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Abstract—

 

A key function of emotion is the preparation for action.
However, organization of successful behavioral strategies depends on
efficient stimulus encoding. The present study tested the hypothesis
that perceptual encoding in the visual cortex is modulated by the emo-
tional significance of visual stimuli. Event-related brain potentials
were measured while subjects viewed pleasant, neutral, and unpleas-
ant pictures. Early selective encoding of pleasant and unpleasant im-
ages was associated with a posterior negativity, indicating primary
sources of activation in the visual cortex. The study also replicated
previous findings in that affective cues also elicited enlarged late posi-
tive potentials, indexing increased stimulus relevance at higher-order
stages of stimulus processing. These results support the hypothesis
that sensory encoding of affective stimuli is facilitated implicitly by
natural selective attention. Thus, the affect system not only modulates
motor output (i.e., favoring approach or avoidance dispositions), but

 

already operates at an early level of sensory encoding.

 

Although emotional expressions, bodily changes, and reported feel-

 

ings vary idiosyncratically according to dispositional (e.g., tempera-
ment) and situational factors, many theorists claim that the emotional
or affect system has evolved from a motivational basis that has a much

 

simpler two-factor organization (Cacioppo, Gardner, & Berntson, 1999;
Lang, 1995; Lang, Bradley, & Cuthbert, 1990, 1997). Because moti-
vated behavior is both energetic and goal directed, numerous research-
ers have proposed that the emotional-motivational system can be
subdivided into an aversive and an appetitive system. Activation of one
of the two systems defines the valence of an emotion. Arousal is
viewed as reflecting variations in the activation of either or both sys-
tems (see Lang, 1995). According to this view, emotions can be func-
tionally considered to be action dispositions preparing the organism
for either avoidance- or approach-related behaviors, interrupting ongo-
ing behavior and mental processes (e.g., Frijda, 1986; Lang et al.,
1997). In this emotional priming model (Lang, 1995), it is assumed
that affective engagement of either the appetitive or the aversive moti-
vational system primes associations, representations, and action pro-
grams linked to the engaged motivational system. Thus, when the
aversive motivational system is activated, defensive and protective be-
haviors are facilitated in order for the organism to withdraw from the
aversive stimulation as quickly as possible. Activation of the appetitive
system primes approach behaviors to pleasant stimuli.

 

The startle response has proven to be a convenient defensive reflex
for testing the emotional priming hypothesis. It has been demonstrated
both in animals (Davis, 1997) and in humans (Hamm, Greenwald,
Bradley, & Lang, 1993) that the startle response to an acoustic probe

stimulus is facilitated (i.e., augmented or potentiated) during fear con-
ditioning. The startle response is also potentiated during viewing of
unpleasant pictures and inhibited during viewing of pleasant pictures
(for reviews, see Bradley, 2000; Lang et al., 1997). This affective mod-
ulation of the startle reflex is enhanced with increasing intensity of the
emotional stimuli (Cuthbert, Bradley, & Lang, 1996).

However, in order to prepare an appropriate behavioral output, the
organism has to discriminate hostile from hospitable stimuli. Affective
cues signal important events that guide attentional processes. In other
words, the organization of successful behavioral strategies depends on
efficient extraction of critical information in the environment (Öhman,
Flykt, & Lundqvist, 2000). Accordingly, emotional modulation might
not only be evident in the behavioral output system but may also facil-
itate the sensory encoding of affective cues. It is well established that
perceptual encoding of visual stimuli can be modified not only by vol-
untarily directed visual attention, but also by reflexive attention that is
captured by the visual cue (Hopfinger & Mangun, 1998). In a similar
vein, emotionally significant stimuli might also reflexively capture the
organism’s attention and facilitate the processing of these cues.

This hypothesis was recently supported by a series of studies mea-
suring regional cerebral blood flow during processing of emotionally
laden visual stimuli. Using positron emission tomography (PET) and
functional magnetic resonance imaging (fMRI) measures, these stud-
ies demonstrated that viewing of pleasant and unpleasant pictures elic-
ited increased regional blood flow in the occipital cortex (Brodmann

 

areas 18 and 19) relative to viewing of neutral materials (Lane, Reiman,
Ahern, & Schwartz, 1997; Lang et al., 1998). Moreover, patients with
specific phobias showed increased activity in the visual associative
cortex while viewing fear-relevant films (Fredrikson et al., 1993). Al-
though these brain-imaging methods provide a good spatial resolution
of 

 

in vivo

 

 human brain functions, they do not reveal the time course of
the affective visual sensory processing. Therefore, it is unclear whether
affective tuning of visual associative cortices appears only at later
stages of stimulus analysis (i.e., when capacity-limited controlled pro-
cessing modes are engaged), or whether the early sensory analysis of
affective cues is already selectively facilitated. The measurement of
event-related brain potentials (ERPs) is most suitable for elucidating
the time course of the cortical responses during the encoding of affec-
tive pictures.

