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Electrical neuroimaging reveals early generator modulation

to emotional words
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Functional electrical neuroimaging investigated incidental emotional
word processing. Previous research suggests that the brain may
differentially respond to the emotional content of linguistic stimuli
pre-lexically (i.e., before distinguishing that these stimuli are words).
We investigated the spatiotemporal brain mechanisms of this
apparent paradox and in particular whether the initial differentiation
of emotional stimuli is marked by different brain generator
configurations using high-density, event-related potentials. Such
would support the existence of specific cerebral resources dedicated
to emotional word processing. A related issue concerns the possibility
of right-hemispheric specialization in the processing of emotional
stimuli. Thirteen healthy men performed a go/no-go lexical decision
task with bilateral word/non-word or non-word/non-word stimulus
pairs. Words included equal numbers of neutral and emotional
stimuli, but subjects made no explicit discrimination along this
dimension. Emotional words appearing in the right visual field
(ERVF) yielded the best overall performance, although the difference
between emotional and neutral words was larger for left than for
right visual field presentations. Electrophysiologically, ERVF presen-
tations were distinguished from all other conditions over the 100—140
ms period by a distinct scalp topography, indicative of different
intracranial generator configurations. A distributed linear source
estimation (LAURA) of this distinct scalp potential field revealed
bilateral lateral-occipital sources with a right hemisphere current
density maximum. These data support the existence of a specialized
brain network triggered by the emotional connotation of words at a
very early processing stage.
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Introduction

Investigations of the time course of visual perceptual processes
reveal that relatively high level functions may occur within the initial
approximately 150 ms following stimulus presentation. Such func-
tions include the rapid recognition and categorization of faces (e.g.,
Braeutigam et al., 2001; Halgren et al., 1994a; Landis et al., 1984;
Liu et al., 2002; Seeck et al., 1997; Pizzagalli et al., 1999, 2002), of
objects (e.g., Landis et al., 1984; Murray etal., 2002; Rousselet et al.,
2002), as well as words (see, e.g., Pulvermiiller, 1999, 2001 for
review). Typically, this early event-related potential (ERP) modula-
tion to words vs. non-words has been interpreted to reflect visual
perceptual processes related to lexical decision, with later modu-
lations (the early left anterior negativity: e.g., Friederici, 1997; and
N400: e.g., Brandeis etal., 1995; Kutas and Hillyard, 1980; Lavric et
al., 2001) thought to index response to their syntactic and semantic
attributes. More recently, however, response modulations have been
observed to such “post-lexical” attributes at latencies preceding that
typically associated with lexical decision, raising the possibility that
there may be linguistic features that are processed before (or in
parallel with) their lexical distinction—that is, pre-lexically. In
particular, early (before approximately 150 ms post-stimulus) ERP
effects have been observed as a function of words’ meaning (e.g.,
Pulvermiiller, 2001; Skrandies, 1998), class (see, e.g., Koenig and
Lehmann, 1996; Pulvermiiller, 1996, 2001 for review), syntax (e.g.,
Pulvermiiller, 2001), length (e.g., Assadollahi and Pulvermiiller,
2001), and emotional valence (Begleiter and Platz, 1969; Bernat et
al., 2001). However, interpretation of these latter studies of emo-
tional processes is limited by the fact that analyses only identified the
timing of ERP modulations.

Such early electrophysiological differences implicate that the
neural representation of words’ linguistic features can be selec-
tively activated at early processing stages. However, the precise
nature of these neural representations remains largely unresolved.
One possibility is that words of all varieties share a common brain
network, whose activity modulates in strength or latency with
different linguistic features. Alternatively, it may be the case that
words with particular linguistic features rapidly and selectively
access specialized brain networks that may be unevenly distributed
between the cerebral hemispheres.
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A large body of psychophysical and neuropsychological
literature provides some insights on these alternatives, particularly
concerning possible hemispheric specialization in language pro-
cesses. Such evidence has largely been gleaned from bilateral
hemifield presentations, which are believed to maximize hemi-
spheric independence (Boles, 1983; lacoboni and Zaidel, 1996;
McKeever and Hulling, 1971; Wey et al.,, 1993). On the one
hand, behavioral studies have repeatedly demonstrated that pre-
sentations of words to the right visual field (RVF) during a
lexical decision task result in faster and more accurate perfor-
mance than words presented to the left visual field (LVF), which
has been interpreted as reflecting the left hemisphere’s general
dominance in language functions (review Bryden, 1982; Graves
et al., 1981; Regard et al., 1985a,b,c; Pulvermiiller, 1999, 2001).
This proposition receives further support from functional neuro-
imaging investigations (e.g., Cohen et al., 2000). However,
parallel evidence would indicate that the right hemisphere also
subserves particular language functions. Despite global aphasia
resulting from lesions within the left hemisphere, emotional word
output is astonishingly intact in such patients during emotionally
stressful situations (Hughlings-Jackson, 1874, reprinted 1915).
Later studies have shown that aphasic patients with focal left
hemisphere damage have better performance in reading aloud and
writing emotional than neutral words (Borod, 1992; Borod et al.,
1992; Cicero et al., 1999; Landis et al., 1982, 1983). The
implication of these neuropsychological studies is that the right
hemisphere may play a specialized role in processing emotional
linguistic stimuli. More generally, these data raise the possibility
that there are cerebral resources dedicated (at least in part) to
emotional word processes.

