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Time course and task dependence of
emotion effects in word processing
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The emotional content of stimuli influences cognitive performance. In two experiments, we investigated the
time course and mechanisms of emotional influences on visual word processing in various tasks by recording
event-related brain potentials (ERPs). The stimuli were verbs of positive, negative, and neutral valence. In Ex-
periment 1, where lexical decisions had to be performed on single verbs, both positive and negative verbs were
processed more quickly than neutral verbs and elicited a distinct ERP component, starting around 370 msec. In
Experiment 2, the verbs were embedded in a semantic context provided by single nouns. Likewise, structural,
lexical, and semantic decisions for positive verbs were accelerated, and an ERP effect with a scalp distribution
comparable to that in Experiment 1 now started about 200 msec earlier. These effects may signal an automatic
allocation of attentional resources to emotionally arousing words, since they were not modulated by different
task demands. In contrast, a later ERP effect of emotion was restricted to lexical and semantic decisions and,
thus, appears to indicate more elaborated, task-dependent processing of emotional words.

A lot of reading is done for pleasure or excitement. Yet,
although much is known about the reading process itself,
only a little information is available about the impact of
emotional content on reading. Thus, one would like to
know when in time or, more precisely, at which stage of
word processing emotion effects are functionally local-
ized. The present study addressed this question in two
experiments, employing the high temporal resolution of
event-related brain potentials (ERPs).

Several studies have shown facilitated performance for
emotional stimuli, as compared with neutral ones, ranging
from simple detection tasks to memory retrieval (e.g., Ca-
hill et al., 1998; Dahl, 2001; Dijksterhuis & Aarts, 2003;
Hamann, Ely, Grafton, & Kilts, 1999). Many authors have
explained such advantages of emotionally meaningful
stimuli by their intrinsic relevance or salience (e.g., Lang,
Bradley, & Cuthbert, 1997), which attracts attention and
prompts the allocation of further processing resources
(e.g., Pessoa, Kastner, & Ungerleider, 2002; Schupp,
Junghofer, Weike, & Hamm, 2004; Vuilleumier, 2005).
This assumption is in line with electrophysiological stud-
ies showing enhanced cortical responses to emotional pic-
tures, as compared with neutral ones. Two emotion-related
ERP components, distinguished by their time course and
scalp topography, have been suggested to reflect distinct
stages of emotion processing: the early posterior nega-
tivity (EPN; e.g., Junghdfer, Bradley, Elbert, & Lang,
2001; Schupp, Hamm, & Weike, 2003) and the late posi-
tive complex (LPC; e.g., Cuthbert, Schupp, Bradley, Bir-
baumer, & Lang, 2000; Schupp et al., 2000). The EPN is a
negativity at temporo-occipital electrode sites around 200
and 320 msec, which increases in amplitude to emotional

pictures (e.g., Schupp et al., 2003). On the basis of its
similarity to ERP components elicited by voluntary ori-
entation of attention, the EPN is suggested to result from
reflex-like visual attention, facilitating sensory encoding
processes, and to reflect a transitory phase in which task-
relevant stimuli are selected for further, more elaborate
processing (see Potts & Tucker, 2001).

Elaborate processing of emotional stimuli is presum-
ably reflected in the LPC. Augmented LPC amplitudes
have been shown for emotionally arousing pictures of both
positive and negative valence, as compared with neutral
pictures (e.g., Cuthbert et al., 2000; Schupp et al., 2000;
Schupp etal.,2003; Schupp etal.,2004). The LPC typically
develops in the time range of the P300 component—that
is, around 300 msec—and lasts for several hundred mil-
liseconds. Since the effect of positive emotional valence is
similar, sometimes even larger as compared with negative
valence, this effect is interpreted as being due to the emo-
tional stimuli’s increased motivational significance and
arousal value (Kayser et al., 1997; Schupp et al., 2000).
The P300 to nonemotional stimuli increases when the
eliciting stimulus is attended (e.g., Johnson, 1988), infre-
quent, or task relevant (e.g., Picton & Hillyard, 1988) and
may, therefore, reflect processes of stimulus evaluation
and memory updating (for reviews, see Bashore & van der
Molen, 1991; Polich, 2007). Given that processes similar
to those in the P300 are reflected in the LPC, one may
suggest that increased LPCs to emotional stimuli are due
to continued perceptual analysis initiated by their higher
intrinsic relevance.

Effects of emotion have been demonstrated in visual
word processing, eliciting both EPN modulations (e.g.,
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Herbert, Junghofer, & Kissler, 2008; Kissler, Herbert,
Peyk, & Junghofer, 2007; Kissler, Herbert, Winkler, &
Junghofer, 2009; see Kissler, Assadolahi, & Herbert,
2006, for a review of heterogeneous evidence of early
effects) and LPC modulations (e.g., Fischler & Bradley,
2006; Herbert, Kissler, Junghofer, Peyk, & Rockstroh,
2006; Naumann, Bartussek, Diedrich, & Laufer, 1992;
Naumann, Maier, Diedrich, Becker, & Bartussek, 1997).
Since these effects were found even in silent reading tasks,
which do not require any overt decisions on the words,
the emotional valence of a word may be processed auto-
matically. At variance with this automaticity hypothesis,
there is some evidence that emotional LPC effects can
be modulated by different task requirements, indicating
that emotional effects in word processing increase as
more semantic information has to be activated for suc-
cessful task performance (e.g., Fischler & Bradley, 2006;
Naumann et al., 1992; Naumann et al., 1997). This is in
line with task-dependent modulations of LPC amplitude
in affective picture processing. For instance, Diedrich,
Naumann, Maier, Becker, and Bartussek (1997) showed
that LPC modulations in an emotion judgment task van-
ished when decisions about isolated visual features in the
pictures were required. The extent of available attentional
resources also appears to modulate the EPN in emotional
picture processing (e.g., Schupp et al., 2007). In contrast,
Kissler et al. (2009) found no modulation of the emotion
effects in the EPN or LPC when they compared a silent
reading task with a task in which words belonging to a
particular word class were counted.

Such task-independent emotion effects in word process-
ing might conform to the assumption that reading occurs
automatically whenever a word is encountered (Kahne-
man & Chajczyk, 1983; Stroop, 1935). However, reading
may not be completely automatic, because outside of the
emotion domain, there is strong evidence for task effects
on the level at which a word is processed (e.g., McClelland
& Rumelhart, 1981; Seidenberg & McClelland, 1989).
For instance, the extent of semantic processing appears
to modulate concreteness effects in both performance
(Schwanenflugel, 1991) and ERPs (Kounios & Holcomb,
1994; West & Holcomb, 2000). Furthermore, Ziegler, Bes-
son, Jacobs, Nazir, and Carr (1997) have shown that the
type of task performed on stimuli alters lexicality effects
in ERPs. These authors therefore suggested that multiple
sources of linguistic information are used, depending on
the task to be performed.

The suggestion of different linguistic sources leads di-
rectly to the question of whether there are distinguishable
stages within the word recognition process at which those
linguistic features are activated and, possibly, interact.
Among word recognition models, there is a consensus that
at least three different stages within the processing stream
can be distinguished (e.g., Rastle, 2007). Reading begins
with perceptual processes, defining the letters in the visual
focus, followed by the translation of the letters’ identities
into a sequence of grapheme units and orthographic pat-
terns, constituting particular words. This in turn results in
the activation of lexical/phonological structures and their
meanings.