Previous ERP studies showed that pleasant and unpleasant images
elicited larger late positive potentials in the P300 time region than

 

neutral cues (e.g., Cuthbert, Schupp, Bradley, Birbaumer, & Lang, 2000;
Schupp, Cuthbert, et al., 2000). Augmented P300 responses are a hall-
mark finding in cognitive psychology when subjects explicitly attend
to certain stimuli while ignoring others (Johnson, 1988). Thus, the
greater cortical positivity evoked by pictures with emotional content
might reflect the increased attentional engagement evoked by these
cues. However, the P300 is considered to index postsensory (higher-
order) stages of stimulus evaluation. Because of methodological limi-
tations (i.e., limited numbers of sensors and reference-dependent char-
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acterization of field potentials

 

1

 

), these studies were limited in their
ability to reveal early selective stimulus processing in the visual cor-
tex. Therefore, the present study investigated electrocortical activity
during processing of emotional pictures using multichannel ERP re-
cordings (129 sensors) that provide an improved spatial resolution and

 

a reference-independent characterization of the brain potentials. It
was expected that emotionally significant cues would selectively fa-
cilitate stimulus processing at an early stage of visual encoding.

 

METHOD

Participants

 

Participants were 20 (12 female) introductory psychology students
from the University of Greifswald, Greifswald, Germany. They re-
ceived course credits toward their research requirements.

 

Stimulus Materials and Procedure

 

Twenty pleasant (erotic couples, babies, family scenes), 20 neutral
(neutral people, household objects), and 20 unpleasant (mutilations,
violence) pictures were selected from the International Affective Pic-
ture System (IAPS; Lang, Bradley, & Cuthbert, 1999). These images
had simple figure-ground distinctions and were similar in content to
the pictures used in previous fMRI and EEG (electroencephalogram)
studies. Because of possible confounds with specific stimulus features
of the neutral household items (e.g., reduced perceptual complexity),
we report here analyses in which only colored pictures of humans
were included in the neutral category.

The pictures were displayed for 1.5 s each and presented in se-
quences of 6 pictures (cf. Cacioppo, Crites, Berntson, & Coles, 1993).
On each trial, a warning dot preceded picture onset to ensure that the
subject was fixating on the center of the screen. After picture offset,
the subject was asked to categorize the picture as either pleasant, neu-
tral, or unpleasant using a three-way response button. The intertrial in-
terval (ITI; including overt response) was 3 s. The subject initiated
each sequence of 6 pictures by a button press, and a total of 40 such
sequences were presented. Thus, each picture was viewed four times
in the total of 240 picture presentations. Pleasant, neutral, and un-
pleasant pictures were presented in a random order with the exception
that no more than 2 pictures of the same valence were allowed in each
sequence. All 60 different exemplars were presented before the series
was presented again (in a different order). The order of picture presen-
tation was different for each subject. One sequence of 6 pictures
served as a practice trial.

 

Apparatus and Data Analysis

 

Electrophysiological data were collected from the scalp using a
129-channel system (Electrical Geodesics, Inc., Eugene, Oregon).

 

Scalp impedance for each sensor was kept below 30 k

 

�

 

. The EEG was
collected continuously in the 0.1- to 100-Hz frequency range with a
sampling rate of 250 Hz. Continuous EEG data were low-pass filtered
at 35 Hz before stimulus-synchronized epochs were extracted from
124 ms before until 776 ms after picture onset. Single-trial epochs were
corrected for vertical and horizontal eye movements (Miller, Gratton,
& Yee, 1988). A statistical approach described in Junghöfer, Elbert,
Tucker, and Rockstroh (2000), including the transformation of the
ERP data to an average reference, was applied for artifact correction.