Similar conclusions are also drawn from behavioral studies of
healthy individuals. When emotional words are shown during a
bilateral lexical decision paradigm, there is both an overall
advantage of emotional over neutral words, and an overall better
performance for emotional and neutral words in the RVF than the
LVE. However, there is also a particular advantage for LVF
presentations of emotional over neutral words in that emotional
words are recognized quite well, while neutral word detection is
at chance level (Graves et al., 1981; Strauss, 1983). Moreover,
when the same emotional and neutral words were presented to
aphasic patients (Landis et al., 1982), and to healthy control
subjects (Graves et al., 1981), there was a highly significant
correlation between the LVF performance in controls and that of
aphasic patients, while there was no significant correlation
between in the case of RVF performance (Goodglass et al.,
1980). These results might indicate that both hemispheres detect
lexical meaning, but that for the left hemisphere emotional tone
plays a minor role, while for the right hemisphere emotional tone
is a major prerequisite to access lexical decision. More generally,
these results suggest that two different “reading strategies” are at
work in the two hemispheres, probably in parallel. The first is the
overall specialization of the left hemisphere in language func-
tions. The second is the specialization of the right hemisphere in
emotional processing (e.g., Benson and Zaidel, 1985; Borod,
1992; Borod et al., 1992; Ladavas et al., 1984; Landis et al.,
1990; Ledoux, 1995; Rolls, 1995).

The aim of the present study was to identify the spatiotemporal
dynamics of incidental emotional word processing. To do this, we
applied functional electrical neuroimaging techniques during com-
pletion of a go/no-go lexical decision task comprised of bilateral
presentations of letter strings.

Statistical analyses sensitive to topographic strength and con-
figuration changes in the scalp electric field were conducted on the
ERPs in response to emotional and neutral words appearing in each
visual field. These analyses revealed if and when there were
periods of stable scalp topography and periods when different
scalp topographies accounted for specific experimental conditions.
Since topographic changes are indicative of alterations in the
configuration of the underlying cerebral generators (see, e.g.,
Fender, 1987; Lehmann, 1987), these analyses provide a means
for the statistical assessment of when different experimental con-
ditions engage distinct brain networks. In addition, the LAURA
(Grave de Peralta et al., 2001) distributed source localization
method was applied to the topographic configurations identified
in the ERPs across conditions to define both the common and
differential brain areas activated over time.

Materials and methods
Subjects

Thirteen healthy Caucasian men, aged 18—36 years (mean 26
years), provided written consent and were paid to participate in the
experiment, which was approved by the Medical Ethics Committee
at the University Hospital of Geneva. All were right-handed
(Edinburgh Inventory; Oldfield, 1971), native French speakers,
with normal or corrected-to-normal vision and no neurological or
psychiatric illnesses. All participants were graduate or medical
students at the University of Geneva.

The rationale to restrict our study sample to male participants
was to avoid obscuring sex differences in brain responses, which
are likely to occur when using the present (Graves et al., 1981) or
related (Haussman and Giintlirkiin, 2000; Heister et al., 1989)
paradigms. Moreover, the possible impact of hormonal fluctuations
in women on lateralized functioning remains yet to be fully
resolved (see, e.g., Hampson and Kimura, 1988; Haussman and
Giintiirkiin, 2000; Heister et al., 1989, for discussion).