An ongoing debate concerns the time course of the word
recognition process. For instance, on the basis of ERP
findings in repetition masking, Holcomb and Grainger
(2006, 2007) postulated a sequence of distinguishable or-
thographic, lexical, and postlexical semantic-processing
stages, taking place, in order, from 150 to 200 msec, from
250 to 400 msec, and after 400 msec following word pre-
sentation onset. The suggested latency of the lexical stage
is in line with most reports of the latency of the so-called
lexicality effect, which appears after about 300 msec (e.g.,
Braun et al., 2006; Chwilla, Brown, & Hagoort, 1995;
Hutzler et al., 2004). The lexicality effect consists of an en-
hanced negativity to orthographically and phonologically
legal but nonexistent pseudowords or to illegal nonwords,
when they have to be distinguished from existing words in
lexical decision tasks. However, a number of recent stud-
ies have indicated that lexical operations may start very
rapidly after stimulus onset. For instance, word frequency
may modulate components of the ERP as early as 110 msec
after stimulus onset (e.g., Hauk, Davis, Ford, Pulvermiil-
ler, & Marslen-Wilson, 2006; Hauk & Pulvermiiller, 2004;
S. C. Sereno, Rayner, & Posner, 1998). Finally, since the
ERP effects of bigram and trigram frequencies can overlap
in time with lexical effects, it has been proposed that the
analysis of the orthographic structure does not have to be
completed before the retrieval of semantic word content
(see Hauk, Davis, et al., 2006; see also Pecher, Zeelen-
berg, & Wagenmakers, 2005). The most prominent ERP
component indicating postlexical semantic processing is
the N400 (e.g., Kutas & Van Petten, 1994), which has been
suggested to reflect the activation of representations in
semantic memory (Kutas & Federmeier, 2000). Interest-
ingly, N400 effects are larger when postlexical semantic
processing is required (e.g., Kounios & Holcomb, 1994;
West & Holcomb, 2000). However, there is also some evi-
dence for semantic effects on ERP components prior to the
N400. Differences between semantic word categories can
appear already at less than 300 msec after stimulus onset
(e.g., Dehaene, 1995; Pulvermiiller, Assadollahi, & El-
bert, 2001; Pulvermiiller, Hirle, & Hummel, 2001), which
is as early as the first differences induced by the lexical
status (words vs. nonwords vs. pseudowords). Such data
support models proposing that information about a word’s
meaning can be accessed nearly simultaneously with its
orthographical/lexical information (e.g., Marslen-Wilson
& Tyler, 1980; see also Pulvermiiller, Assadollahi, & El-
bert, 2001). Taken together, the ERP findings about the
timeline of word comprehension seem to be most consis-
tent with a time-variable sequence of cascaded (see Mc-
Clelland & Rumelhart, 1981) and possibly interactive (see
Hauk, Davis, et al., 2006; Hauk, Patterson, et al., 2006)
processes.

How and when do the emotional aspects of words im-
pinge on these word recognition processes? Probably, due
to the scarcity and diversity of the available evidence,
there is as yet no implementation of emotion into models
of word recognition. The suggestions extant in the litera-
ture are somewhat inconsistent. For instance, Keil, Thssen,
and Heim (2006) suggested that the processing stages that
may be modulated by emotion include several possible
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“early” stages, such as sublexical analysis, lexical access,
or subsequent processing. On the basis of the latency of
their EPN emotion effects, Kissler and colleagues sug-
gested the emotional content of a word to be activated not
at a prelexical stage (Kissler et al., 2007), but “immedi-
ately after conceptual identification of the visual word
form” (Kissler et al., 2009), which could be interpreted
as a lexical or a postlexical locus. Most recently, Scott,
O’Donnell, Leuthold, and Sereno (2009) reported an ex-
tremely early emotion effect on the visual P100 compo-
nent combined with a significant interaction of emotion
and word frequency in a lexical decision task, indicating
both perceptual and lexical loci.

Taken together, it is obviously unclear whether the emo-
tional content of written language impacts prelexical, lexi-
cal, or postlexical stages of the reading processes. It was
the general aim of the present study to contribute to the res-
olution of this problem: First, we assessed the time course
of emotion effects during reading by means of recording
ERPs, and second, we studied the interaction of emotion
effects with several strictly defined task situations. In con-
trast to most of the previous studies of emotion effects on
ERPs during word processing, we used verbs rather than
nouns or adjectives. Verbs differ from other word classes
by their very direct reference to actions and have been
shown to elicit emotional effects in the attentional blink
paradigm (Keil & Thssen, 2004; Keil et al., 2006).

Experiment 1 employed a lexical decision task (LDT)
on emotionally positive, negative, and neutral single
verbs. Experiment 2 addressed the influence of a minimal
semantic context on the effects of emotional valence. A
further aim of this experiment was to investigate the task
dependence of these effects.

EXPERIMENT 1

In Experiment 1, we investigated the effects of emotional
valence on word recognition by realizing a single-word
LDT for correct German verbs and pseudowords. The aim
of the present experiment was to elicit a speed advantage
for emotional stimuli according to behavioral parameters,
and to localize this effect within the information-processing
system by means of recording ERP components.

Method

Participants. The data of 18 healthy participants (11 women),
ranging in age from 18 to 31 years (M = 24.0 years, SD = 3.6),
were analyzed. Three of the participants were university employees;
all the others were students. All the participants were right-handed
apart from two left-handers (according to Oldfield, 1971). Participa-
tion was reimbursed with course credits or €8/h. All the participants
were native German speakers with normal or corrected-to-normal
vision and without any neurological or neuropsychological disorder,
according to self-report.

Stimuli. The complete stimulus set consisted of 240 German
verbs and 240 pseudowords. Correct words were verbs of positive
(e.g., entspannen [to relax]), negative (e.g., vergiften [to poison]), or
neutral (e.g., einlagern [to store]) valence taken from our own data-
base on the basis of various unpublished rating and pilot studies by
the present authors. This emotional categorization was verified post-
experimentally. Pronounceable and orthographically legal pseudo-
words (e.g., besurgen) were constructed from correct verbs by sub-

stituting one letter at a random position, excluding the first and last
positions. All the verbs used were unambiguous candidates of their
word class and were presented in their infinite form (lemmas). Verbs
of different emotional valence were controlled for word frequency
and number of orthographic neighbors (CELEX; Baayen, Piepen-
brock, & van Rijn, 1995), word length (letters and syllables), and—
according to postexperimental ratings—arousal and imageability.!

Procedure. The participants were seated in a dimly lit, sound-
attenuated chamber facing a computer monitor. The screen was situ-
ated at a distance of approximately 100 cm from the participants’
eyes. All the stimuli were presented in white capital letters of the
same font (Arial) on a dark gray background at the center of the
screen. The vertical size of the letters was 8 mm; the horizontal
length varied between 35 and 65 mm, depending on word length.
A trial started with a fixation cross displayed for 500 msec, fol-
lowed by the letter string, which disappeared with the response.
After 2,700 msec (blank screen), the next trial started. The stimuli
were delivered randomly in eight blocks of 60 items each. Between
blocks, there was a short break. Stimulus presentation and response
collection were controlled by the Experimental Run Time System
software (BeriSoft, Germany).

The participants performed an LDT by responding with their left
and right index fingers to correct words and pseudowords. The as-
signment of word type to responding finger was reversed for each
participant after four blocks and was balanced in order across par-
ticipants. Practice blocks consisting of 12 trials were given prior to
the first and fifth blocks. The participants were instructed to avoid
blinking while the stimuli were presented.

After the LDT, all correct verbs were presented again in a dif-
ferent random order. The participants had to judge the emotional
valence of each verb on a 7-point rating scale by pressing buttons
labeled from —3 to +3 on a standard PC keyboard. The participants
were instructed to keep their fingers on the response keys (three
fingers of each hand on keys labeled with =1 to =3 and one thumb
on the space key labeled with 0).

