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Faces and emotions: brain electric field sources
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Abstract—Covert brain activity related to task-free, spontaneous (i.e. unrequested), emotional evaluation of human face images was
analysed in 27-channel averaged event-related potential (ERP) map series recorded from 18 healthy subjects while observing random
sequences of face images without further instructions. After recording, subjects self-rated each face image on a scale from “liked” to
“disliked”. These ratings were used to dichotomize the face images into the affective evaluation categories of “liked” and ““disliked”
for each subject and the subjects into the affective attitudes of “philanthropists™ and “misanthropists” (depending on their mean
rating across images). Event-related map series were averaged for “liked” and “*disliked™ face images and for ““philanthropists” and
“misanthropists”. The spatial configuration (landscape) of the electric field maps was assessed numerically by the electric gravity
center, a conservative estimate of the mean location of all intracerebral, active, electric sources. Differences in electric gravity center
location indicate activity of different neuronal populations. The electric gravity center locations of all event-related maps were
averaged over the entire stimulus-on time (450 ms). The mean electric gravity center for disliked faces was located (significant across
subjects) more to the right and somewhat more posterior than for liked faces. Similar differences were found between the mean
electric gravity centers of misanthropists (more right and posterior) and philanthropists. Qur neurophysiological findings are in line
with neuropsychological findings, revealing visual emotional processing to depend on affective evaluation category and affective
attitude, and extending the conclusions to a paradigm without directed task. € 1998 Elsevier Science Ltd. All rights reserved.
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Introduction of brain activity also occurs spontaneously, i.e. when no
emotional decision is required and it occurs automatically
Facial expressions as stimuli have been used to study and when the information is available to both hemi-
the spatial organization of brain mechanisms of emotions spheres.
in the human brain. In neuropsychological investigations, One of the hypotheses suggested by the neu-
behavioural changes were observed when the evaluation ropsychological assessment of normal subjects and brain-
or generation of facial emotion was supposed to be pre- damaged patients was that the right hemisphere is gen-
dominantly generated by the left or the right hemisphere erally more efficient than the left hemisphere in the pro-
[25, 40, 41, 43, 51]. Using event-related potential (ERP) cessing of emotional stimuli [3, 23]. In particular, right
measurements, electrophysiological correlates of the out- hemisphere advantage was observed in the perception
come of forced emotional classification of faces were and/or expression of facial emotion in normals (per-
reported [12, 29, 32, 34, 53] but their localizing interpret- ception: [39, 41, 43, 60]; expression: [5, 43, 44]). Similarly,
ations lacked methodological validation. Employing a deficits in the perception and/or expression of facial emo-
non-ambiguous method to estimate the center location tion have been found more frequently in right than left
of brain activity, we investigated whether the effect of hemisphere damage (perception: [2, 6, 16, 18, 40];
different emotional meaning on the spatial organization expression: [11, 55]). These results led to the suggestion

that “‘the right hemisphere may contain a lexi-

. / i f facial emotions™ ([7], p. 2603).
* Corresponding author: Prof. D. Lehmann, The KEY Insti- Co%/}ll"eprc?sen;latloél N a}??l dlb th([h] P th ')th ¢
tute for Brain-Mind Research, University Hospital of 1s view nas been challenged by the nypothesis tha

Psychiatry, Lenggstr. 31, CH-8029 Zurich, Switzerland. E-mail: the quality of emot.ion alters hemispheric contribution
dlehmann@key.unizh.ch; Fax: +41-1-3843396. [58]. Support for this assumption arose from reports on
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left hemispheric contributions to the recognition of faces
and to the discrimination of facial expression [14, 25, 51,
59], thus suggesting that the left hemisphere is con-
siderably involved in emotion [63]. In particular, some
studies suggested right-hemisphere dominance for nega-
tive emotions and either left-hemisphere or bilateral
involvement for positive emotions: Normals tended to
prefer faces presented to the right visual field/left hemi-
sphere and to disfavour faces presented to the left visual
field/right hemisphere [45, 47-51]. Right brain damage
impaired the perception of negative facial expressions
but not of positive expressions [4, 13]. Conversely, when
attributing emotions to neutral faces, left hemisphere
damaged patients attributed sadness significantly more
often and happiness significantly less often than right
hemisphere damaged patients [40], suggesting that left
hemisphere-damaged patients may show a bias towards
negative emotions. Indeed, “‘catastrophic reactions” (i.¢.
outbursts of tears, anxiety) were more frequent in patients
with left hemispheric lesions whereas “indifference reac-
tion™ (i.e. tendency to joke, anosognosia, inappropriate
cheerfulness) were predominant with right hemispheric
lesions [19, 20, 57]. In stroke patients, indifference report-
edly was related to right anterior lesions, depression to
left anterior lesions [52].