Stimuli and procedure

The 112 letter-string stimuli (four to seven characters long)
included eight emotional French abstract nouns (of both positive
and negative valence, refer to word list in Table 1), eight French
neutral abstract nouns, a set of 48 pronounceable non-words
(following the same consonant—vowel structure as words), and
another set of 48 pronounceable non-words (each non-word was
created according to the same consonant—vowel structure as its
associated contralaterally presented non-word constituting 24 non-
word/non-word pairs). The first 48 non-words were used to create
word/non-word pairs. Since words were repeated three times per
block, a different non-word was presented for each word/non-word
pair. Word selection was done in the following way. To ensure that
neutral and emotional words were all of high frequency of usage,
215 words were selected from the table of French words (Content
et al., 1990). Thirty volunteers, comprised of nurses and medical
doctors from the University of Geneva Hospital and who did not
participate in the EEG experiment, then rated each word’s emo-
tional content on a scale from 0 to 7 (0 = unemotional; 7 = very
emotional). The eight words with the highest and lowest ratings
were used in the EEG experiment (see Table 1). The selected
emotional and neutral words had a mean usage frequency of 186
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Table 1
List of the eight neutral and eight emotional French words used during the
lexical decision task

Neutral words Emotional words

actuel (actual)
bout (end)
cause (cause)
chose (thing)
fait (fact)
ligne (line)
sorte (sort)
truc (trick)

colere (anger)
espoir (hope)
joie (joy)

mort (death)
plaisir (pleasure)
réve (dream)
sexe (sex)

viol (rape)

Their English translation is provided in parentheses.

and 226 occurrences per million words, respectively. No significant
difference in word frequency existed between the emotional and
non-emotional words [t7, = —0.14; P = 0.89; paired ¢ test].
Subjects participating in the EEG experiment were not informed
about the emotional content of the stimuli.

Letter-strings were presented in pairs—one on either side of
central fixation (spanning approximately 2—5° eccentricity) in the
left or right visual field (LVF and RVEF, respectively). Words,
when present, were always paired with non-words and could
appear randomly on either side of fixation, but with equal overall
likelihood across the experiment. Each word appeared three times
in each visual field per block of trials. The order of experimental
trials was pseudorandom. No more than three consecutive trials
with the same word type appeared in the same visual field.
Stimuli appeared white on black for 13 ms, which was confirmed
by photocell measurements (E-prime Psychology Software Tools
Inc., Pittsburgh, USA) on a computer monitor located 140 cm
from the subject, whose head position was stabilized in a chin
rest. For each trial, subjects were instructed to centrally fixate and
judge whether a word was present and, if so, on which side it
appeared. That is, if they believed a word was presented, they
pressed a button as quickly as possible with their index finger of
the hand on the same side of the fixation cross as the word (e.g.,
right hand for RVF presentations; Fig. 1A). Catch trials involved
presentation of two non-words and required no button-press.
Subjects were not explicitly asked to judge the emotional tone
of the words. However, for analysis purposes, conditions con-
taining words were further and equally subdivided into those
containing emotional or neutral words. This resulted in four
experimental conditions: emotional words presented in the RVF
or LVF (hereafter ERVF and ELVF, respectively) and neutral
words presented in the RVF or LVF (hereafter NRVF and NLVF,
respectively). The interstimulus interval varied randomly from
1500 to 2000 ms. Subjects completed five blocks, each contain-
ing 120 trials. As such, each subject’s participation required
approximately 40 min, including time for electrode cap applica-
tion and clean up. Before inclusion in this study, potential
subjects completed a training session comprised of a shortened
version of the five blocks of stimuli described above, but with
different word and non-word stimuli. Inclusion in the experiment
required a minimum of 50% accuracy on each condition. The 13
subjects described herein all met this criterion.

Mean reaction time and percentage of correct responses from
the five experimental blocks were calculated for each subject and
condition and were submitted to an ANOVA with stimulus class
(emotional vs. neutral) and visual field of the word (left vs. right)

as within-subject factors. Moreover, to account for the previously
reported emotional word advantage between visual fields (Graves
et al., 1981), we calculated a conventional laterality index score
(Marshall et al.,, 1975) for percentage of correct responses for
each visual field separately (emotional words — neutral words) /
(emotional words + neutral words). Thus, positive values indicate
an emotional word advantage and negative values a neutral word
advantage. The laterality index scores for each visual field were
compared using a paired ¢ test.