Electroencephalogram data recording. The electroencepha-
logram (EEG) was recorded during the first experimental blocks
(LDT) from 36 tin electrodes, referenced to the left mastoid. Most
of these electrodes (Fpl, Fp2, Fz, F3, F4, F7, F8, FC5, FC6, FT9,
FT10, Cz, C’3, C’'4—4 cm to the left and right of Cz—T7, T8, CP5,
CP6, Pz, P3, P4, P7, P8, P9, P10, PO9, PO10, O1, 02, and 1z) were
placed in an electrode cap. Four external electrodes were used for
the vertical and horizontal electrooculogram, and two for the left
and right mastoid. Electrode impedance was kept below 5 kQ; ECI
electrode gel (Expressive Constructs Inc., Worcester, MA) was
used. Recording was done with a sampling rate of 250 Hz. All chan-
nels were amplified with a bandpass of 0.032-70 Hz. Offline, the
continuous EEG record was segmented into epochs of 1,100 msec,
starting 100 msec prior to target onset and transformed to average
reference. Corrections for artifacts due to blinks or vertical and hori-
zontal eye movements were made using the method described by
Gratton, Coles, and Donchin (1983). Epochs containing artifacts
were discarded. ERPs were calculated for the edited set of raw data,
considering only trials with correct answers. All ERP waveforms
were referred to a 100-msec prestimulus baseline.

Data analysis. From the 240 stimuli of the complete set, 40 were
selected, for each emotion condition, that were unambiguously rated
as belonging to a given emotional category and, in addition, con-
trolled for the criteria described below. Emotional items were ac-
cepted if the rating values for valence across all participants ranged
from —1 to —3 for negative verbs and from +1 to +3 for positive
verbs. Items were accepted as neutral if ratings ranged between —1
and + 1. All the analyses reported below were based on this selected
subset of target verbs, for which descriptive statistics are shown in
Table 1. Across emotion categories, these verbs were comparable in
mean word length with respect to number of letters and syllables,
in mean word frequency, and orthographic neighborhood size [all
Fs(2,117) < 1, ps > .4]. According to postexperimental ratings,
verbs did not differ in imageability [F(2,117) = 0.18, p > .98]. Rat-
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Table 1
Descriptive Statistics (Mean Values With Standard Deviations) for
Control Variables and Rating Results for the Selected Subset
of Word Material Used in Experiment 1

Neutral
Verbs

Positive
Verbs

Negative
Verbs

Emotional valence (range, —3 to +3)
Arousal (range, 1-5)

Imageability (range, 0—6)

Word length (number of letters)

Word length (number of syllables)
Word frequency (1/1,000,000, CELEX)
Orthographic neighborhood size

ings of emotional valence revealed significant differences between
all three conditions [F(2,117) = 1,960.6, p < .001; all £s(78) > 32.0,
ps < .001]. Furthermore, statistical comparison of SAM ratings re-
vealed increasing arousal values from neutral over positive to nega-
tive verbs [#s(78) > 6.5, ps < .001].

The percentage of wrong classifications and mean reaction times
(RTs) for correct responses were analyzed by repeated measures
ANOVAs involving the factor of emotional valence.

Segmentation of ERP amplitudes proceeded according to visual
inspection of measures of global field power (GFP; Lehmann &
Skrandies, 1980) and global map dissimilarity (GMD; Brandeis,
Naylor, Halliday, Callaway, & Yano, 1992). GFP reflects the overall
ERP activity across the scalp at any given moment. GMD reflects the
dissimilarity between scalp topographies of adjacent time points and
demarcates the borders between periods of relatively stable topog-
raphies indicating continued processing within similar brain areas.

GFP (V)

These transition times were used as the limits of the time segments for
which mean ERP amplitudes were calculated. GMD was calculated
for maps of difference waves to, first, emotional minus neutral verbs,
and, second, pseudowords minus all correct verbs (averaged over all
emotion conditions). As is shown in Figure 1, the largest peaks in
the GMD correspond well with changes in GFP. Accordingly, ERPs
were quantified by calculating the mean amplitudes within the fol-
lowing time segments: 0—40, 40—100, 100-136, 136—176, 176368,
368-488, 488—684, 684—724, and 724-954 msec after target onset
for assessing the effects of emotional valence, and 0—116, 116—128,
128-328, 328-760, and 760—1,000 msec for the effects of lexicality.
Amplitude differences were assessed by two separate repeated mea-
sures ANOVAs: (1) for quantifying the effect of emotional valence
(positive vs. negative vs. neutral) within the correct words, and (2) for
detecting the lexicality effect (correct words averaged over all emotion
conditions vs. pseudowords), disregarding emotional valence.
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Figure 1. Effects of emotional valence and lexicality on electrophysi-
ological parameters in Experiment 1. The upper graph shows global
field power (GFP) across all participants, contrasted for emotionally
positive, negative, and neutral words and for pseudowords. The lower
graphs depict global map dissimilarity (GMD) of the difference between
ERP distribution to emotional minus neutral (middle) and pseudowords
minus correct words (bottom) across all participants. Horizontal gray
lines mark the amplitude criteria for GMD peaks.
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By definition, the average reference sets the mean value of the
ERP amplitude to zero across all electrodes within a given condition.
Therefore, whenever all the electrodes are entered into the ANOVA,
only effects in interaction with electrodes are meaningful. Huynh—
Feldt correction was applied to adjust the degrees of freedom of the
F ratios. All within-subjects repeated ANOVA measures will be re-
ported with uncorrected degrees of freedom but corrected p values.
For pairwise comparisons, alpha levels were Bonferroni adjusted.

Results

Performance. The behavioral data are summarized in
Table 2. An ANOVA revealed significant effects of emo-
tional valence [for RTs, F(2,34) = 6.5, p < .01; for error
rates, F(2,34) = 4.8, p < .05]. Pairwise comparisons re-
vealed significantly shorter RTs for positive [F(1,17) =
4.2, p < .05] and negative [F(1,17) = 3.5, p < .05] verbs,
as compared with neutral verbs. Error rates were higher
for positive than for neutral verbs [F(1,17) = 9.5, p <
.05]. No other significant effects were obtained.

Event-related brain potentials. Figure 1 depicts GFP
and GMD for emotionally positive, negative, and neutral
correct verbs and pseudowords. ANOVAs over mean ERP
amplitudes revealed a significant effect of emotional va-
lence between 368 and 488 msec [F(62,1054) = 2.6, p <
.05, ¢ = .129], which consisted in significant differences
between both emotionally positive [F(31,527) = 3.6, p <
.05, ¢ = .120] and negative [F(31,527) = 2.6,p < .05, ¢ =
.170] verbs, as compared with neutral verbs, but not between
positive and negative verbs [F(31,527) = 1.3,p > .05, ¢ =
.292]. As can be seen in Figure 2A, both conditions of emo-
tion elicited larger negativities at parieto-occipital electrode
sites than did neutral verbs. Therefore, we conducted an
additional regional analysis by calculating the averaged ac-
tivity of five occipito-temporal electrodes (PO9, PO10, O1,
02, and Iz). Repeated measures ANOVAs with factors of
emotion (3) and electrode (5) confirmed the main effect of
emotion obtained in the overall ANOVA [F(8,136) = 9.2,
p <.001, e = .385] and the differences between the neutral
and both emotion conditions [F's(4,68) > 8.8, ps < .001,
es = .749 and .457, respectively].

ERPs to correct verbs and pseudowords differed be-
tween 328 and 760 msec [Fs(31,527) = 11.2, p < .001,
e = .157]. As can be seen in Figure 2B, pseudowords
elicited an enhanced negativity, as compared with cor-
rect words, irrespective of the word’s specific emotional
valence (cf. Figure 1), which was most pronounced at the
vertex. This was confirmed by an additional ANOVA on
mean amplitudes at the Cz electrode within this time seg-
ment [F(1,17) = 21.2, p < .001].