Neuropsychological methods traditionally explored
the capacities of brain information processing by
assuming that contributions from brain regions involved
in a task usually increase processing capacities and thus
lead to an improved performance in terms of speed and
accuracy. In order to elucidate the contribution of differ-
ent brain regions, this approach must analyse the
reduction of processing capacities while processing con-
tributions are constrained in some regions; this is
achieved by unilateral stimulus presentation in normals
or by the presence of localized brain lesions in patients.
In order to reduce needed constraints in the experimental
design, the event-related field topography might be rec-
orded because this is the direct electrical manifestation of
the neural activity. Different configurations of the brain
electric field must originate from differences in geometry
of the active neural elements and thus are assumed to
subserve different brain functions [35, 37, 38]. Brain elec-
tric field-based conclusions about the neural processes
that constitute perceptual, emotional and cognitive pro-
cessing can be drawn even during covert processing, i.c.
when the subjects are not required to produce an overt
response to the stimulus [8, 24, 30]. Avoiding directed,
specific tasks offers the additional advantage that power-
ful brain mechanisms needed for task execution, per se,
are not activated. If active, such mechanisms may overlay
and conceal more subtle cognitive-emotional processes.

In a variety of tasks, differences in ERP waves were
recorded for emotional vs neutral faces as stimuli [12, 27,
29, 32, 34, 53, 65]. Emotion-related processing tended to
produce more ERP wave differences on the right side of
the scalp. ERP amplitude or latency differences between
positively and negatively evaluated faces were reported

by some groups [29, 32] but no spatial organization could
be described. Other studies failed to find ERP wave
differences between these two conditions [27, 34, 65].

Our criticism of the ERP literature in this field is that
conclusions about the spatial organization of emotions
in the brain have been based on the assumption that the
brain location of the processing site is identical to the
scalp location of differences of EEG and ERP wavesh-
apes. This is, however, only the case if the generators
are oriented perpendicular to the scalp surface [9], an
assumption that is unlikely, has never been validated and
is proven to be wrong by the mere existence of mag-
netoencephalographic (MEG) measurements which can
record only sources tangential to the surface. This issue
is illustrated by the well-known ERP component P100
which often shows maximal scalp voltage values at
locations contralateral to the active hemisphere [10, 26].
In order to obtain conclusive results about differences in
neuronal activity, spatial descriptors of the brain electric
field are required that offer an unambiguous distinction
between the activity of different neural populations [36,
38, 42]. In particular, conclusions about changes of the
location of active neuronal elements may only be drawn
if they are based on adequate source modeling.

The aim of this study was to assess ERP map differ-
ences related to differences in spontaneous, covert
emotional evaluation of images of human faces presented
to normal subjects. These differences were assessed as a
function of the subjects’ affective evaluation of the single
face images (“‘liked” vs ““disliked”’) and as a function of
the subjects’ general affective attitude towards the entire
set of face images (in line with the vernacular “‘mis-
anthropists” vs “philanthropists’). In order to describe
the most basic features of these processes, a paradigm
without any directed task was used. Thus, possible inter-
ferences due to task execution were minimized by having
the subjects merely look at the face images. To avoid
ambiguities in the interpretation of the results, the brain
electric field data were evaluated using the location of
the point of gravity of the entire neuronal activity as a
conservative localization approach.

Method
Subjects

Seven female and 11 male healthy volunteers (mean age 29.4,
range 22-37) with normal or corrected-to-normal vision were
recruited via campus advertisements and gave their informed
consent to serve as subjects. No subject had any history of
psychiatric disorder, alcohol or drug abuse. The subjects were
informed about the experimental design (i.e. that they were
going to see face images during the recordings), but not about
the specific aim of the study. Handedness was assessed with the
Edinburgh Handedness Inventory [46]; all were right-handed;
the mean laterality index was 80.5 (S.D. = 20).
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Fig. 1. Examples of the face images [61] used as stimuli. The image on the left was on average across subjects the most disliked face,
the image on the right the most liked face. (By permission of Huber Verlag, Bem.)