EEG acquisition and analysis
Continuous EEG was acquired with a Geodesics Netamps
system (Electrical Geodesics, Inc., USA) from 123 scalp electro-

des (impedances <50 k{); vertex reference; 500-Hz digitization;
band-pass filtered 0.1-200 Hz) as subjects sat in a darkened,
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Fig. 1. (A) Experimental paradigm. Letter-string stimuli were presented
bilaterally for 13 ms as subjects centrally fixated. Their task was to indicate
if either letter-string constituted a French word and, if so, to press the button
with the index finger of the hand on the same side as the word. They were
instructed to withhold responses on trials not containing words in either
visual field. High-density EEG was acquired during performance of this
task, and the montage is displayed in the inset. Further details of the
experimental procedure can be found in Materials and methods. (B)
Behavioral results. Mean (SEM shown) percentage correct (left) and
reaction time in milliseconds (right) for each of the four experimental
conditions is shown according to the visual field where the word appeared.
Solid bars display results from trials containing emotional words, and
striped bars those from neutral words. The gray line in the plot of accuracy
indicates chance level (= 40%). Both performance measures indicate an
advantage for RVF presentations as well as for emotional words (see
Results for full details).
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electrically shielded booth. Epochs of EEG (from 0 to 600 ms
post-stimulus onset) from trials yielding correct responses were
averaged for each of the four experimental conditions and from
each subject to calculate the event-related potential (ERP). In
addition to the rejection of sweeps where any channel exceeded
the amplitude of 100 pV, the data were visually inspected to
reject epochs with blinks, eye movements, or other sources of
transient noise. The mean number of accepted epochs per
condition was 68 for ERVE, 50 for ELVF, 59 for NRVF, and
30 for NLVFE.

For each subject’s ERPs, the electrodes on the outermost
circumference (chin and neck) as well as other artifact channels
were excluded and interpolated to a standard 111-channel electrode
array (two-dimensional spherical spline; Perrin et al., 1987). ERPs
were band-pass filtered (1-30 Hz), recalculated against the aver-
age reference, and normalized to their mean global field power
(GFP; Lehmann and Skrandies, 1980) before group averaging.
This measure is equivalent to the spatial standard deviation of the
scalp electric field, yields larger values for stronger electric fields,
and is calculated as the square root of the mean of the squared
value recorded at each electrode (vs. the average reference).

Based on the electrophysiological evidence for early differences
in word categorization (e.g., Bernat et al., 2001; Koenig and
Lehmann, 1996; Pulvermiiller, 2001), we restricted our analyses
to the initial 250 ms post-stimulus period in terms of the spatio-
temporal characteristics of the global electric field on the scalp
(maps). The topography (i.e., the spatial configuration of these
maps) was compared over time within and between conditions.
Changes in the map configuration are indicative of differences in
the active neuronal populations in the brain (e.g., Fender, 1987;
Lehmann, 1987). This analysis approach has been used in several
previous studies both from our laboratory (see, e.g., Michel et al.,
1999, 2001 for reviews; Ducommun et al., 2002; Morand et al.,
2000) as well as from those of others (e.g., Brandeis and Lehmann,
1989; Koenig and Lehmann, 1996; Koenig et al., 2002; Lavric et
al., 2001; Pizzagalli et al., 2000, 2002). The method applied here
consisted of the following steps.

First, a spatial cluster analysis (Pascual-Marqui et al., 1995)
identified the most dominant scalp topographies appearing in the
group-averaged ERPs from each condition over time. This
approach is based on the observation that scalp topographies do
not change randomly, but rather remain for a period of time in a
certain configuration and then switch to a new stable configura-
tion (e.g., Lehmann, 1987; Michel et al., 1999, 2001 for reviews).
We further applied the constraint that a given scalp topography
must be observed for at least five consecutive data points (>10
ms at a 500-Hz digitization rate) in the group averaged data. This
criterion is effectively similar to that frequently applied in the
analysis of ERP waveform modulations (e.g., Picton et al., 2000).
From such pattern analysis, it is possible to summarize ERP data
by a limited number of scalp potential fields, which we refer to
here as ‘“‘segmentation maps”. Each such segmentation map is
thought to represent a given “functional microstate” of the brain
or a given computational step during information processing
(Lehmann, 1987; Michel et al., 1999, 2001 for reviews). This
method is independent of the reference electrode and is insensi-
tive to amplitude modulation of the same scalp potential field
across conditions, since topographies of normalized maps are
compared (Lehmann, 1987). The optimal number of segmentation
maps that explains the whole group-averaged data set (i.e., the
group-averaged ERPs from all four experimental conditions,

collectively) is determined by a modified cross-validation criteri-
on (Pascual-Marqui et al., 1995).