No significant effects of emotion or lexicality appeared
within the other time segments.2

Table 2
Mean Reaction Times (RTs, in Milliseconds) and Error Rates in
Percentages (With Standard Deviations) for Experiment 1

Emotional RTs Error Rates
Valence M SD M SD
Positive 818.1 10.1 2.5 0.4
Negative 824.3 9.2 2.1 0.4
Neutral 842.6 10.8 2.0 0.4
Pseudowords 897.9 3.7 4.9 1.0

Discussion

In line with other studies (Dahl, 2001; Pratto & John,
1991; Scott et al., 2009; White, 1996), lexical decisions
were faster to both emotionally positive and negative
verbs than to neutral verbs. Also confirming previous re-
ports (e.g., Braun et al., 2006; Chwilla et al., 1995), ERPs
showed the expected effect of lexicality, consisting of a
greater negativity for pseudowords than for correct words,
starting around 320 msec. Effects of emotional valence
began approximately 50 msec after the onset of the lexi-
cality effect and were similar for positive and negative
verbs. These findings indicate, first, that emotional va-
lence is activated immediately after lexical processing in
the reading process. The present data therefore provide
direct evidence for the suggestion of Kissler et al. (2007)
that ERP enhancement to emotional words occurs not at
a prelexical level; that is, it occurs “just after lexical ac-
cess” (Kissler et al., 2007, p. 479). Second, that the ERP
effects of positive and negative words are similar, relative
to neutral words, supports a view of generalized arousal
or attention effects. Interestingly, the emotion effect ob-
served here shows a fronto-central positivity and occipito-
temporal negativity. Although this emotion effect appeared
at a latency that would be typical for the LPC or N400, its
scalp distribution clearly differed from these components
but was rather similar to the EPN effects recently reported
in the literature (Herbert et al., 2008; Kissler et al., 2007;
Kissler et al., 2009; Scott et al., 2009). This discrepancy
may relate to differences in task settings or stimulus mate-
rial. In contrast to the present experiment, the studies of
Herbert et al. (2008) and Kissler et al. (2007; Kissler et al.,
2009) used silent reading tasks and did not require overt
decisions on the words. One might argue that such pas-
sive tasks enhance emotional processing. Thus, Schupp
et al. (2007) recently showed that the EPN to affective
pictures is smaller in counting tasks, as compared with
passive viewing. However, in the study by Schupp et al.
(2007), target pictures were defined by lines overlaying
the actual pictures, possibly withdrawing attention from
these pictures. Since lexical decisions in the present ex-
periment required an explicit encoding of the presented
verbs, withdrawal of attention from the words is an un-
likely explanation for the relatively long latency of emo-
tion effects. If anything, explicit processing, as required
here, usually enhances experimental effects, relative to
implicit processing. We are not aware of any examples
in which a deeper level of processing attenuated the ef-
fect of an experimental variable. Therefore, we consider it
implausible that the relatively late onset of initial emotion
effects in words obtained in the present experiment might
be due to requirements for explicit, deep processing of
the stimuli.

Alternatively, the relative delay in the onset of emotion
effects might relate to word class. Whereas the above-
mentioned studies with earlier emotion effects used nouns
and adjectives, single verbs served as stimuli in the pres-
ent experiment. At least for verbs and nouns, there are sev-
eral hints toward differences in processing. For instance,
nouns are acquired earlier during language development
(e.g., Nelson, 1973) and are remembered more easily than
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Figure 2. Effects of emotional valence and lexicality on ERPs. (A) Emotion effect. The upper panel depicts the grand
mean ERP waveforms from frontal (Fz) and parietal (PO9 and PO10) electrodes, elicited by emotionally positive, nega-
tive, and neutral verbs. The lower panel shows the scalp distributions of the differences between positive and neutral
verbs (left) and between negative and neutral verbs (middle) and, further, the distribution of ERPs to neutral verbs
(right) within the 368- to 488-msec interval. (B) Lexicality effect. The left panel shows the grand mean ERP waveforms
from the Cz electrode, elicited by pseudowords and correct verbs (averaged across all the emotion conditions). The right
panel depicts the scalp distribution of the difference waves between pseudowords and correct words between 328 and
760 msec.
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verbs (e.g., Reynolds & Flagg, 1976), possibly because
of several syntactic and semantic differences (see Fed-
ermeier, Segal, Lombrozo, & Kutas, 2000). Studies of
visual word processing have shown such a noun advan-
tage in a wide range of different tasks (e.g., Kauschke &
Stenneken, 2008; J. A. Sereno, 1999; Tyler, Russel, Fadili,
& Moss, 2001), which appears to interact with emotional
valence, as has been shown by Dietrich et al. (2001) in a
word recognition task. This idea is also supported by the
most recent results of Scott et al. (2009), who found, apart
from even earlier effects, an EPN for emotional nouns
and adjectives at latencies similar to those in the silent
reading paradigms (Kissler et al., 2007), but with an LDT
similar to that in the present experiment. Further research
will be needed to clarify whether such word class effects
are related to differences in the time course of accessing
the emotional meaning from written words of different
classes. It also has to be noted that the verbs used here
were quite long, as reflected in the RTs showing that suc-
cessful discrimination between the experimental words
and pseudowords took about 800 msec.

Another explanation for the relatively late effect of
emotion might be that single verbs do not possess a con-
sistent and stable emotional valence. Because much of
the semantic meaning in linguistic information is con-
veyed by units that are larger than words (sentences or
parts of sentences; see, e.g., Murphy, 1990), the emo-
tional valence of single verbs might be unstable. This idea
was supported by our data from postexperimental rating
sessions, which, in many cases, revealed inconsistent
valence ratings, necessitating a post hoc item selection.
Consequently, the emotional valence of action words may
depend on several additional aspects, such as agent or
object information. For instance, the verb exploit might
have a different emotional valence depending on whether
it refers to an opportunity or to another person. Therefore,
a main objective of Experiment 2 was to assess emotional
valence effects when the verbs were embedded in a mini-
mal semantic context.

EXPERIMENT 2

In order to provide a semantic context for the verbs of
different emotional valence, they were combined with a
preceding noun—for example, LOVER—KISS. The second
objective of Experiment 2 was to examine whether the ef-

fect of emotional valence found in Experiment 1 is influ-
enced by different tasks performed on the words. In partic-
ular, we sought to investigate the effects of the emotional
valence of words and their time course at different levels
of processing. In analogy to Experiment 1, an LDT was
performed on the target verbs. In addition, two different
decision tasks were constructed. First, semantic decisions
required judgments about whether the target verb was a
meaningful follower of the preceding noun, and second, a
shallow structural decision task was constructed requiring
neither lexical nor semantic processing, since the partici-
pants had solely to decide whether all the letters within
the string of the target verb were written in the same font
or not. Whereas these three tasks focused on the implicit
effects of emotional valence in word processing, a fourth
task required explicit judgments of the emotional valence
of the word pairs.

Method

Participants. All the participants (N = 24; 14 women; age range,
18-32, M = 23.5 years, SD = 3.3) were students and right-handed,
apart from 3 who were left-handed. The participants were selected ac-
cording to the same criteria and were reimbursed as in Experiment 1.

Stimuli. The stimuli consisted of three sets each of 120 meaning-
ful German word pairs, consisting of a noun and an emotionally posi-
tive (e.g., LOVER—KISS), negative (e.g., MURDER—KILL), or neutral (e.g.,
MOTHER—CALL) verb, and 120 distractor word pairs. Nouns could
present actor, object, or space information, according to the action or
event described by the target verb. Verbs were presented in their infi-
nite form (lemmas). All the words were written in capital letters of the
same font (Arial). Emotional and neutral target verbs were selected on
the basis of preexperimental valence ratings and were matched across
emotion categories on word frequency, frequency of first syllable
(CELEX; Baayen et al., 1995), and word length. According to these
preexperimental ratings, emotional valence significantly increased
from negative over neutral to positive target verbs [#s(78) > 19.7,
ps < .001]. In separate rating studies,? the word pairs were judged
for arousal, association strength between verbs and nouns, and im-
ageability. SAM ratings for arousal did not differ between pairs with
positive and negative verbs, but both conditions differed significantly
from that with neutral targets [7s(78) > 2.5, ps < .05]. Ratings of the
noun-—verb pairs did not differ in terms of imageability [F(2,117) =
0.571, p = .57] but showed slight differences in association strength
between nouns and target verbs. Here, emotionally positive verbs
showed stronger associations to the preceding noun than did both
neutral and negative verbs [ts(78) > 2.4, ps < .05]. Importantly, sta-
tistical analysis did not reveal any differences between positive, nega-
tive, and neutral target verbs regarding such lexical variables as word
frequency and word length [Fs(2,117) < 2.3, ps > .1]. Descriptive
statistics are given in Table 3.