Stimulus material and experimental procedure

To obtain affect-associated stimuli, we chose 32 photographs
of psychiatric patients’ faces from the Szondi-Test [61]. The
Szondi face stimuli generate a wide range of emotions and
therefore are particularly suited to elicit emotional decisions,
i.e. both approach- and withdrawal-related judgments [47—49).
The black and white photographs were digitized and adjusted
for size, brightness and contrast (Fig. 1). The subjects were
comfortably seated in a sound, light and electrically shielded
recording room where an intercom system provided the possi-
bility to interact with the experimenter if needed.

Before the main experimental recording started, the subjects’
average evoked potential map series were recorded during a
control condition for visual input. The subjects passively
observed emotionally neutral, visual checkerboard-reversal
stimuli on a computer screen [26], a standard paradigm in
neurological diagnostics.

After this control recording, the subjects were instructed to
look at the center of the permanently visible frame on the screen
and to observe passively the face images which were to appear
in the frame at regular intervals. No other task was given so that
cognitive-emotional and input-dependent sensorimotor tasks
were excluded. In other words, the subjects had not been given
constraints or requests on what they should or might think
about while watching the face images.

The face stimuli were presented on light gray background on
a computer screen 100 cm in front of the subject. Each face
image covered an area of about 8§ x 11 c¢m surrounded by the
frame of 12.8 x 12.5 em. The face stimuli were presented bin-
ocularly for 450 ms at intervals of 2000 ms. The presentation
of the entire set of faces was repeated 20 times with pauses of 1
min in-between. For each repetition, the face sequence was
newly randomized.

Data acquisition

Twenty-seven channel ERP map series were recorded while
subjects observed the random sequences of face images. Elec-
trodes were attached at scalp positions Fpz, Fp 1/2, Fz, F3/4,
F7/8,FCl1/2, Cz, C3/4, T7/8, CP1/2, Pz, P3/4, P7/8, PO3/4, Oz
and O1/02 of the international 10-10 system [1]. Fpz was the
recording reference. Eye movements were recorded with an
electrode at the outer left canthus vs Fpz. Impedances were
kept below 5 Kohms. The data were amplified (0.3-70 Hz)

and digitized (256 samples/sec) with a 3l-channel BioLogic
Ceegraph System. Two channels of the system recorded the
stimulus codes through an optocoupling device.

Subjective rating

After recording, the subjects self-rated the face stimuli for
affective appeal on a visual-analog scale. Each face image was
printed on a separate 15 x 21 cm sheet with a vertical 10 ¢cm line
on the right margin as rating scale. The sheets were presented
in random sequence. The upper end of the scale was labeled (in
German) “‘sympathisch’ (““liked face™) and the lower “unsym-
pathisch” (*‘disliked face™) or vice versa and randomized within
each subject to keep the subjects’ attention engaged. Subjects
indicated with a tick mark how much they liked/disliked the
face.

Analysis and data reduction

Using the ratings, the 16 personally most liked and the 16
most disliked face images were determined for each subject. We
also computed the mean rating of all face images for each
subject so that subjects could be dichotomized into a group of
“‘philanthropists™ (the 9 subjects with highest mean ratings)
and a group of “misanthropists™ (the 9 subjects with lowest
mean ratings). Table 1 shows the results of the post-recording
rating of the face stimuli for their affective appeal. Means and
standard deviations for each subject are separately reported for
disliked and liked faces (affective evaluation categories) as well
as for all face images (affective attitude). Misanthropists and
philanthropists differed in their affective attitudes to the face
images (¢-test, P < 0.0001) which ranged between 1.68 and 4.59
for misanthropists (M = 3.894-0.89) and between 4.72 and 5.83
for philanthropists (M = 5.3440.36), but did not differ in age
(misanthropists: 29.7+6.1 years, philanthropists: 29.244.3)
and mean laterality index (misanthropists: 79.1+22.4, phil-
anthropists: 81.2 +18.6). Dichotomising both the face images
and the subjects, allowed us to include all the collected data in
the analysis.

