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Recent data suggest that word valence modulates subsequent cognitive processing. However, the contribu-
tion of word arousal is less understood. In this study, behavioral and electrophysiological measures to neutral
nouns and pseudowords that were preceded by either a high-arousal or a low-arousal word were recorded
during a lexical decision task. Effects were found at an electrophysiological level. Target words and
pseudowords elicited enhanced N100 amplitudes when they were preceded by high- compared to
low-arousing words. This effect may reflect perceptual potentiation during the allocation of attentional re-
sources when the new stimulus is processed. Enhanced amplitudes in a late positivity when target words
and pseudowords followed high-arousal primes were also observed, which could be related to sustained at-
tention during supplementary analyses at a post-lexical level.

© 2012 Elsevier B.V. All rights reserved.
1. Introduction

The processing of emotional information has important survival
consequences for human beings. Emotions have been shown to affect
different stages of information processing, ranging from attentional
engagement to action execution. In support of this view, several
behavioral studies reported differences between the processing of af-
fective and neutral stimuli in tasks with different processing require-
ments, such as affective categorization (e.g., Dijksterhuis and Aarts,
2003), lexical decision (e.g., Thomas and LaBar, 2005) or digit-parity
(e.g., Aquino and Arnell, 2007). These findings have been confirmed
in a number of event-related potential (ERP) studies, which have
reported modulations of several early and late latency components
to various types of emotional stimuli (e.g. Carretié et al., 2007;
Delplanque et al., 2006; Hinojosa et al., 2010; Schupp et al., 2004). It
is generally assumed that differences between neutral and affective
stimuli reflect the automatic capture and engagement of attentional
resources in the processing of emotional information.

To fully understand the ways in which emotion modulates cogni-
tive processing, it is important to note that emotional and neutral
stimuli likely differ from one another in more than one dimension,
valence and arousal being the most important of them (Kensinger,
2004; Lang et al., 1997; Reisenzein, 1994; Russel, 1980). Valence re-
fers to how positive or negative an event is, whereas arousal reflects
the degree of activation associated with a stimulus. Some authors
claim that arousal is not completely independent of valence. Rather,
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arousal indicates the degree of activation of either an appetitive sys-
tem that responds to positive valence, or a defensive system that is
sensitive to negative valence (Lang et al., 1997). In accordance with
this view, some studies have found interactions between valence
and arousal during stimulus processing (Larsen et al., 2008;
Robinson et al., 2004). Other theorists argue that valence and arousal
have independent effects and should be considered as orthogonal
dimensions of the affective experience (Russel, 1980). Evidence
from research in different cognitive domains supports this distinction.
For instance, dissociations with regard to the effects of valence and
arousal have been reported within the perceptual (Anderson et al.,
2003), the mnemonic (Kensinger and Schacter, 2006), the linguistic
(Lewis et al., 2007), or the face processing (Gerber et al., 2008) domains.
A different source of evidence comes from the affective priming
literature. Affective priming refers to the faster processing of a target
word that is preceded by a prime word of a similar valence (Fazio,
2001; Herring et al., 2011; Klauer and Musch, 2003). This advantage
has been thought to operate at different processing stages. Some
authors claim emotional influences on response tendencies (Fazio,
2001), whereas others emphasize the role of affective content in
accessing target meaning following spreading activation from primes
(Klauer et al., 2005). Interestingly, the results of at least two ERP studies
suggest that valence and arousal might sometimes show different ef-
fects on target processing. In the first of these studies (Zhang et al.,
2006), the authors found larger N400 amplitudes for targets of
valence-incongruent word pairs compared to congruent pairs. The
arousal dimension was manipulated in the second study (Hinojosa et
al., 2009a), in which pairs of positive words with either high or low
arousal values were presented to participants in an arousal categoriza-
tion task. The results showed that high-arousal target words that were
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preceded by prime words with congruent high-arousal values elicited
reduced amplitude of a late positive component. Arousal effects were
interpreted in terms of a reduction in the amount of attentional re-
sources that are needed to process high-arousal targets when they
followed congruent primes.