Table 3
Descriptive Statistics (Mean Values With Standard Deviations) for Control
Variables and Rating Results for the Word Material of Experiment 2

Positive Negative Neutral

Targets Targets Targets
M SD M SD M SD
Emotional valence (range, —3to +3) 1.8 0.4 -20 05 0.3 0.3
Arousal (range, 1-5) 3.7 1.2 3.8 1.2 2.4 1.1
Imageability (range, 0—6) 4.6 1.1 43 1.1 44 1.1
Association with prime (range, 0—4) 35 0.6 31 06 3.1 0.6
Word length (letters) 8.8 1.7 9.4 1.6 9.2 1.6
Word length (syllables) 29 07 31 06 3.1 0.6
Word frequency (1/1,000,000) 80 142 65 153 72 100
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To avoid any predictability of the target verbs based on the preced-

msec

ing nouns, each noun was combined with verbs of all three valences =

(e.g., MOUTH/LIPS/HAND—KISS/SCALD/GREASE), and each verb could ;3%

be preceded by one of three nouns.* In all, 40 sets of 9 such noun— = g o

verb combinations were constructed. These 360 noun—verb pairs §§ &
ua

were uniquely assigned to one of three stimulus sets, so that each
target verb was presented only once within a given stimulus set and
with different nouns between sets. Each set was used for one of the
three tasks, with set task assignment being counterbalanced across
participants. The presentation of word pairs within the tasks was
randomized.
Depending on the task, certain changes and additions had to be
made in the materials. In the structural decision task, all the target
verbs were meaningful followers of the noun, and distractor targets —
contained one italicized letter, which could appear equiprobably at a
random position between the second and second-to-last positions of E—
the verb (e.g., FATHER—PROTECT). The (pronounceable) pseudowords &
/
(=]
o

600

400

200

for the lexical decision task were derived from existing German
verbs—not belonging to the correct item set—by exchanging one
letter at a random position (e.g., SHIP-SAEL), excepting the initial and =
final positions. Distractor word pairs for the semantic decision task < ™ -
consisted of recombinations of nouns and verbs used for meaning- (A1) d4D
ful pairs, rendering their combination meaningless (e.g., BALLOON—
BRANCH). In all the tasks, the distractors were equally as frequent as
the correct targets. The tasks were performed blockwise and were
counterbalanced in order across participants.

Procedure. The trial scheme was identical for each of these three
tasks. All the stimuli were presented at the center of a computer
screen. Stimulus size was the same as that in Experiment 1. A trial
started with a fixation cross, followed after an interval of 500 msec
by the noun, displayed for 500 msec, by another fixation cross
(1,000 msec), and by the verb, which disappeared with the response
or, at the latest, after 1,500 msec. The participants responded to the
verb by pressing one of two keys as quickly and accurately as pos-
sible. After 1,500 msec (blank screen), the next trial started.

In the final rating task, all the word pairs (n = 360) were pre-
sented again in a random order. In contrast to the other tasks, both
words of a pair were presented simultaneously side by side until the
keypress, followed by a blank screen of 1,500 msec. To avoid exces-
sive EEG artifacts, a 5-point rating scale from —2 (very unpleasant)
to +2 (very pleasant) was used. All other task requirements followed
the same procedure as that for the rating task in Experiment 1.

0.10
0.05
0.00

[a)
=
V)

Positive
— —— Negative
Nedutral

EEG recording. EEG recording was performed during the whole ~ - o3 o 3
experiment, including the rating task, and followed the same proce- S S S
dure as that in Experiment 1. (A7) 44D awo

Data analysis. Because stimulus presentation and response re-
quirements in the rating task differed from those in the three preced-
ing tasks, both the EEG and the behavioral data collected during
the rating condition were analyzed separately. Behavioral responses
were analyzed by repeated measures ANOVAs, involving the fac-
tors of emotional valence (positive, negative, or neutral) and task
(structural, lexical, or semantic).

ERPs to the correct target verbs were derived for each task, con-
dition, and electrode for trials with correct responses. In analogy
to Experiment 1, ERP segmentation proceeded according to visual
inspection of GFP and GMD measures (see Figure 3).

GFP indicated valence effects between about 100 and 700 msec
after verb onset. Within this interval with possible valence ef-
fects, GMD to maps of difference waves between emotional and
neutral target verbs identified five microstates with transitions at
about 88, 180, 292, 404, 448, 560, 672, and 956 msec (Figure 3,
left panel). These transition time points were used as limits of the
time segments, for which mean ERP amplitudes were calculated
relative to a 100-msec pretarget baseline. Amplitude differences
within these time segments were assessed by a repeated measures =

msec

Positive
——— Negative
. Neutral
800

2 4
0 200 400 600 800 msec
Figure 3. Effects of emotional valence and lexicality on electrophysiological parameters in Experiment 2. The left and middle panels show global field power (GFP) contrasted for

200

ANOVA (ANOVA 1), involving factors of emotional valence (posi- 2 ot 23 o 3
o o o

tive, negative, or neutral) and task (structural, lexical, or semantic).
As is depicted in the middle panel of Figure 3, GFP and GMD in- (A7) d4D

emotionally positive, negative, and neutral target verbs, averaged across structural, lexical, and semantic decision tasks (left) and for the explicit emotion rating task (middle). The lower
panels show global map dissimilarity (GMD) of the difference waves to emotional minus neutral conditions. The right panels depict GFP to correct target verbs and pseuodowords (upper

panel), as well as GMD between these conditions, during lexical decisions. Horizontal gray lines mark the amplitude criteria for GMD peaks.
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dicated different microstates in the rating task data, as compared
with the three other tasks. Following visual inspection, mean ERP
amplitudes were calculated in the following time segments: 0—120,
120-220, 220—-432, 432784, and 784—1,000 msec. Mean ampli-
tudes in these time segments were assessed by a repeated measures
ANOVA (ANOVA 2), involving the factor of emotional valence
(positive, negative, or neutral). On the basis of the same procedure,
by using GFP and GMD, the lexicality effect was analyzed as the
difference between pseudowords and correct words restricted to the
lexical decision task within the following time segments: 0—112,
112-128, 128-276, 276768, and 768—1,000 msec (ANOVA 3; see
Figure 3, right panel).

In analogy to Experiment 1, additional regional analyses were cal-
culated for ERP effects obtained in the overall ANOVAs described
above.

In order to provide an estimate of the generator sources of the
emotion effect, dipole source models were determined using the
Brain Electromagnetic Source Analysis program (Scherg & Berg,
2000) with a four-shell spherical head model (i.e., brain, bone, ce-
rebrospinal fluid, and scalp). A source model is derived by fitting
the source model iteratively to the data until a minimum in residual
variance is reached.

Results

Performance. RTs to the target verbs were influenced
by their emotional valence [F(2,46) = 61.7, p < .001].
Positive emotional valence shortened RTs, as compared
with both neutral [F(1,23) = 109.8, p <.001] and negative
[F(1,23) = 72.4, p < .001] verbs (see Table 4), whereas
RTs to neutral and negative verbs did not differ from each
other. The size of the valence effect depended on the task
[F(4,92) = 6.1, p < .001]; for positive verbs, relative to
neutral verbs, this effect increased from the structural
over the lexical to the semantic task [My;p(neutral —
positive) = 31, 65, and 74 msec, respectively]; for nega-
tive versus neutral words, the difference was small and not
systematically modulated by the task.