Data epochs containing eye and muscle artifacts were edited
out in an off-line visual screening procedure of the raw data.
The analysis covered the entire stimulus on-time, up to 450
msec after stimulus onset. For each subject, three average ERP
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Table 1. Post-recording ratings of the face stimuli for affective
appeal by the 18 subjects

Affective Affective Evaluation
Attitudes Categories
Rating: All faces Disliked faces Liked faces
Mean (S.D.) Mean (S.D.) Mean (S.D.)
Misanthropists 1.68 (1.46) 0.84(0.27)  2.53(1.67)
n=9 3.66(2.93) 1.31(0.93)  6.01(2.29)
3.68 (2.46) 1.89(0.58) 5.46(2.31)
3.95(2.57) 1.84(1.01) 6.05(1.79)
4.22(3.10) 1.66(1.91)  6.77(1.51)
4.31(3.34) 1.36(1.42) 7.27(1.57)
4.37(3.25) 1.65(1.49)  7.08(1.98)
4.54(2.95) 2.16(1.49)  6.91(1.92)
4.59(3.20) 1.86(1.62)  7.33(1.59)
Mean (S.D.) 3.89(0.89) 1.62(0.39)  6.16(1.50)
Philanthropists 4.72(3.51) 1.62(1.04) 7.82(1.97)
(n=29) 5.05(2.80) 2.85(1.92) 7.26(1.47)
5.13(2.06) 3.36(1.07)  6.90(0.98)
5.24(2.50) 3.26(1.63)  7.23(1.36)
5.26(2.79) 2.89(1.41) 7.63(1.45)
5.45(3.35) 2.53(1.74)  8.38(1.43)
5.64(3.32) 2.82(1.55) 8.46(1.86)
5.77(2.27) 3.92(1.52) 7.61(1.04)
5.83(2.77) 3.46(1.69) 8.21(0.97)
Mean (S.D.) 5.34(0.36) 2.97(0.66)  7.72(0.55)

Means and standard deviations for individually disliked and
liked faces (affective evaluation categories) and for all face
images (affective attitude) are tabulated. The values are in cm
of the utilized visual-analog scale ranging from “disliked” = 0
to “liked” = 10.

map series were averaged, each across the 20 repetitions, using:
(1) the 16 most “liked” stimuli, (2) the 16 most “disliked”
stimuli and (3) all 32 stimuli. Spatial DC removal (so called
average reference computation) and a digital 1.5-30 Hz tem-
poral band pass filter was applied to all map series. Across
subjects, the map series were averaged for disliked and liked
faces (both, n = 18), and for philanthropists and misanthropists
(both, n = 9). In addition, the map series for disliked and liked
faces were averaged separately across philanthropists and
across misanthropists (all 4 series, n = 9).

The topography of each ERP map landscape was reduced to
the location of the point of gravity of the absolute voltages
within the map. This value is a conservative estimate of the
mean location of all active, electric, intracerebral sources in
two-dimensional space, and from now on will be called “electric
gravity center”. (This electric gravity center is the mean location
between the locations of the centroids of the positive and nega-
tive map areas which were used for the numerical assessment
of map landscapes in previous studies, e.g. [9, 30, 66]). Thus,
the spatial configuration of a momentary field configuration
was numerically expressed by two spatial co-ordinate values
(Fig. 2). The average location of the electric gravity center
over all maps during the entire analysis time (0—450 ms post-
stimulus) was computed for each ERP map series; these
locations of the electric gravity centers were used for further
analysis.

In a second approach, the described analyses were repeated
using only the extreme cases, i.e. the six most misanthropic and
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Fig. 2. Example of spatial feature extraction from a scalp field
map. The head is seen from above, nose up, left ear left. The
numbers identify the electrode positions of the international
10-10 system as rows (vertical, from anterior to posterior) and
columns (horizontal, from left to right). Equipotential lines are
linearly interpolated in steps of 1 microV; hatched areas are
negative, white areas positive, relative to the average reference.
The cross indicates the location of the electric gravity center
(point of gravity of the absolute map voltages); the spatial
configuration of a momentary field map is thus numerically
assessed by two co-ordinate values.

the six most philanthropic subjects of all 18 (now to be called
“extreme subjects’).