A two-step procedure was used to analyze the affective modulation
of the ERP waveform. First, repeated measures analyses of variance
(ANOVAs) including the factor affect (pleasant, neutral, unpleasant)
were calculated for each time point after picture onset separately for
each individual sensor in order to identify the temporal and spatial
characteristics of affective ERP modulation. These waveform analyses
were conducted using a significance criterion of 

 

p

 

 

 

�

 

 .01. In order to
avoid false positives, we considered significant effects meaningful
only when the effects were observed for at least eight continuous data
points (32 ms) and two neighboring sensors revealed significant affec-
tive modulation. Furthermore, post hoc comparisons among the three
valence categories were conducted to supplement the overall ANOVAs.
The outcome of these waveform analyses suggested two effects of af-
fective modulation, that is, an early posterior negativity and a late cen-
tro-parietal positive potential.

In the second step, the outcome of these waveform analyses was
used as the basis for collapsing information according to the spatial
focus and temporal characteristics of the affective modulation. Re-
gions of interest were defined, and the average of the selected sensors
was calculated for each of these regions. Similarly, the mean activity
in critical time windows was obtained. This information was analyzed
by repeated measures ANOVAs in order to provide a more standard
ERP analysis and enable a brief presentation of results.

 

Early posterior negativity

 

An early affective modulation appeared with the negative slope of
the P100 and was maximally pronounced at 312 ms after picture on-
set. This modulation was observed in bilateral clusters of increased
temporo-occipital negativity and corresponding centro-medial positiv-
ity for affective compared with neutral cues. No other regions, such as
anterior sites, revealed a significant modulation as a function of affect.
Accordingly, the early affective modulation was captured by calculat-
ing the mean activity over a 40-ms time interval centered at the peak
of differentiation at 312 ms for left and right temporo-occipital and

 

centro-medial

 

2

 

 sensor clusters. Conventional repeated measures ANOVAs
included the factors affect (pleasant, neutral, unpleasant), site (tem-
poro-occipital, centro-medial), and laterality (left, right).

 

1. In general, electrical field potentials are recorded as voltage difference be-
tween two locations on the scalp. However, there is no consistent zero potential
for all electrical generators. In particular, common reference sites used in earlier
studies (e.g., linked ears) are electrically active and may vary with every time
sample. Therefore, choice of reference can result in distorted representations of
the “true” field potentials, and the appearance of the field potentials depends on
the reference site. One way to achieve the goal of reference-independent charac-
terizations of the field potentials is to calculate the average reference potential
(Tucker, Liotti, Potts, Russell, & Posner, 1994). This method is based on the
physical rule that the surface integral of the field potentials equals zero. How-
ever, the accuracy of this method depends on the accurate assessment of the sur-
face integral, and therefore a large number of sensors (more than 64) must be
evenly spaced over the scalp surface (Tucker et al., 1994).

 

2. The temporo-occipital cluster comprised the following sensors of the
net: 56, 63, 64, 65, 66, 69, 70, 71, 74, and 75 in the left hemisphere, and 83, 84,
85, 89, 90, 91, 95, 96, 100, and 108 in the right hemisphere. The centro-medial
cluster comprised the following sensors of the net: 7, 13, 30, 31, 32, 36, 37,
and 38 in the left hemisphere, and 81, 88, 105, 106, 107, 111, 112, and 113 in
the right hemisphere.
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Late centro-parietal positive potential

 

The second affective modulation was maximally pronounced in the
time window from 416 to 456 ms. During this window, enlarged late
positive potentials (LPPs) were observed for affective relative to neu-
tral pictures over the centro-parietal sensors. Although other sensor
sites revealed corresponding enlarged negative potentials for affective
materials, these effects were not meaningful according to our criteria
for significant effects. Accordingly, an ANOVA including the factors
affect and laterality was calculated for the LPP collapsed over centro-
parietal sensors.

 

3

 

RESULTS

Early Posterior Negativity

 

As illustrated in Figure 1, there was evidence for an affective mod-
ulation of the ERP waveform preceding the LPP. Overall, the ERP
waveform presented a positive polarity over posterior sensors and a
negative polarity over anterior sites. However, the encoding of affec-
tive pictures resulted in a pronounced relative negative shift in the
ERP waveform over left- and right-hemisphere temporo-occipital clus-
ters of sensors, as illustrated in Figure 1 by the waveforms for repre-
sentative left- and right-hemisphere temporo-occipital sensors (70 and
90). Furthermore, a corresponding positive shift was observed at clus-
ters of sensors over left and right centro-medial sites, again illustrated
in Figure 1 by two representative left- and right-hemisphere sensors (7
and 107). Figure 2 highlights this affective differentiation in temporo-
occipital negativity at sensors 70 and 90 by showing the difference
waveforms obtained by subtracting the waveforms elicited by neutral
pictures from the waveforms evoked during viewing of affective im-
ages. The temporal information displayed in Figures 1 and 2 indicates
that the increased temporo-occipital negativity for pleasant and un-
pleasant pictures emerged with the negative slope of the P100 and was
maximally pronounced around 300 ms after stimulus onset.