In sum, emotional content modulates behavioral and brain re-
sponses not only to current, but also to subsequent emotional infor-
mation. However, the capacity of emotional words to attract and
engage attentional resources has led some authors to question the
cost of the processing of subsequent neutral stimuli. Indeed, negative
words have been shown to impair subsequent cognitive processing in
Posner cueing paradigms (Fox et al., 2001, Exp. 5), Stroop tasks
(McKenna and Sharma, 2004), lexical decision tasks (Calvo and
Castillo, 2005), or when they have been presented as distracters in
rapid serial visual presentation paradigms (Barnard et al., 2005). Con-
versely, a different set of studies have found facilitated processing for
neutral words when they were preceded by emotional stimuli. In a
recent work, Ode et al. (2012), found that positive word primes led
participants to judge subsequently presented neutral letters as larger
in size. Also, Stormark et al. (1995) found reduced P1 amplitudes and
shorter RTs when the target was validly cued by a negative word in a
spatial cueing task. Overall, word prime valence influences on the
subsequent processing of neutral stimuli have been explained in
terms of the capacity of affective stimuli to automatically capture at-
tentional resources when they have to compete with non-emotional
stimuli; as a consequence, the processing of a concurrent stimulus
would be modified (Calvo and Castillo, 2005; Robisnson, 1998). This
modulation seems to operate at several levels including perceptual,
attentional or response-related processing stages (Calvo and
Castillo, 2005; Ode et al., 2012; Stormark et al., 1995).

Given the importance of the arousal dimension for some theoretical
views (Russel, 1980; Lang et al., 1993), the question arises as towhether
similar effects could be found for word arousal manipulations. The an-
swer to this question remains imprecise, although there is some evi-
dence that suggests that word arousal might play an important role in
the processing of a subsequent neutral stimulus (e.g., Arnell et al.,
2007). In this regard, Ihssen et al. (2007) presented task-irrelevant pic-
tures followed by target neutral words and pseudowords in a lexical de-
cision task. High-arousal pictures reduced the amplitude of an N100 to
both target types. This finding was interpreted to reflect impaired lexi-
cal access, that is, the activation of entries in a hypothetical mental lex-
icon. Word processing difficulties on a post-lexical stage involving the
formation of semantic associations were also found for word targets
preceded by high-arousal pictures, as reflected in smaller amplitudes
of a late positivity in the N400 time range. It should be noted that
Ihssen et al. (2007) used a cross-modal design inwhich pictures instead
of words were presented as prime stimuli. It has been argued that the
processing of pictures and words differ in several important aspects.
For instance, some theoretical models (Glaser, 1992; Glaser and
Glaser, 1989) assume that pictures have a privileged access to the se-
mantic system because language perception comprises additional pro-
cessing before accessing the semantic system. It could be the case that
picture but not word arousal can capture the attention due to the fact
that information ismore directly available froma picture for early infor-
mation processing, whereas a word is a more indirect representation of
the emotion (Arnell et al., 2007). In fact, the results of several studies
have shown a differential processing of affective information in words
and pictures (De Houwer and Hermans, 1994; Hinojosa et al., 2009b;
Kensinger and Schacter, 2006). Therefore, it is an open question
whether the findings of Ihssen et al. (2007) generalize to the use of
words as primes.

At a theoretical level, the so-called ‘re-entrant processing hypothesis’
might provide a plausible explanation about how word arousal could
enhance subsequent neutral information processing (Herbert et al.,
2009). The finding of bidirectional relationships between the amygdala
and the extrastriate cortex during the processing of emotional pictures
(Sabatinelli et al., 2005), led some authors to postulate that the amygda-
la amplifies perception during the processing of emotional information
by means of reciprocal feedback connections to extrastriate regions.
Moreover, it has been shown that this perceptual facilitation also poten-
tiates attentional processing (Phelps et al., 2006). Interestingly, several
studies have shown that arousal enhances the amount of emotional
stimuli processing in the extrastriate cortex (Bradley et al., 2003;
Herbert et al., 2009) and the degree to which the amygdala responds
to affective content (Kensinger and Schacter, 2006; Phan et al., 2003).
On the basis of these findings, the possibility exists that the perceptual
enhancement extends to the processing of a new stimulus.

Therefore, the aim of the present study is to test the hypothesis
that high-arousal words influence the processing of subsequent neu-
tral words. In particular, the influence of word arousal on the subse-
quent processing of lexico-semantic information in neutral words
will be explored during a lexical decision task. To get a better under-
standing of this phenomenon, behavioral (reaction times) and
event-related potential (ERP) measures, a temporal agile signal, will
be recorded. Word processing implies different stages including letter
analysis, lexical access or semantic integration processes (Hauk et al.,
2006; Hinojosa et al., 2001; Scott et al., 2009). In this regard, ERP re-
search shows that different lexical properties of the words are linked
to distinct components. Lexicality effects have been found as early as
100 ms after word onset. They have been thought to index the pro-
cessing of the visual word form and the access to lexical information
as reflected in modulations of the N100 (e.g., Hauk et al., 2006; Sereno
et al., 1998). Furthermore, lexical processing related to the extraction
of orthographic and phonological information has shown to influence
the amplitude of the P200 (e.g., Barber et al., 2004; Sereno et al.,
1998). Subsequent lexical-semantic integration efforts related to the
formation of semantic associations have been associated with en-
hanced N400 responses (e.g., Hauk et al., 2006; Kutas and
Federmeier, 2000, 2011). Finally, the LPC seems to reflect several as-
pects of semantic retrieval, integration and revision that occur at a
post-lexical level (e.g., Kandhadai and Federmeier, 2008; Salmon
and Pratt, 2002).