Thirdly, in order to test for possible changes of observed
effects over time due to the repetition of the stimuli, the stimulus
sequence was divided into blocks. For differences between phil-
anthropists and misanthropists, five equal blocks each con-
sisting of 4 stimulus runs were used (4 x 32 stimuli per block).
For differences between liked and disliked face images, two
equal blocks were used (10 x 16 stimuli per block), because the
reduced number of stimuli available after block partitioning
limited the number of possible blocks. The analyses were done
for all blocks.

Analysis and data reduction of the control recordings during
the visual checkerboard-reversal stimulation was done using
the same methodology. For all stimuli, the electric gravity center
location was computed for each subject.

Comparisons and statistics

The difference between subjective affective categories was
established in each subject as the difference of the electric gravity
center location for liked stimuli and for disliked stimuli. From
these differences, the mean difference over subjects was
computed. As differences of electric gravity center location are
two-dimensional vectors and include length and direction, stat-
istics had to take into account how much the single subject’s
electric gravity center locations went into the direction of the
corresponding mean electric gravity center location. Thus, the
single subjects electric gravity center difference vectors were
projected onto the mean difference vector and the lengths of
these projections were compared between categories (liked vs
disliked faces) using a standard paired t-test. In a first step, the
electric gravity center differences between liked and disliked
faces were tested over all subjects; the second step of analysis
consisted of separate comparisons between categories in phil-
anthropists and misanthropists.

The assessment of the effect of subjective affective attitude
was similar to the comparison of subjective affective categories:
The electric gravity center location of all philanthropists and
all misanthropists were separately averaged and the mean
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difference verior beyween the two gronps was established. Then,
the single subjects’ electric gravity centers were projected onto
this difference vector and the positions of these projections on
the mean vector were compared between attitudes (phil-
anthropists vs nusanthropists} using a unpaired ¢test. The
difference of attitude was evaluated on a first level by comparing
the philanthropists and misanthropists electric gravity center
locatioms dotawnea rom tne evdkel pateriudis tndt (ndtubiea 4l
stimuli; on a second level, the difference between philanthropists
and misanthropists was separately tested for liked and disliked
faces. Two-tailed P values are reported.

Results

Disliked vs liked faces: effect of subjective, affective
evaluation categories

The comparison within subjects showed that the elec-
tric gravity comiky lovation {or dishiked (ks was ©ig-
nificantly different from that of liked faces at P = 0.027
(d.f. = 17); the former was located more to the right and
more posterior. Figure 3A and Table 2A show that the
difference on the left-right axis was roughly twice the size
of the difference on the anterior—posterior axis.

Misanthropists vs phitanthropists: effect of gffective
attitude

The comparison between subject groups showed that
the electric gravity center location of the misanthropists
was sigmificantly different {rom thvat of the phitantiropists
at P = 0.005 (d.f. = 16). It was located more to the right
and more posterior for misanthropists, but the left-right
difference was much larger than the anterior—posterior
difference (Fig. 3B and Table 2B).

Effect of subjective, affective evaluation categories and
affective attitude

On the level of the affective evaluation categories,
differences between liked and disliked faces were present
in the group of philanthropists (P = 0.038, d.f. = §) as
well as in the group of misanthropists (P = 0.081,
d.f. = 8). As illustrated in Fig. 3C and Table 2C, both
groups snowed a ngh-shiy for dshxed faces; toe pos-
teriorization was observed only in the group of mis-
anthregises.

On the level of affective attitude, a significant shift of
the electric gravity center in right-posterior direction (Fig.
3C and Table 2C) was present when misanthropists were
comparad o pinlertnopnsty  whiny dnlileed  fseex
(P =0.008, d.f.=16) as well as using liked faces
(P=0.03b 4. =1b.

The mean gravity center locations as shown in Fig. 3
and Table 2 were all to the right from the midline. In
fact, the mean location over alil subjects (philanthropists
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Fig. 3 Locations of the brain's slectric gravily centers {mmeans
across subjects) during the spontaneous evaluation of the face
images. (A) Effect of subjective, affective evaluation categories:
liked and disliked face images. (B) Effect of affective attitudes:
philanthropists and misanthropists. (C) Combinations of
affective evaluation categories (liked and disliked face images)
and affective attitudes {philanthropists and misanthropists).
The frames (imagine a head seen from above, anterior is up)
illustrate an area near the vertex, around the sagittal midline
(heavy vertical line), extending from electrode pasition 5.6 to
5.8 on the anterior-posterior axis (vertical) and from position
4.8 to 5.2 on the left-right axis (horizontal), using the position
numbering of Fig. 2. Open circles (mean location across subjects
5,11,8.D. = 0.12; P = 0.001), liked faces; black dots = disliked
faces; star symbols = philanthropists; square symbols =
misanthropists.

and misanthropists) differed highly significantly from the
midline (P = 0.0004, d.f. = 16).