Supplementing the temporal information, Figure 3 illustrates the
spatial topography of the scalp field potentials represented as the mean
activity of a 40-ms time window centered at the peak of affective dif-
ferentiation (312 ms). Again, these maps are based on the differences
between affective and neutral ERPs, thus illustrating the affective mod-
ulation. These field potential maps reveal two bilateral sources of aug-
mented temporo-occipital negativity for affective compared with neutral
images, with a polarity reversal over anterior sites. Moreover, a cur-
rent source density analysis further increased spatial resolution. This

 

technique emphasizes focal over global (widespread and blurred) sources
of activation (electrical generators). The outcome of this analysis sup-
ports the notion of bilateral activation of occipital brain areas. In addi-
tion, there was evidence for the activation of parietal areas, mainly in
the right hemisphere (cf. Junghöfer, Bradley, Elbert, & Lang, 2001).

Statistical analyses supported the significance of this affective ERP
modulation. Compared with neutral images, pleasant and unpleasant
images elicited significantly larger negativity over temporo-occipital
sites, 

 

F

 

s(1, 19) 

 

�

 

 33, 

 

p

 

s 

 

�

 

 .0001, and stronger positivity over centro-
medial sites, 

 

F

 

s(1, 19) 

 

�

 

 20, 

 

p

 

s 

 

�

 

 .0001, thus resulting in a significant

affect-by-site interaction in the overall analysis, 

 

F

 

(2, 38) 

 

�

 

 31.2, 

 

p

 

 

 

�

 

.0001. The calculation of simple difference scores demonstrated that
19 of 20 subjects contributed to the effects at temporo-occipital and
centro-medial clusters. Furthermore, the comparison between pleasant
and unpleasant images was not significant for temporo-occipital or
centro-medial sensors, 

 

F

 

s(1, 19) 

 

�

 

 1. Also, affective modulation did
not interact with laterality at centro-medial or temporo-occipital sen-
sors, 

 

F

 

s(2, 38) 

 

�

 

 1. As already indicated in the Method section, the
analyses of individual sensors and further control analyses revealed no
significant affective modulation of the ERPs at anterior or other sites,
suggesting that the effects were specific for the temporo-occipital and
centro-medial clusters.

Further analyses explored the hypothesis that the posterior negativ-
ity increased with the affective engagement prompted by the pictures.
It is well established that erotic pictures elicit stronger skin conduc-
tance responses (SCRs) and are rated as more arousing than other
pleasant materials. In the same vein, pictures of mutilated bodies
evoke stronger SCRs and are rated as more arousing than pictures with
other unpleasant content (Hamm, Schupp, & Weike, in press). Ac-
cordingly, we predicted that the posterior negativity was most pro-
nounced for pictures displaying erotic scenes and mutilations. As
shown in Table 1, erotic images and pictures of mutilations indeed
elicited a more pronounced relative negative shift over temporo-occip-
ital sites compared with less arousing pictures of the same valence,

 

F

 

s(1, 19) 

 

�

 

 20.0 and 4.5, 

 

p

 

 

 

�

 

 .0001 and 

 

p

 

 

 

�

 

 .05, respectively. How-
ever, the less arousing pleasant pictures of families and babies and the
unpleasant pictures of violence still elicited significantly enhanced

 

posterior negativity compared with neutral images, 

 

F

 

s(1, 19) 

 

�

 

 19, 

 

p

 

s 

 

�

 

.0001. The relative polarity reversal over centro-medial sites (i.e., pos-
itive potentials) also significantly reflected emotional intensity, as in-
dicated by calculating the same contrasts as for the temporo-occipital
sites, 

 

F

 

s(1, 19) 

 

�

 

 8.5, 

 

p

 

s 

 

�

 

 .01. These results demonstrate the sensi-
tivity of the temporo-occipital negativity to the intensity of affective
stimulation.