ANOVAs for error rates revealed main effects for
task [F(2,46) = 15.1, p < .001] and emotional valence
[F(2,46) = 23.9, p < .001] and, furthermore, a significant
interaction of task and emotional valence [F(4,92) = 10.3,
p <.001]. Error rates increased from the structural over the
lexical to the semantic task. However, independently of the
specific task, positive verbs were more often responded to
correctly than were both negative and neutral verbs, whereas
the latter did not differ significantly (see Table 4).

Confirming the preexperimental classifications, post-
experimental ratings of emotional valence were higher
for pairs with positive target words (M = 1.0, SD = 0.8)
and lower for pairs with negative target verbs (M = —1.3,
SD = 0.8), as compared with neutral targets (M = 0.2,

SD = 0.9). Both positive and negative pairs differed sig-
nificantly from neutral pairs (ts > 27.0, ps < .001). De-
scriptive statistics for the rating values obtained in this
emotional rating task are summarized in Table 3.

Effects of emotional valence in ERPs. ANOVA 1 re-
vealed a first valence effect in the mean ERP amplitudes for
the time segment between 180 and 292 msec [F(62,1426) =
2.0, p < .05, e = .177]. This valence effect did not interact
with task (£ < 1) and consisted of amplitude differences
between the neutral valence condition and both the posi-
tive [F(31,713) = 2.3, p < .05, ¢ = .216] and the negative
[F(31,713) = 3.0, p < .01, ¢ = .231] valence conditions
(see the upper panel of Figure 4A). The middle panel of
Figure 4A depicts the maps of difference waves for the
valence effects (positive minus neutral and negative minus
neutral, respectively), and further, the scalp distribution of
ERPs to neutral verbs. For both negative and positive tar-
get verbs, the ERP effects basically consisted of enhanced
frontal positivities and parieto-occipital negativities. Re-
gional analyses on activity of five occipito-temporal elec-
trodes (PO9, PO10, O1, O2, and 1z) confirmed the main
effect of emotion [F(8,184) = 6.8, p <.001, ¢ = .609] and
revealed significant differences between ERPs to emotion-
ally positive and neutral verbs [F(4,92) = 8.0,p < .01, =
.544], as well as between negative and neutral target verbs
[F(4,92) =9.4,p < .001, e = .727]. The scalp distribution
of this emotion effect is typical for inferotemporal brain
sources. To verify this impression, we modeled the neu-
ral sources of the early emotion effect between 180 and
292 msec. Grand average ERPs were calculated for neu-
tral verbs and both kinds of emotional verbs (positive and
negative). Spatial principal component analysis (PCA) for
both conditions indicated that two principal components
explained 99.6% of the variance within this time segment
(PC1, 97.3%; PC2, 2.3%). In both conditions, a symmetric
dipole pair accounted for 94% of the variance. Figure 4A
(bottom panel) depicts the dipole pair fitted for the neutral
condition; it was located in the fusiform gyrus (Talairach &
Tournoux, 1988; coordinates: x = =45 mm, y = —54 mm,
z = —14 mm; residual variance = 4.0%). The dipole pair
fitted for the emotional condition was located in exactly
the same cortical brain area (x = =45 mm, y = —52 mm,
z = —14 mm).

In the following segments between 292 and 560 msec,
there was no effect of emotional valence [Fs(62,1426) <
1.8] and no interaction of emotional valence and task
[Fs(124,2852) < 1.3]. However, a main effect of emo-
tional valence reappeared in the next, 560—672 msec seg-

Table 4
Mean Reaction Times (RTs, in Milliseconds) and Error Rates in Percentages (With Standard Deviations) for Experiment 2
Grand Means

RT Error Rate Error

Positive Negative Neutral Positive Negative Neutral RT Rate
Task M SD M SD M SD M SD M SD M SD M SD M SD
Structural decisions  811.4 339  833.0 356 843.0 360 2.0 0S5 1.7 04 20 0.5 8453 325 19 03
Lexical decisions 769.0 303 8212 329 8323 303 23 05 53 09 4.7 0.8 8042 30.0 4.1 05
Semantic decisions ~ 804.1 193 8753 260 8822 21.7 74 12 153 19 153 20 8598 21.1 127 15

Grand means 7927 243 839.8 235 8525 265 34 05 74 0.8 73 0.6
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ment [F(62,1426) = 1.9, p < .05, & = .179]. This emotion
effect consisted of significant differences between neutral
verbs and both positive [F(31,713) = 2.5, p < .05, ¢ =
.216] and negative [F(31,713) = 2.3, p < .05, ¢ = .252]
verbs. As compared with the earlier valence effect, this
late effect showed markedly different scalp topography
with parietal rather than frontal positivity and with fronto-
temporal rather than occipito-temporal negativity (see
Figure 4B). Regional analysis on the Pz electrode revealed
a significant main effect of emotion [F(2,46) = 6.0, p <
.01], consisting of enhanced amplitudes to both positive
[F(1,23) = 16.0, p < .01] and negative [F(1,23) = 4.0,p <
.05] verbs, as compared with neutral target verbs. Further-
more, this late effect of emotional valence was modulated
by task [F(124,2852) = 2.0, p < .05, & = .134]. As can be
seen in Figure 4B, this effect was restricted to the semantic
task [F(62,1426) = 2.2, p < .05, ¢ = .155] and the LDT
[F(62,1426) = 2.3, p < .05, ¢ = .201] but was absent
when structural decisions were performed [F(62,1426) <
1.2]. Pairwise comparisons within the semantic task and
LDT revealed significant differences between positive
and neutral verbs [Fs(31,713) > 2.6, ps < .05, es = .197
and .235, respectively] and between negative and neutral
verbs [F(31,713) > 2.7, p < .05, & = .197].

Within the last time segment (672-956 msec), neither
an effect of emotional valence nor an interaction between
emotional valence and task appeared (Fs < 1.3).

Figure 4B (right bottom panel) shows the ERPs from
the explicit emotion rating task. In contrast to the three
other tasks, in which the specific emotional valence of
the target verbs was not task relevant, there was no early
emotion effect. Emotion effects in the rating task ap-
peared only within the LPC latency range between 432
and 784 msec [F(62,1426) = 2.8, p < .01, ¢ = .184] and,
further, between 784 and 1,000 msec [F(62,1426) = 4.5,
p < .001, ¢ = .164] after stimulus onset. Pairwise com-
parisons revealed significant differences between pairs
with neutral and both positive and negative target verbs
[Fs(31,713) > 2.8, ps < .05, .155 < es < .252]. Within
both time segments, regional analyses at the Pz electrode
confirmed the main effects of emotion [Fs(2,46) > 7.2,
ps < .01] and obtained significantly enhanced amplitudes
to both positive [Fs(1,23) > 5.3, ps < .01] and negative
[Fs(1,23) > 7.6, ps < .01] target verbs, as compared with
neutral ones.

Effects of lexicality in ERPs. The lexicality effect was
analyzed as the difference between pseudowords and cor-
rect target verbs (averaged over all emotion conditions)
restricted to the LDT. As can be seen in Figure 4C, an en-
hanced negativity over the vertex was found between 276
and 768 msec [F(31,713) = 2.8, p < .05, ¢ = .133].