The results of the control condition for visual input
(the emotionally neutral, visual checkerboard-reversal
SHIHVY) 207 OS5 SVDETES SHOWED 2 SigmPrans displacemen’
of the locations of the electric gravity centers to the right
fraat the midlinte. Factier, these lacations evaked by the
control stimuli showed no significant differences from the
corresponding locations evoked by the mean of all liked
and disliked face image stimuli.

Extreme subjects

When we repeated the analysis using only the extreme
six misanthropic and six philanthropic subjects of ail 18,
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Table 2. Mean locations of the brain electric gravity centers; position numbering as in Fig. 2

A Affective Evaluation Categories
Disliked faces Liked faces Difference Vector®
L-R 5.11(0.10) 5.08(0.11) 0.034 0.038%*
A-P 5.67(0.13) 5.65(0.13) 0.016 ’
B Affective Attitudes
Misanthropists Philanthropists Difference Vector®
L-R 5.16(0.07) 5.05(0.10) 0.112 0. 13] %%+
A-P 5.71(0.14) 5.64(0.14) 0.068 )
C Affective Attitudes
Misanthropists Philanthropists Difference Vector®
Affective Disliked L-R 5.16(0.09) 5.06(0.07) 0.101 0.123%%x
evaluation A-P 5.70(0.12) 5.63(0.14) 0.071 ’
categories
Liked L-R 5.13(0.11) 5.03(0.10) 0.097 0.106**
A-P 5.67(0.14) 5.63(0.12) 0.043 ’
Difference L-R 0.036 0.032
A-P 0.031 0.002
Vector* 0.047* 0.032%*

(A) Effect of subjective, affective evaluation categories: liked and disliked face images. (B) Effect of affective attitudes: philanthropists
and misanthropists. (C) Combinations of affective evaluation categories and affective attitudes. ** Two-dimensional vector assessing
the differences of the electric gravity center location between * affective evaluation categories and between ® affective attitudes. L-R:
Left—Right axis, A-P: Anterior—Posterior axis; *** P < 0.01, **P < 0.05, *P < 0.1.

the differences between the electric gravity centers became
larger than with the dichotomization, as might be
expected. Again, a significant shift of the electric gravity
center in the right-posterior direction was observed when
extreme misanthropists were compared to extreme phil-
anthropists (the length of two-dimensional vector differ-
entiating the two subject groups increased from 0.112 to
0.163; the latter vector was greater than 0 at P = 0.007).
On the left—right axis, the mean location of the extreme
misanthropists was 5.17, whereas that of the extreme
philanthropists was 5.01.

Changes due to stimulus repetition

A first analysis of variance was performed on the vec-
tors differentiating between misanthropists and phil-
anthropists with “blocks™ as within-subject factor and
“affective attitude’ as between-subject factor. The 5x2
ANOVA revealed a significant main effect for affective
attitude (F(1,14) = 9.45, P = 0.003). Both the block main
effect as well as the interaction block x affective attitude
were not significant (P > 0.1). Post-hoc (-tests revealed
significant differences between misanthropists and phil-
anthropists in all 5 blocks (the vector differentiating the
two subject groups was always significantly greater than
0: block 1: 0.116, P = 0.04; 2: 0.134, P = 0.005; 3: 0.163,
P <0.000 1; 4: 0.168, P=0.004; 5: 0.107, P =0.04);
therefore, the electric gravity center was located more to

the right and more posterior for misanthropists compared
to philanthropists in all five experimental periods.