 

Late Centro-Parietal Positive Potential

 

Higher-order aspects of stimulus encoding were assessed by means
of the LPP. The results replicated previous findings. The amplitude of
the LPP was modulated by the affective categories of the stimuli,

 

F

 

(2, 38) 

 

�

 

 22.2, 

 

p

 

s 

 

�

 

 .0001. Pleasant and unpleasant pictures elicited
enlarged LPPs compared with neutral images, 

 

F

 

s(1, 19) 

 

�

 

 20.5, 

 

p

 

s 

 

�

 

.0001. Furthermore, pleasant and unpleasant pictures elicited compa-
rable LPPs, 

 

F

 

(1, 19) 

 

�

 

 1.6, n.s. Thus, these data indicate that higher
stages of stimulus processing are modulated by affective cues, imply-
ing that affective cues are associated with greater relevance than neu-
tral images.

 

DISCUSSION

 

In the present study, we explored the hypothesis that the emotional
content of visual cues facilitates the sensory encoding of these stimuli.
The results supported this hypothesis. Affective pictures elicited an en-
dogenous negative shift over temporo-occipital sites that started with
the negative slope of the P100 and reached its peak around 300 ms.
The spatial focus of this early emotion discrimination indicates pri-
mary sources of activation in the visual system. Furthermore, posterior
negativity increased with the arousal level of the emotional pictures.
Thus, it appears that facilitated stimulus encoding of affective visual

 

3. The centro-parietal cluster comprised the following sensors of the net: 7,
13, 31, 32, 38, 43, 53, 54, and 61 in the left hemisphere, and 79, 80, 81, 87, 88,
94, 106, 107, and 113 in the right hemisphere.
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Fig. 1. Grand-averaged event-related potential (ERP) waveforms while viewing pleasant, neutral, and un-
pleasant pictures. The bottom graphs show the posterior negativity elicited by pleasant and unpleasant images
over two representative temporo-occipital sites, one in the left hemisphere (70) and one in the right hemi-
sphere (90). The top graphs show the polarity reversal of the affective modulation over two representative
centro-medial sensors (7 and 107).
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cues varies as a function of affective engagement elicited by the cues.
Following this early facilitated sensory processing of affective cues,
higher stages of stimulus processing (i.e., stages when rather capacity-
limited controlled processing modes are engaged) are also modulated
by affective valence. That is, as found previously (Cuthbert et al., 2000;
Schupp, Cuthbert, et al., 2000), the amplitudes of the centro-parietal LPP
were augmented for affective images relative to neutral pictures. In cogni-
tive tasks, the LPP is increased for stimuli that are task-relevant (Johnson,
1988). Thus, these findings suggest that affective cues may intrinsically
have a higher relevance than neutral materials.

The emotional guidance of attentional resources seemed to be sim-
ilarly pronounced for pleasant and unpleasant stimuli. Both the poste-
rior negativity and the LPP were remarkably similar for pleasant and
unpleasant stimuli. From a functional perspective, these observations
might not be surprising: Both pleasant and unpleasant pictures activate
their corresponding motivational system of approach or avoidance. Fa-
cilitated stimulus encoding of salient affective cues seems to be impor-
tant for implementing successful behavioral strategies irrespective of
the affective direction. Accordingly, both ERP measures are silent with
regard to the affective valence of the stimuli, but rather reflect the in-
tensity of affective engagement of either of the motivational systems.

It is instructive to relate the affective discrimination of the ERPs to
the modulation of the ERPs by cognitive events. It has been consis-
tently demonstrated that attending selectively to the location of a vi-
sual stimulus results in increased amplitudes of the P1 and N1
components of the ERP over lateral occipital regions (Mangun & Hill-
yard, 1991). Although this selective attention to stimulus location op-

erates already at 70 to 90 ms after stimulus onset, selective attention to
certain stimulus features such as color, orientation, or shape is associ-
ated with a temporo-occipital negativity, developing around 150 to
200 ms and lasting for approximately 100 ms (Näätänen, 1992; Smid,
Jakob, & Heinze, 1999). These results were obtained in studies fo-
cused on the effects of voluntary attentional orienting, that is, the pur-
poseful allocation of attention by a willing subject (Yantis, 1996). The
similarities to the ERP modulation obtained in the present experiment,
in both time course and brain topography, are noteworthy. In the cur-
rent experiment, however, the pictures were presented in a random or-
der, and no selective task was associated with the picture viewing.