Second, the appearance and sequence of the segmentation
maps identified in the group-averaged data was statistically
verified in the ERPs of the individual subjects. To do this, each
segmentation map was compared with the moment-by-moment
scalp topography of the individual subjects’ ERPs from each
condition by strength-independent spatial correlation (see, e.g.,
Michel et al., 2001 for review). That is, for each time point of the
individual subject’s ERPs (note that the 10-ms criterion was not
applied to the individual subject data), the scalp topography was
compared to all segmentation maps and was labeled according to
the one with which it best correlated. From this “fitting”
procedure, we determined the onset and offset as well as the
total amount of time a given topography was observed for a
given condition across subjects (e.g., Brandeis et al., 1992).
These latter values, which represent the frequency with which a
given segmentation map was observed within a given time period
for each experimental condition, were then subjected to a
repeated measures ANOVA. It is important to note that this
labeling procedure is not exclusive, such that a given period of
the ERP for a given subject and stimulus condition is often
labeled with multiple segmentation maps. As such, the results of
the labeling reveal if the ERP from a given experimental
condition is more often described by one segmentation map vs.
another, and therefore if different generator configurations better
account for particular experimental conditions. If the processing
of emotional stimuli relies on a distinct cortical network, this
analysis should reveal that different scalp topographies explain
the ERPs to the different word classes.

Source estimation

As a final step, we estimated the sources in the brain that gave
rise to each of the segmentation maps, using a distributed linear
inverse solution. The inverse matrices applied here were based on a
Local Auto-Regressive Average (LAURA) model of the unknown
current density in the brain (Grave de Peralta et al., 2001). This
linear distributed inverse solution selects the source configuration
that better mimics the biophysical behavior of electric vector fields.
That is, the estimated activity at one point depends on the activity
at neighboring points according to electromagnetic laws. Since
LAURA belongs to the class of distributed inverse solutions, it is
capable of dealing with multiple simultaneously active sources of a
priori unknown location. This solution increases the amount of
sources with zero localization error while reducing the maximum
error when compared with other available inverse solutions (Grave
de Peralta and Gonzalez Andino, 2002). The lead field (solution
space) was calculated on a realistic head model that included 4024
nodes, selected from a 6 X 6 X 6 mm grid equally distributed
within the gray matter of the average brain provided by the
Montreal Neurological Institute (MNI). Source estimations are
rendered on a brain supplied by MRIcro (Rorden and Brett,
2000). Transformation between the MNI coordinate system and
that of Talairach and Tournoux was performed using the MNI2TAL
formula (available at , www.mrc-cbu.cam.ac.uk/imaging) devised
by Matthew Brett (Medical Research Council Cognition and Brain
Sciences Unit, Cambridge, UK). It is important to note that these
estimations provided visualization of the likely underlying sources
of each segmentation map and, in contrast to the derivation of the
segmentation maps, do not represent a statistical analysis.
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Results
Behavioral results

Fig. 1B displays mean accuracy and reaction time data from
each of the four experimental conditions requiring responses.
These values were submitted to an ANOVA using word class
(emotional, neutral) and word location (LVF, RVF) as within-
subjects factors. The analysis of subject’s accuracy revealed
significant main effects of word class [F(; 12 = 39.88; P <
0.0001; emotional > neutral: 77 + 17% > 58 + 10%] and word
location [ Fy 12y = 55.14; P < 0.0001; RVF > LVF: 81 + 7% > 55
+ 14%], indicating that subjects performed better with emotional
words and with words appearing in the RVF. There was also a
significant interaction between these factors [ Fi; 1) = 13.73; P <
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0.003], indicating that lexical decisions with neutral words were
more affected by word position than those with emotional words.
Post hoc comparisons (Bonferroni corrected) revealed that perfor-
mance with neutral words presented to the LVF was lowest (at
chance level) as compared to performance with neutral words
presented to the RVF (P < 0.0001) and emotional words presented
to the LVF (P < 0.0001; see Fig. 1B). Moreover, performance with
emotional words presented to the RVF was highest as compared to
performance with neutral words presented to the RVF (P = 0.001,
see in Fig. 1B) and emotional words presented to the LVF (P <
0.0001, see * in Fig. 1B). The paired ¢ test on the laterality index
score confirmed previous observations (Graves et al., 1981) that
the “emotional word advantage” was significantly larger for LVF
(0.23 + 0.10) than for RVF (0.08 % 0.07) presentations [f2) =
—4.94, P = 0.0003].