A second analysis of variance was performed on the
vectors differentiating between disliked and liked faces
with “blocks” and “‘affective evaluation category” as
within-subject factors. The 2 x 2 ANOVA showed a sig-
nificant main effect for affective evaluation category,
F(1,17)y =7.03, P=0.017. Again the main effect for
blocks and the interaction block x affective evaluation
category did not reach significance (P > 0.1). Post-hoc t-
tests showed that the electric gravity center was located
more to the right and more posterior for disliked com-
pared to liked faces in both experimental periods (the
vector differentiating the two category groups tended to
be greater than 0 in both blocks: block 1: 0.036, P = 0.1;
2: 0.042, P = 0.063). Repetition effects interacting with
face perception and emotional processing could, there-
fore, be excluded.

Discussion

In our study, the mean location of brain electric activity
evoked by the presentation of face images was con-
sistently related to the subjects’ later emotional evalu-
ation of the stimuli. To our knowledge, all previous work
on brain electric activity related to emotions and face
viewing was based on the comparison of amplitudes and
peak latencies of the brain electric field at specific elec-
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trode sites. This type of analysis allows no conclusive
interpretations in terms of location of active generators
because the source is located under the scalp location of
maximal amplitude only if it is oriented perpendicular to
the scalp surface [9]. The assumption of solely per-
pendicular orientation however is contradicted by sys-
tematic ERP studies on lateralized visual stimulation {10,
26] and by the possibility to perform MEG measurements
where only tangentially oriented sources can be detected.
The electric gravity center employed in the current study
is the most conservative estimate of the mean location of
all brain electric activity perpendicularly projected onto
the two-dimensional scalp surface; changes of its location
in a particular direction can thus directly and unam-
biguously be interpreted as shifts of neural activity in
that direction. Using this conclusive assessment of brain
electric source configuration, we found representations
both of the specific affective evaluation of single face
images and of the subject’s general affective attitude.

The chosen assessment of brain activity localization by
means of the electric gravity center is supported by the
commonly accepted notion that emotional processes are
likely to be implemented by the activity of widely dis-
tributed brain systems. In our results, this activity most
probably consists of activity in both hemispheres, because
the absolute differences between the electric gravity cen-
ters of subject groups and stimulus categories were rela-
tively small (but very reliable across subjects or cases)
and therefore, the respective, actively participating neural
elements presumably are in partially overlapping brain
areas. However, the results yielded the clear conclusion
that it is not the same neuronal population that is active
in “disliked vs liked”, or in “misanthropists vs phil-
anthropists” conditions. In other words, it is not just
more or less activity of the same neuronal population, but
itis the activities of at least partially different populations.
Further, all electric gravity centers were located right
from the midline. Hence, even though the analysis
method does not yield information on the extension of
the involved brain areas, there is no indication that the
opposing evaluations might have been generated exclus-
ively by right or left hemispheric mechanisms.

However, the right-displacement of the mean electric
activity in our results cannot serve as direct support for
a suspected right-hemisphere preponderance in the pro-
cessing of face information or of emotion information,
since the averaged map series of the control condition
that applied emotionally neutral, visual checkerboard-
reversal stimuli produced comparable right-displace-
ments. This general right lateralization might well be the
result of the visual modality used for stimulation. In fact,
when auditory input was used to induce emotions (verbal
suggestions during hypnosis: [31]), the EEG model sour-
ces significantly differentiating between positive (joy) and
negative emotions (sadness, fear, anger) were all located
in the left hemisphere; in this latter study, significant
differences between source locations occurred in the f
EEG frequency band and as in the present results, posi-

tive emotion associated activity was located more to the
left than the negative emotions-associated activity.

On the level of the affective category, i.e. on the sub-
ject’s personal liking or disliking of individual face
images, significant brain electric correlates of the subjects’
different affective preferences were present in the data:
The center of gravity of brain electric activity showed a
different location during negative compared to positive
emotional evaluation; a change to the right constituted
the main component of this difference. Apparently, and
as expected from large parts of the neuropsychological
literature [58], at least partially different neural popu-
lations with a left or right preponderance were active
when liked and disliked faces were seen.

Only a few ERP studies used face stimuli to distinguish
brain activity related to positive and negative emotional
evaluation and, to our knowledge, none of these studies
used adequate source model estimations. P300-differ-
ences were reported between negative and positive facial
expression [32]. Larger ERP amplitudes at right hemi-
sphere electrodes were found for emotionally negative
stimuli (faces deformed by dermatological diseases) com-
pared to neutral stimuli (normal faces), but significant
differences between stimulus condition were detectable
only after 510 msec [53]. Using an oddball paradigm, no
P300 differences between positive and negative faces were
observed, but only a modulation of the P300 effect at
right-centroparietal electrodes when emotional vs non-
emotional evaluation was required [34].