 

4

 

Thus, the observed ERP discrimination is not a result of voluntary at-
tentional orienting, but rather reflects a process of reflexive attention
(see Mangun, Jha, Hopfinger, & Handy, 2000). The increased poste-
rior negativity to voluntarily attended targets is considered to reflect a
process by which specific stimuli are selected for more elaborated pro-
cessing (cf. Näätänen, 1992). Similarly, the increased posterior nega-

Fig. 2. Illustration of the enlarged temporo-occipital negativity elicited by affective pictures. Difference
waveforms for temporo-occipital sensors 70 and 90 were obtained by subtracting waveforms elicited by
pictures with neutral content from waveforms elicited by pictures with affective (pleasant and unpleas-
ant) content.

 

4. The finding of facilitated processing of affective compared with neutral
cues is unlikely to be due to the evaluation task or to anticipation of the stimu-
lus. A recent study (Junghöfer et al., 2001) also found an early facilitated pro-
cessing of affective cues without any explicit task instruction. Furthermore,
varying stimulus anticipation explicitly by presenting the affective pictures in-
terspersed in an affective picture sequence of the same or different valence also
revealed results similar to those reported in the present study (Schupp, Weike,
& Hamm, 2000).
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tivity to emotional cues might reflexively select affective stimuli for
more elaborate stimulus processing. Furthermore, this process of natu-
ral selective capture of attention might involve neural structures that
are at least partially separate from those involved in the regulation of
explicit voluntary selective attention.

Recent studies have revealed that affective cues activate a number

 

of subcortical structures. For example, aversive cues activate the amygdala,
the basal forebrain, and the pulvinar (Morris, Friston, & Dolan, 1997;
Morris, Öhman, & Dolan, 1998). Activation of these structures might
facilitate selective processing in the visual cortex via direct projec-
tions (Emery & Amaral, 2000) or ascending neuromodulatory systems
(Derryberry & Tucker, 1991). Moreover, several limbic structures (in-
cluding the amygdala) also project to the anterior cingulate cortex,
which is part of the anterior attentional system organizing explicit se-
lective attention (Posner & Petersen, 1990). These various anatomical

hypotheses might be tested by combining neuroimaging measures (i.e.,
multichannel ERP and fMRI of the whole brain) to assess the tempo-
ral and spatial dynamics of the brain response to affective images.

In summary, the present results support the hypothesis that the sen-
sory encoding of affective stimuli is facilitated by early implicit selec-
tive attention. ERP waveforms revealed that the brain systematically
differentiated emotionally significant from affectively neutral visual
inputs. Early selective encoding effects of pleasant and unpleasant im-
ages appeared as posterior negativity, indicating primary sources of
activation in the visual cortex. In addition, affective cues had in-
creased stimulus relevance at higher-order stages of stimulus process-
ing, as indexed by augmented LPPs for affective cues. Thus, the affect
system not only primes motor output (i.e., favoring approach or avoid-
ance dispositions; see Lang et al., 1997), but already facilitates stimu-
lus encoding at an early level of sensory processing. Reflexive attention

Fig. 3. Scalp potential maps revealing the topography of the early affective modulation. These brain maps were derived by interpolating volt-
ages to the scalp surface using spherical splines and back-projection to a model head. Contour lines were spaced every 0.4 �V. Left- and right-
side views of the model head are illustrated.
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to affective cues might also have interesting implications for testing

 

clinical models predicting that selective attention to certain threat-
related stimuli is a crucial factor in several anxiety disorders (Mathews
& MacLeod, 1994).
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Table 1. Peak event-related potential amplitude (in microvolts) for specific pleasant and 
unpleasant picture categories at temporo-occipital and centro-medial sites

Picture category

Pleasant Neutral Unpleasant

Sensor region
Erotic
images

Family and baby
pictures

Neutral
people

Human
violence

Mutilated
bodies

Temporo-occipital �1.2
(� 	3.8)

�2.9
(� 	2.1)

�5.0 �2.7
(� 	2.3)

�1.8
(� 	3.2)

Centro-medial 	0.2
(� �2.5)

	1.6
(� �1.1)

	2.7 	1.4
(� �1.3)

	0.6
(� �2.1)

Note. Results are averaged over left- and right-hemisphere sites. For the pleasant and unpleasant 
categories, values in parentheses indicate the difference from the neutral category.
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