Since this is a first attempt to systematically explore the influence of
word arousal in the processing of subsequent neutral words, hypothe-
ses are tentative. However, according to the ‘re-entrant processing hy-
pothesis’, it could be expected that high-arousal compared to
low-arousal word primes enhance perceptual and attentional process-
es,whichwould influence the processing of the subsequently presented
stimuli. In particular, if the findings of Ihssen et al. (2007) using pictures
as stimuli generalize to words, we would expect that the capacity of
high-arousal words to engage attentional resources would affect subse-
quent early lexico-semantic processing of both neutral words and
pseudowords. This would be reflected in a modulation of N100 ampli-
tudes. The attentional grabbing power of high-arousal words should
also influence post-lexical processing involved in the formation of se-
mantic associations, decision making and response planning of neutral
nouns. This would be reflected by amplitude modulations of the N400
and/or the LPC. Additionally, wewill examine the occurrence of possible
effects elicited by low- and high-arousal nouns during the processing of
orthographic/phonological information as reflected by the P200, since
this component has been previously observed in lexical decision tasks
(e.g., Barber et al., 2004; Hauk et al., 2006).

2. Methods and materials

2.1. Participants

Twenty right-handed native Spanish speakers participated in the
study (18 females; 17–28 years, mean 19 years; lateralization quotient
78–100%, mean 95% measured by the Edinburgh Handedness Scale,
Oldfield, 1971). All participants reported normal or corrected-to-normal
vision. They gave their informed consent to participate in the study.
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Fig. 1. Schematic illustration of the stimulation paradigm (Aventura = Adventure;
Botón = Button).
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2.2. Stimuli

All stimuli were presented black-on-white on a computer monitor,
controlled by the Gentask module of the STIM2 package (NeuroScan
Inc., Charlotte, NC). The primes and target stimuli consisted of two or
three syllable words. As primes, 40 high-arousal and 40 low-arousal
Spanish nouns were presented. They all shared a similar positive va-
lence. Positive words were chosen because stimuli with high and low
arousal ratings can be easily found, which simplifies arousal manipula-
tion. In contrast, low-arousal negative words are very rare, since nega-
tive stimuli tend to be naturally arousing (Lang et al., 1997). Two
pools of 40 neutral nouns each, as well as two pools of 40 pseudowords
were used as targets (see below). The pseudowords were created by
following orthographic and phonological Spanish rules.

Nouns were selected from a previous pilot study. A 720-noun list,
divided in three sets (240 words each) was evaluated by 45 (15 for
each set) individuals, who rated valence, arousal, and the level of con-
creteness of each noun in a 9-point Likert scale (9 being very positive,
very arousing, and very concrete, respectively). The division of the
720 words into three sets was performed as evaluating all words
would take too long for a single sample of subjects. The nouns that
were presented to participants in the ERP experiment were selected
according to several criteria that were contrasted with one-way anal-
yses of variance (ANOVAs) and post hoc analyses with the Bonferroni
correction (alphab .05): High-and low-arousal words were matched
in valence (positive) but differed in arousal. The two pools of neutral
words had similar valence and arousal but differed in both valence
and arousal from both high- and low-arousal nouns. All words were
equated in frequency of use in Spanish (Alameda and Cuetos, 1995),
word length in syllables, and concreteness. Table 1 summarizes the
mean rating for each set of stimuli in every dimension, as well as
the results of the ANOVAs.

Prime–target pairs corresponded to four experimental conditions:
low-arousal prime, word target (LoW); low-arousal prime, pseudoword
target (LoP); high-arousal prime, word target (HiW); and high-arousal
prime, pseudoword (HiP). To minimize stimulus order effects, trials
were made by combining high- and low-arousal words with neutral
nouns and pseudowords of the two pools according to a Latin square de-
sign. Although in different pairs, high- and low-arousal nounswere pres-
ented twice during an experimental session, once as primes of a neutral
word and once as primes of a pseudoword.