On the level of general, more positive or more negative
affective attitude of the subject towards all face images,
we found a neurophysiological basis of the individual
differences. These differences in affective attitude were
proposed to be intrinsic features of personality and tem-
perament [17, 33, 56, 62, 67], i.e. as dependent not on the
stimulus but on the state of the perceiver. Indeed, across
all more positive or more negative expressions of the face
images, our subjects showed remarkable differences in
their general affective attitudes towards the stimuli as
shown in Table 1, thus suggesting that the interaction
between perceiver and stimulus and not the configuration
of the stimulus per se was responsible for the observed
effects. In our results, the active neural populations had
significantly different localizations in subjects who gen-
erally showed positive affective attitude for the presented
faces compared to those who generally showed negative
affective attitude. In those subjects with generally nega-
tive affective attitude, the estimated mean source of the
brain electric field was shifted to the right, thus paralleling
the result of the specific affective evaluation of single
faces. We note that the differences between subject groups
and between affective evaluation categories were con-
sistent over sub-epochs during the data collection. More-
over, the shift to the right for misanthropists and to the
left for philanthropists was accentuated for both groups
when considering only the extreme subjects. Taken toge-
ther, the results support PET (positron-emission tom-
ography) findings of different cerebral blood flow during
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different mood states [21] and are in line with neu-
ropsychological and neurological studies where dis-
turbances of the processing of negative emotions were
associated with right-hemispheric impairments and
where positive emotions were disturbed more by left-
hemispheric impairments [4, 13, 19, 20, 40, 52, 57]. It also
confirms claims in earlier work on emotions and EEG
and ERPs, although conclusive evidence for changes of
location of active generators cannot be drawn from these
studies.

Some groups proposed that differences in tempera-
ment, affective reactivity and mood can be predicted by
individual differences of asymmetry at frontal [17, 62, 64,
67] or more distributed [28] electrode sites, thus advanc-
ing a biological substrate of affective style; in particular,
positive emotions and approach-related behaviour was
claimed to be associated with EEG effects on the left side,
negative emotions and withdrawal-related behaviour
with changes at the right side. Greater P300 amplitudes in
the odd-ball paradigm, differentiated strongly introverted
from strongly extroverted subjects, suggesting a higher
cortical arousal level for the introverts [68]. Individual
hemispheric differences of EEG « power were reported
as stable, task-independent and related to individual
differences in perceptual asymmetry assessed by visual
half-field stimulation [22]. In a pessimistic mood, subjects
showed differently localized N400 and P300 effects than
when in an optimistic mood [15].

In agreement with our results, affective decisions, i.e.
measures of preference, and cognitive decisions, i.¢. mea-
sures of accuracy were proposed to be differentially pro-
cessed by the two hemispheres [49]; for affective decisions,
both hemispheres reacted effectively to faces; presenting
them to the left hemisphere, they were more often liked;
presenting them to the right hemisphere, they were more
often disliked. This demonstrated a cercbral asymmetry,
but not a hemispheric dominance in making emotional
preference judgments [47, 48, 50]. However, this was only
the case when presenting the stimuli below the level of
conscious perception. On the other hand, accuracy of
cognitive decision displayed the well-known pattern of
right hemisphere advantage for the recognition of faces,
suggesting that “‘at later stages of processing . .. affective
decisions may be overridden by cognitive decisions” ([49],
p. 363).

In our experiment, lateral differences in brain activity
were found when the subjects merely looked passively at
the faces for 450 ms while they were not aware of the
emotion-related purpose of the study and were not
required to perform any specific task or to make any
conscious, affective decision. Event-related brain electric
field maps thus seem to be able to elucidate changes
of the spatial organization of brain activity that occur
covertly and spontaneously. Such changes might be dis-
torted or obscured when a task is imposed. More gener-
ally, the results of our study suggest that both
complementary and converging results are available from
different methods such as electrophysiology, neu-

ropsychology and more recently also positron-emission
tomography (PET), and may thus advance our knowl-
edge of the spatial organization of emotions in the human
brain.
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