Within all time segments after 180 msec, significant
main effects of task complexity appeared [Fs(62,1426) >
1.9, ps < .05, .118 < es < .163]. For brevity’s sake, here,
only effects of task complexity will be reported within
the time segments of emotion effects. ANOVAs were con-
ducted on mean amplitudes of ERP to the three different
tasks, averaged across all conditions of emotion. Between
180 and 292 msec, an ANOVA revealed a significant ef-

fect of task complexity [F(62,1426) = 1.9, p < .05, ¢ =
.143], whereas none of the pairwise comparisons reached
significance [Fs(31,713) < 2.4, ps > .05, .155 < es <
.188]. Within the time segment of significant LPC modu-
lations (560—672 msec), an ANOVA confirmed the signif-
icant task effect, as already found in the overall ANOVA
[F(62,1426) = 4.1, p < .001, ¢ = .163], which refers to
generally reduced ERP amplitudes to all verbs in semantic
processing, as compared with structural [F(31,713) = 5.7,
p < .001, ¢ = .199] and lexical [F(31,713) = 4.9,p <
.001, e = .184] processing.

Discussion

The aim of Experiment 2 was to extend the findings of
Experiment 1 about the effects of emotional valence from
single verbs to verbs embedded in a meaningful context
and, further, to assess the impact of the processing level
by using different tasks. Replicating the results of Experi-
ment 1, RTs were shorter and error rates were lower for
positive than for neutral target verbs. In contrast to the
single-verb condition, responses to negative target verbs
following nouns were numerically, but not significantly,
faster than those to neutral verbs. Furthermore, both the
speed advantage for positive targets and—independently
of emotional valence—overall, error rates increased from
structural over lexical to semantic decisions, underlin-
ing the differences in the complexity of these tasks.> This
conforms to the idea that structural decisions operate at a
shallower level of processing than do lexical decisions and
these, in turn, are shallower than semantic decisions (Pos-
ner, 1969). Importantly, level of processing modulated the
emotional effect, which became more pronounced as pro-
cessing deepened.

In contrast to Experiment 1, ERPs showed two distin-
guishable emotion effects during the word comprehension
process: an early effect starting around 200 msec and a
modulation of the LPC amplitudes starting 550 msec after
target verb presentation. The early emotion effect held
similarly for both positive and negative valences and was
characterized by an enhanced posterior negativity, which
is typical for the EPN (e.g., Schupp et al., 2003). Interest-
ingly, this early effect was independent of the processing
level—that is, whether the tasks required structural, lexi-
cal, or semantic processing of the words. Although only
the semantic decision task required the processing of the
word’s meaning, emotional aspects of the words seem to
have been activated and processed, at least to some degree,
also in the other—nonsemantic—tasks, resulting in the
task-independent emotion effects in ERPs. Importantly, in
all three conditions discussed so far, the word’s emotional
content was task irrelevant.

The second ERP effect of emotional valence is tem-
porally and qualitatively distinguishable from the early
one. It started around 550 msec after target onset and was
maximal over parietal scalp areas, similar to what has
been reported many times before as an effect on the LPC
(Naumann et al., 1997; Schupp et al., 2000). Here, this ef-
fect was clearly present only in the lexical, the semantic,
and the explicit emotional judgment tasks. Although in
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the latter condition the stimuli were presented for a sec-
ond time within the experimental session and response
requirements were different, it yielded an LPC effect of
emotion with a similar topography, as in the other condi-
tions. This finding mostly replicates task-modulated LPC
effects as reported by Naumann et al. (1997) and Fischler
and Bradley (2006). However, it has to be noted that in
the latter study, LPC amplitudes to emotional words dur-
ing lexical decisions were only slightly enhanced, which
could have resulted from specific task demands since
overt responses were required only to pseudowords. Sum-
marizing the main points, our finding provides more evi-
dence that LPC modulations by emotional valence require
explicit attention to the meaning of a word or, at least, a
lexico-semantic processing level.

It is noteworthy that during the time period immediately
preceding the LPC onset, there was a negative deflection
in the ERPs to both negative and neutral words (cf. Fig-
ure 4B) that showed a local maximum around 400 msec,
which is typical for the N400 component (e.g., Kutas &
Van Petten, 1994). Although the participants were in-
structed to read both the noun and verb, irrespective of
the given task, only the semantic decision task explicitly
required the processing of both sequentially presented
words for successful task performance. Possibly, positive
verbs are more typical or more often expected followers
of the preceding emotionally neutral nouns, thus eliciting
a smaller N400 component than did negative or neutral
verbs. Furthermore, when both terms of the word pair
were presented simultaneously in the emotional rating
task, a slight negative deflection for negative and neutral
targets preceded the emotional LPCs. Therefore, it is pos-
sible that the semantic integration of positive situations or
actions (verbs) into a neutral context (nouns) is facilitated,
as compared with negative or neutral information, by this
type of lexical/semantic priming. Both preexperimental
ratings of association strength and behavioral data support
this idea. Although not significantly, positive verbs were
judged as somewhat more related to the neutral nouns
(M = 3.5) than were negative and neutral verbs (M = 3.1);
in addition, positive verbs were processed more quickly
and more accurately in all the tasks. However, these dif-
ferences in relatedness obviously do not impact the emo-
tion effects, because they are present to a similar degree
for both positive and negative words, as compared with
neutral ones.

GENERAL DISCUSSION

The present study addressed two major issues. The first
aim was to localize the effects of emotional valence within
the stream of visual word processing and, particularly, to
track the onset and time course of these effects. Second,
we investigated these emotion effects at different task-
determined levels of word processing.

In Experiment 1, an LDT on single verbs that were
emotionally positive, negative, or neutral was performed.
The results showed an effect of emotional valence on per-
formance because lexical decisions on both positive and

negative verbs were faster than those on neutral verbs. In
ERPs, an effect of emotion was found about 370 msec
after stimulus onset, consisting of an enhanced negativ-
ity on posterior electrode sites and—as its counterpart—
a frontocentral positivity to both positive and negative,
as compared with neutral, verbs. A lexicality effect in
ERPs was found 50 msec prior to the onset of the emotion
effect.

In Experiment 2, emotional verbs were embedded in
a semantic context provided by preceding nonemotional
nouns. In addition to lexical decisions, two further tasks
were performed with structural and semantic decisions,
taken to be shallower and deeper than lexical decisions,
respectively. As task level deepened, performance data
showed an increasing advantage in both speed and ac-
curacy for emotionally positive verbs. Interestingly, the
speed advantage for negative target verbs, such as that
found in Experiment 1, vanished when the verbs were em-
bedded in context information. As was mentioned above,
these differences might be due to an enhanced difficulty
of semantic integration for negative, as compared with
positive, verbs.

Early Effects of Emotional Valence
Are Task Independent

A major finding of the present experiments is an early
emotion effect in ERPs characterized by a pronounced
occipito-temporal negativity to both positive and negative
words, as compared with neutral ones. This scalp distribu-
tion is typical for the EPN (e.g., Schupp et al., 2003), which
is reliably found in emotional picture processing and was
suggested to reflect enhanced perception of emotional
stimuli. Increased activation by emotional, as compared
with neutral, stimuli was observed in visual areas such as
the occipital and fusiform gyri (Davis & Whalen, 2001;
Pessoa et al., 2002). In line with these findings, Schupp
et al. (2003; Schupp et al., 2007) suggested that more at-
tention is allocated to emotional pictures in a reflex-type
way, which enhances EPN amplitudes. Attention to dis-
tinct stimulus features is associated with a broadly distrib-
uted negative ERP defection over temporo-occipital re-
gions occurring ~150-350 msec after stimulus onset. This
occipital negativity effect reflects a transitory processing
period at which task-relevant stimuli are presumably se-
lected for elaborate processing (cf. Potts & Tucker, 2001).
It was therefore suggested that emotional stimuli sponta-
neously catch attention (e.g., Kissler et al., 2007; Schupp
et al., 2007). Hence, Vuilleumier and Driver (2007) pro-
posed that both attentional and emotional effects on visual
perception are due to top-down influences upon the visual
cortex from brain regions further upstream. Although the
upstream networks may differ, their effects upon process-
ing in the peristriate cortex may consist of similar activa-
tion patterns. As has recently been proposed by Kissler
etal. (2007), bidirectional connections between the limbic
structures and extrastriate regions might amplify the ERP
responses to emotional words. Acknowledging the limita-
tions in spatial resolution of dipole source analysis, our
dipole model is consistent with the suggestion that the
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neural sources for ERPs to neutral and emotional verbs
around the latency of the early emotional effect are lo-
cated in such inferotemporal brain structures (see Schupp
et al., 2007), which are part of the ventral visual process-
ing stream (Ungerleider & Mishkin, 1982).