Superimposed ERPs

2 Emotional RVF

Neutral RVF

0 25 50 75 100 125 150 175 200 225 250msec

B. Topographic Pattern Analysis
-
Map3
\!/ ’ - -
Map1 Map4
& -0.18 E—3 0.18uV
Map2
Condition Map1 Maps2/3 Map4 Map5
Emotional
RVF 0-104 106-140 142-206
Neutral RVF 0-98 100-144 146-206
Emotional
LVE 0-102 104-146 148-204
Neutral LVF 0-100 102-146 148-204

Fig. 2. Electrophysiological results. (A) Group-averaged (N = 13) event-related potentials are shown for each experimental condition superimposed across scalp
electrodes. Colored sections indicate the segmentation map that best correlated with each data point in the group-averaged data. (B) The segmentation maps
revealed by the topographic pattern analysis across the group-averaged ERPs of all four experimental conditions are shown on the left side. Maps are plotted
with the nasion upward and right ear on the right side (scale indicated). Those segmentation maps framed in shades of gray were common to all conditions,
whereas those framed in orange or yellow dominated particular conditions. The time period over which each segmentation map was observed in the group-
averaged data is listed in the table and is also displayed with the same color scheme in A.
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Analysis of reaction times yielded significant main effects of
both word class [F(j12) = 101.44; P < 0.0001: neutral >
emotional: 606.04 + 109.11 > 564.58 + 101.34] and word
location [ F(; 12 = 19.36; P < 0.0009: LVF > RVF: 623.88 +
119.56 > 546.73 + 106.62]. However, the interaction between
these factors did not reach our significance criterion [ F(; 12 =
1.21; P > 0.05]. Thus, irrespective of the visual field of stimulus
presentation, emotional words were detected faster than neutral
words.

Electrophysiological results

The group-averaged ERPs from the four conditions containing
words in either visual field and yielding correct responses are
shown in Fig. 2A with traces across scalp sites superimposed.
Archetypal ERP components (e.g., P1 and N1) are readily ob-
served for each condition. Since our primary objective was to
determine if the initial differentiation of emotional word stimuli is
marked by a change in the brain’s generator configuration, we
submitted the initial 250 ms of the ERP from these conditions to
tests of the scalp electric field.

This pattern analysis (see Materials and methods for details)
revealed that five different scalp topographies (segmentation maps)
optimally described the cumulative 250 ms post-stimulus periods
across all four conditions. These were labeled as Maps 1-5 (Fig.
2C). While most of these segmentation maps were observed in the
group-averaged ERPs of all conditions, one was observed in one
condition and not the others over the approximately 100—140 ms
period (Fig. 2). That is, Map 3 was observed in the case of
emotional words presented in the RVF, whereas Map 2 was
observed for all other stimulus conditions. To statistically test this
observation in the group-averaged data, the appearance of these
segmentation maps was quantified in the ERPs of the individual
subjects using a strength-independent spatial correlation fitting

procedure, wherein each time point of each subject’s ERP was
labeled with the segmentation map with which it best correlated.
From this fitting procedure, we determined the total amount of time
a given topography was observed in a given condition across
subjects (Fig. 2C, inset table and Fig. 3). These values from the
100 to 140 ms period were subjected to a 4 X 2 repeated measures
ANOVA using experimental condition and segmentation map as
within-subject factors. Neither main effect reached our significance
criterion. Critically, the interaction between factors of experimental
condition and segmentation map was significant [ F3 36 = 9.02;
P < 0.00015], indicating that some experimental conditions were
better represented by Map 2 and other conditions by Map 3.
Follow-up comparisons (paired ¢ tests) confirmed the observa-
tions in the group-averaged data (asterisks in Fig. 3, left), and
indicate that Map 3 was significantly more often observed in the
case of ERVF than any of the other three experimental con-
ditions and conversely that Map 2 was significantly less often
observed in the case of ERVF than any of the other three
experimental conditions. Thus, we observe a change in the scalp
field configuration that corresponds with the behavioral advan-
tage found for the ERVF condition. No differences were
observed in the frequency of map presence among these other
three experimental conditions. As such, the chance level perfor-
mance for the NLVF condition failed to yield a corresponding
scalp electric field modulation over the initial 250-ms period.
The analyses thus far indicate that presentation of emotional
words to the RVF result both in enhanced performance as well as
in a distinct scalp topography over the approximately 100—140
ms period. Since different topographic configurations are indic-
ative of different brain generator configurations, we applied the
LAURA (Grave de Peralta et al., 2001) distributed linear inverse
solution estimation algorithm to visualize the brain sources
underlying Map 3 and Map 2 (Fig. 3, right). This source
estimation reveals bilateral lateral-occipital sources for Map 3

Frequency of Map Presence and LAURA Source Estimation

45

Z—2 Neutral LVF 1 Neutral RVF
mEmm Emotional LVF s Emotional RVF

40

354

30+

254

Map 3: Emotional words in the RVF > All other conditions

204

Time observed over fit range (msec)