2.3. Procedure

A total of 160 trials were presented to participants in two separate
blocks of 80 trials during each experimental session. The order of pre-
sentation of blocks was counterbalanced across participants. Each
block included 20 pairs belonging to each of the four experimental con-
ditions. Every low- andhigh-arousal primewas presented once during a
sequence. Every neutral noun and pseudoword was presented once
during the experimental session. Participants performed a lexical
Table 1
Means of arousal (1, calming to 9, arousing), valence (1, negative to 9, positive) and concret
of syllables) and frequency are also provided.

Valence Arousal

High arousing 7.7 7.26
Low arousing 7.72 2.67
Neutral pool I 5.14 5.15
Neutral pool II 5.1 5.13
Pseudoword pool I – –

Pseudoword pool II – –

One-way ANOVA on each factor F3,117=636.92⁎⁎⁎ F3,117=596.15⁎⁎⁎

ns, non-significant.
⁎⁎⁎ pb .001.
decision task on the second stimuli of each pair. Fig. 1 exemplifies the
procedure. Each trial began with a fixation point presented for
500 ms. Following the fixation, a prime noun was presented for
200 ms and was replaced by a white screen for 100 ms, immediately
followed by the target stimulus for 300 ms. This temporal interval
was employed because it has shown to provoke reliable emotion effects
on subsequent target processing in affective priming paradigms
(Hinojosa et al., 2009a; Zhang et al., 2006). The intertrial interval was
2500 ms.

Participants were instructed to silently read the first word but
only respond to the second word. They made a finger-press response
to indicate whether a visually presented letter string was a word or a
pseudoword. Participants were told to respond as quickly and accu-
rately as possible and to minimize blinking. A 5-minute break was
allowed between the two blocks. A practice run was presented before
eness (1, abstract to 9, concrete) assessments to each word type. Word length (number

Concreteness Frequency of use
(per 2,000,000 words)

Length

6.14 116 2.98
6.14 115 2.95
6.23 113 3.10
6.25 118 2.85
– – 3.13
– – 3.00
F3,117=0.05ns F3,117=0.007ns F5,195=0.585ns
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the first experimental sequence. As in previous research, with the
purpose of minimizing confounding repetition effects subjects read
aloud in a paper list the 40 low- and 40 high-arousal words used in
the experiment before the practice sequence (see Hinojosa et al.,
2009a, for details).

2.4. Data acquisition

Electroencephalographic signals (EEG) were recorded using an
electrode cap (ElectroCap International) with tin electrodes. A total
of 62 electrodes distributed over the entire scalp were used (see
Fig. 2). All were online referenced to the average mastoids. Bipolar
horizontal and vertical electrooculogram was recorded for artifact re-
jection purposes. Electrode impedances were kept below 5 kΩ. Τhe
signals were recorded continuously with a bandpass from 0.1 to
50 Hz (3 dB points for −6 dB octave roll-off) and a digitization sam-
pling rate of 250 Hz.

2.5. Data analysis

Trials with reaction times (RTs) longer than 1500 ms or shorter
than 200 ms were not included in the analysis. Also, those trials
with omissions and false alarms were excluded from the RT analyses.
RTs and error rates were analyzed by means of repeated measures
ANOVAs with two within subjects factors: Arousal (two levels:
high- and low-arousal primes) and Target type (two levels: neutral
words and pseudowords). Average ERPs from −500 to 800 ms after
the presentation of every type of target stimulus were computed sep-
arately. Thus, pre-target activity included prime presentation (prime
onset −300 ms). Electrophysiological data were filtered offline
from 0.1 to 30 Hz. Eye movements were corrected using the method
described by Semlitsch et al. (1986). Remaining artifacts were re-
moved after visual inspection. Datawas baseline correctedusing the en-
tire 200 ms before prime onset as baseline (from −500 to −300 ms).
Statistical analyses were performed in six selected components. Two
of these components were elicited by the primes — N100pr and
P200pr — whereas the remaining four components — N100tg, P200tg,
Fig. 2. Scalp regions in which ERPs were grouped for statistical contrasts. FP = fronto-
polar, LF = left frontal; MF = middle frontal; RF = right frontal; LC = left central;
MC = middle central; RC = right central; LP = left parietal; CP = central parietal;
RP = right parietal; OC = occipital.
N400tg and Late positive component (LPCtg; see Results) — followed
target presentation. Peak latencies for each participant were
determined within a particular time range for every component at a
representative electrode (Cz; after prime presentation: N100pr, 60–
120 ms; P200pr, 175–275 ms; after target presentation: N100tg, 60–
120 ms; P200tg, 175–275 ms; N400tg, 250–450 ms; LPCtg, 450–
700 ms). Amplitude was measured as the mean voltage within a
particular time interval. These intervals were determined by time seg-
ments around the mean peak latency for every subject (N100pr and
N100tg, 24 ms; P200pr and P200tg, 50 ms; N400tg, 100 ms; LPCtg,
150 ms). Defining regional means instead of using electrode informa-
tion has been reported to enhance the reliability of the estimate used
as dependent variable (Keil et al., 2003; Ihssen et al., 2007). Eleven re-
gions of interest (ROI) were computed out of the 62 electrodes. These
regions are shown in Fig. 2. Therefore, in the present study the same
components were measured in different ROIs. Although a particular
component may show different latencies at different ROIs, measuring
amplitudes in the same time interval in all ROIs allows a better topo-
graphical characterization of the effects. In fact, it has been suggested
that peak latency measurements should not be taken at different elec-
trodes/ROIs because the definition of the peak would be extremely sus-
ceptible to noise (Picton et al., 2000).