Supporting evidence for the automaticity of emo-
tional processing (at initial stages) comes from the task
independency of the early emotion effect obtained in
the present study. The structural decision task used in
Experiment 2 required only a shallow processing of the
given letter strings for successful performance but, nev-
ertheless, yielded an early emotion effect. Interestingly,
previous studies with comparably superficial tasks had
failed to show any ERP differences according to seman-
tic word properties (e.g., Chwilla et al., 1995; West &
Holcomb, 2000). However, if processing in the structural
decision task were confined to detecting visual feature
variations, an ERP effect of the emotional valence of the
verbs should not appear, since it is highly implausible
that emotional aspects are represented in specific visual
(morphological) word features. Therefore, the present
findings suggest also that more linguistic information
had been extracted in this task, even though such infor-
mation was irrelevant for successful performance. In
contrast, lexical decisions require more than surface in-
formation. For successfully discriminating a word from
pseudowords, lexical information, at least, has to be
activated. Since several studies have shown semantic-
priming effects also in LDTs (e.g., Fischler, 1977; Hol-
comb, 1988), it is suggested that the core meaning of a
word may be automatically activated during this task.
Further clues have come from studies in which different
lexico-semantically related ERP modulations have been
observed at early processing stages in LDTs (e.g., Hauk,
Davis, et al., 2006; Hauk, Patterson, et al., 2006). The
present data support this view.

Interestingly, the early emotion effect in Experiment 2
started about 200 msec earlier than in Experiment 1. This
dissociation in the time course of the effects cannot be
explained by different properties of the target verbs used,
since a large number of target verbs were identical in
both experiments and, on average, the verbs were com-
parable with respect to structural and lexico-semantic
control variables. Furthermore, emotional effects aris-
ing from the preceding nouns can be ruled out, since
each of the nouns was presented as a prime for verbs
of all valences in Experiment 2. Therefore, we suggest
that the accelerated emotion effects in Experiment 2 can
be explained by the involvement of a top-down mecha-
nism triggered by the preceding context provided by the
nouns, which preactivate possible candidates for mean-
ingful verb candidates (Collins & Loftus, 1975; Neely,
1991; Posner & Snyder, 1975). Due to this preactivation,
the access to the lexicon and the meaning of the verbs
would be accelerated.

Such an accelerated access to lexical information by
semantic priming might also explain the boost of the
lexicality effect in Experiment 2, which appeared to be
facilitated by around 50 msec. However, please note that

the segments in which the lexicality effects emerged were
very wide. Semantic-priming effects have been shown
in a variety of psycholinguistic tasks, such as lexical
decisions (e.g., Fischler, 1977; Holcomb, 1988; Meyer
& Schvaneveldt, 1971), naming (e.g., Balota & Lorch,
1986), and item recognition (e.g., Ratcliff & McKoon,
1978), and also in shallow processing tasks (e.g., Smith,
Theodor, & Franklin, 1983). According to some models,
spreading activation has all the characteristics of an auto-
matic process because it is fast, is of short duration, does
not require attention or awareness, and places no or only
minimal demands on resource capacity (Collins & Lof-
tus, 1975; Posner & Snyder, 1975; Shiffrin & Schneider,
1977).

Late Effects of Emotional Valence
Are Task Dependent

The second major finding of the present study is the
relationship between emotional valence and the ampli-
tude of the LPC, confirming many previous reports that
have shown that the amplitude of the LPC is enhanced by
the emotional content of pictures, faces, or words (e.g.,
Cuthbert et al., 2000; Fischler & Bradley, 2006; Schupp
et al., 2000). Importantly, in contrast to the early emotion
effect discussed above, the emotion effect on LPC ampli-
tude was highly task dependent. In Experiment 2, clear
effects of emotional valence were obtained in the lexical
and semantic tasks and during explicit emotion rating. In
contrast, no effects of emotional valence on LPC ampli-
tude were found in the shallow structural task. If the LPC
reflects an elaborative processing of emotional stimuli
caused by their intrinsic relevance, this continued process-
ing might appear only when lexico-semantic aspects are
activated by specific task demands. This is not the case in
shallow structural tasks and is the case only to a very small
degree, at best, during lexical decisions.

Summary and Conclusion

The present findings are consistent with the following
notion about emotion processing in word recognition. The
emotional valence of words affects at least two processes
reflected in the two main ERP components investigated
here. First, there is a relatively early effect of emotion,
reflected in the EPN, which is independent of the task or
processing level. Because of its similarity to early ERP
effects to emotional pictures, one might suggest that the
present EPN effects for words also are the consequence
of a reflex-like allocation of attention to emotional words.
Nevertheless, the elicitation of this attention effect may be
based on a fast analysis of the words’ meaning—that is, on
the access to the verb concept. This access appears to be
automatic and independent of the task at hand, consistent
with many suggestions of word processing (Kahneman &
Chajczyk, 1983; Stroop, 1935). The strong acceleration
of this early emotion process when a semantic context
is provided by a prime word may be explained with a
valence-unspecific activation of possible conceptual verb
candidates. This sort of semantic priming may explain
why the emotion effects in the EPN are essentially un-
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altered in amplitude but become considerably shorter in
latency. That there is also some, albeit much smaller, ac-
celeration of the lexicality effect may be explained by a
preactivation of verb candidates in the visual lexicon, an
effect that may contribute, to some extent, to the semantic
priming effect. A second, later effect of emotional word
content is reflected in the LPC. This later emotion effect
depends in its amplitude on the task relevance of word
meaning’s boosting the intrinsic salience of valent words.
One may suggest that the emotional verbs that have re-
ceived more attentional resources on the processing stage
reflected in the EPN are now submitted to more elaborate
processing. This elaborate processing, however, depends
on the task at hand and is more pronounced in LDTs and,
especially so, in semantic tasks.
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NOTES

1. Perceived arousal values were obtained using a computerized ver-
sion of the self-assessment manikin (SAM; Lang & Cuthbert, 1984).

2. To make sure that the absence of any earlier emotion effects is
not due to the particular type of ERP analysis, an additional regional
analysis on the activity of five occipito-temporal electrodes (PO9,

PO10, O1, 02, and Iz) was conducted. This repeated measures ANOVA
with factors of emotion (3) and electrode (5) did not show a signifi-
cant main effect of emotion or an emotion X electrode interaction
(Fs < 1).

3. Rating values for emotional valence and imageability were ob-
tained using 7-point rating scales. Emotional arousal has been rated
using a computerized version of the SAM (Lang & Cuthbert, 1984).
Association strength was evaluated on a 5-step rating scale on which
participants had to judge to which extent the action word (verb) is a
typical follower of the noun.

4. Please, note that both verbs and nouns were unambiguous candi-
dates of their word classes.

5. Longer RTs for structural than for lexical decisions might relate to
task requirements. For structural decisions, the distractor words included
one italicized letter, which might have been detected in an up out fashion.
Therefore, RTs were shorter for distractor trials (M = 751.6) than for
correct trials (M = 845.3).

APPENDIX
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Figure Al. Distribution of the emotion effect between 368 and
488 msec obtained in Experiment 1, using an average-mastoid

reference.

(Manuscript received January 11, 2008;
revision accepted for publication September 6, 2008.)
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