Map2 Map3

Fig. 3. Frequency of map presence and LAURA source estimation. The bar graph depicts the results of the fitting procedure for Map 2 and Map 3 over the
100—140 ms period, which indicates the frequency that each of these segmentation maps was observed in each experimental condition. Asterisks indicate that
one segmentation map (Map 3) better represented responses to emotional words presented in the RVF, whereas a different segmentation map (Map 2) better
represented all other conditions. Cortical sources associated with each of these segmentation maps were estimated using LAURA (Grave de Peralta et al., 2001)
and are rendered on the average brain supplied by MRIcro as shown from the left, back, and right. Talairach and Tournoux (1988) coordinates of the current

density maximum are detailed in Results.
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as well as Map 2. However, there is a striking visual difference
between these inverse solution estimations in the laterality of
these sources’ strengths. The current density maximum for Map 3
was in the right hemisphere (x, y, z = 35, —82, —6 mm), whereas
that for Map 2 was in the left hemisphere (—36, —82, —6 mm;
Talairach and Tournoux, 1988).

Discussion

This study elucidates the spatiotemporal dynamics of incidental
emotional word discrimination following brief presentation of
bilateral letter strings. We provide evidence supporting a distinct
cortical mechanism for the treatment of emotional words. The
behavioral data indicate two ways in which subjects treated emo-
tional word stimuli distinctly. First, there was an overall advantage
for emotional words over neutral words. Second, this emotional
word advantage was much bigger in the case of LVF presentations.
This advantage is due to a drop at chance level in accuracy of
neutral word detection when presented to the LVF. This suggests
that words presented to the LVF (right hemisphere) are detected
predominantly when they have an emotional connotation, whereas
emotional and neutral words are both detected when presented to
RVF (left hemisphere). These behavioral data support the notion
that there are different reading processes activated when words are
entering the left and right visual cortex, respectively.

The electrophysiological data provide further, complementary
support. Over the 100—140 ms post-stimulus period, a distinct
scalp topography (Map 3) better characterized the ERPs in re-
sponse to ERVF relative to all other experimental conditions,
which were characterized instead by a different scalp topography
(Map 2). Since different scalp topographies are indicative of
changes in the underlying generator configuration, we applied
the LAURA distributed linear source estimation to these distinct
topographies. The scalp topography that better characterized
responses to ERVF (Map 3) yielded bilateral lateral-occipital
sources with a right hemisphere current density maximum, whereas
the scalp topography predominating all other conditions (Map 2)
yielded similar sources with a left hemisphere current density
maximum. These collective observations support a model of
(emotional) word processing that includes a network within the
right hemisphere that can be selectively activated at early stages of
visual processing when emotional words have been projected to the
contralateral hemisphere (RVF presentation).

At just 100—140 ms, a distinct scalp topography was evident
between ERVF and all other experimental conditions, indicative of
an intracranial generator configuration that better describes
responses to these stimuli than to all others. Two observations in
this data set attest to the specificity of this effect. The first is the
parallel pattern observed in subjects’ performance, wherein
responses to emotional words were best for ERVF relative to all
other conditions. Second, and more critically, no other electro-
physiological difference was observed over the initial 250 ms post-
stimulus epoch. Moreover, the LAURA inverse solution localized
this selective scalp topography to bilateral regions of the visual
cortex, including the lateral-occipital complex (LOC; e.g., Malach
et al., 1995; Murray et al., 2002), with a right hemisphere current
density maximum.

This localization would support previous claims that the right
hemisphere plays an integral role in emotional word processing
(e.g., Borod et al., 1992; Graves et al., 1981), albeit these claims

would also implicate that the right hemisphere plays a specific role
in ELVF. Although enhanced treatment of these stimuli (vs. their
neutral counterparts) was observed behaviorally, the electrophysi-
ological data provide no indication of differential processing of
these stimuli over the initial 250 ms post-stimulus onset. Whereas
some hemodynamic neuroimaging studies of emotional processing
(e.g., Crosson et al., 2002; Maddock et al., 2003) have demon-
strated significant activity either in the anterior frontal or medial-
limbic cortices lobe in emotional word processing, the present
selective topography did not reveal such sources. We would note,
however, that such does not preclude their selective activation at
later time periods. Nonetheless, under the conditions of the present
paradigm, there is apparently functional specialization in the form
of a distinct generator configuration for the processing of emo-
tional words appearing in the RVF.

Despite this evidence for functional specialization, neither the
specificity of this topographic difference for ERVF condition nor
the observed loci of current density maxima in the inverse
solution estimation can be readily explained by a single, simple
mechanism of hemispheric specialization. Rather, the specificity
of this effect invokes the combination of one mechanism spe-
cialized for language processes, which previous research would
lateralize to the left hemisphere, and a second specialized for the
processing of emotional content, which is hypothesized to be
lateralized to the right hemisphere. Thus, even in an overly
simplified model as the above, interhemispheric interactions
would be required to account for both the specificity as well as
the right-hemisphere laterality of the responses to ERVF stimuli.
However, we would emphasize that this proposed interhemispher-
ic sharing of lexical resources is earliest for emotional words in
the RVF vs. all other conditions, and not necessarily exclusive at
later times. Within such a framework, direct-projection to the left
and language-dominant hemisphere would facilitate “coarse”
reading of emotional stimuli by selectively activating an inter-
hemispheric pathway specialized for emotional word processing.
By extension, then, emotional word processing would rely on a
specialized bilateral network.

In agreement, recent modeling of cortical language representa-
tion has applied Hebbian principles (see Pulvermiiller, 1996, 1999,
2001 for review) to posit that words’ representations may be
segregated throughout cerebral hemispheres by their “conceptual
structure” (see Pulvermiiller, 1996, 2001). This structure is consid-
ered to include not only words’ visual forms, but also their mean-
ings, sounds, and related memories. Of importance for the
interpretation of the present results, this model and the data at its
foundation would suggest that various classes of words have
differentially distributed neural representations. The emotional vs.
neutral distinction evaluated in the present study would thus
constitute another instantiation of this model’s predictions, in that
we provide evidence for topographically distinct neural representa-
tions of these different word classes. In addition, we demonstrate
how the spatial location of word stimuli influences at an early
latency the time course, and perhaps also the spatiotemporal
mechanism, by which the neural representations of particular word
classes are activated.

Indeed, the time frame for the activation of a specialized
cortical network in emotional word processing is of particular
importance for the conceptualization of linguistic processes. Here,
we show that already at approximately 100—140 ms post-stimulus
onset there is discrimination of the letter-string stimuli according to
their emotional content. This timing is earlier than that typically
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ascribed to the discrimination of words from non-words (see, e.g.,
Allison et al., 1994; Halgren et al., 1994a,b; Nobre et al., 1994;
Pulvermiiller, 1999, 2001 for review). However, we are hesitant to
interpret the present findings as evidence of “pre-lexical” reading
abilities for emotional stimuli, particularly since recent electro-
physiological studies have suggested that information about word’s
meaning can be accessed near-simultaneously with information
about its form, reporting response modulations at similar latencies
to those observed here (Begleiter and Platz, 1969; Pulvermiiller,
2001; Skrandies, 1998 for review; but see Windmann et al., 2002).
This timing is in accordance with recent studies showing rapid
visual categorization within the initial approximately 150 ms post-
stimulus onset (e.g., Landis et al., 1984; Murray et al., 2002;
Rousselet et al., 2002). It may thus be the case that like faces (e.g.,
Braeutigam et al., 2001; Eger et al., 2003; Kanwisher et al., 1997;
Landis et al., 1984; Liu et al., 2002; Seeck et al., 1997) emotional
words, although used with equal frequency as neutral words,
constitute a specialized form representation. '

In summary, the present study provides evidence for a special-
ized cortical network (vis a vis a distinct scalp topography)
facilitating emotional word processing when such stimuli were
presented to the RVF. This may reflect the existence of a special-
ized reading mechanism/strategy, engaging not only the language-
dominant system, but also “emotion-dedicated” networks that
likely involve the right hemisphere in parallel. This notion, namely
that sensory—cognitive functions are subserved by networks
throughout rather than discrete regions within the brain, is sup-
ported by both anatomical (e.g., Felleman and Van Essen, 1991)
and functional data (e.g., Kim et al., 2001; Pulvermiiller, 1996,
1999, 2001). We propose that the present behavioral facilitation
and specific electrophysiological effect at just 100 ms are most
parsimoniously explained as the rapid activation of neural repre-
sentations—mnemonic templates—for emotional word stimuli,
rather than pre-lexical semantic processes per se (Pulvermiiller,
1996, 1999, 2001). A similar proposition has recently been applied
to the rapid discrimination of face stimuli (Mouchetant-Rostaing et
al., 2000), where the authors raise the possibility of more direct
neural pathways/networks for stimuli with strong behavioral sig-
nificance or associated memories/actions (see also Pulvelmiiller et
al., 2001). In using the term, ‘mnemonic template’, we wish to
highlight the likely influence of learned associations and past
experiences on the rapid processing and discrimination of incom-
ing sensory stimuli.
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