Firstly, overall repeated-measures analyses of variance (ANOVAs)
were first conducted to compare peak latencies and amplitudes between
the ERPs elicited by target neutral words and pseudowords preceded by
either low- or high-arousal words. The ANOVAs included three
within-subjects factors: Arousal (two levels: high- and low-arousal
primes), Target type (two levels: neutral words and pseudowords),
and Region of interest (ROI, 11 levels). The Greenhouse–Geisser epsilon
correction was applied to adjust the degrees of freedom of the F-ratios
where necessary. In a second step, further ANOVAs were conducted for
each particular region of interest with Arousal and Target type as
within-subjects factors in order to explore possible interactions involv-
ing topographical factors. p-Values were adjusted to the Bonferroni
correction for multiple comparisons (pb .05).

3. Results

3.1. Behavioral data

The percentage of errors was 2.1% for HiW, 2.9% for LoW, 2.1% for
HiP, and 1.9% for LoP. No significant effects were found for the factor
Arousal, F(1,19)=0.25, ns, Target type, F(1,19)=0.48, ns, or the in-
teraction between Arousal and Target type, F(1,19)=2.67, ns. Mean
RTs were 626.1 ms (s.d.=97.9) for HiW, 617.6 ms (s.d.=99.7) for
LoW, 686.8 ms (s.d.=104.6) for HiP, and 688.1 ms (s.d.=105.1) for
LoP. The statistical analysis of RTs revealed that in accordance with
previous findings, pseudowords elicited longer responses than
words, F(1,19)=29.72, pb .0001, ŋ2p=0.61, although this effect was
not modulated by the arousal of the previous word (F(1,19)=1.06,
ns; for the factor Arousal; F(1,19)=0.91, ns, for the interaction
between Arousal and Target type).

3.2. EEG data

A selection of the grand averages for HiW (mean number of trials
34), LoW (mean number of trials 35), HiP (mean number of trials 34)
and LoP (mean number of trials 33) is shown in Fig. 3.
Grand-averaged ERPs were characterized by a series of deflections
reflecting the rapid sequence of visual events (i.e., primes-white
screen-target). Primes elicited a negative wave reaching a maximum
amplitude around 90 ms (N100pr) after prime presentation and a
positive component peaking around 190 ms (P200pr). Regarding
prime activity, we replicated the electrocortical pattern reported by
Ihssen et al. (2007). Also, consistent with previous findings using
lexical-decision tasks (Kandhadai and Federmeier, 2008; Hauk et al.,



Fig. 3. Grand average ERPs elicited by target neutral nouns and pseudowords precededby either high-arousing or low arousingwords. Those components inwhich significant effectswere
reported are shown at a representative electrode.
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2006; Ihssen et al., 2007), target items in all conditions elicited an ini-
tial negativity peaking around 100 ms (N100tg) and a positivity
peaking around 225 ms (P200tg). These components were followed
by a negativity peaking around 350 ms (N400tg) and a late positivity
peaking around 575 ms (LPCtg).
3.3. Prime related activity

3.3.1. N100pr effects
Table 2 summarizes peak latency values for all experimental con-

ditions, as well as the results of the ANOVAs. All experimental catego-
ries showed similar peak latencies with a mean latency of 92 ms.
Therefore, mean amplitudes were calculated between 80 and
104 ms after prime presentation. The general ANOVA showed only a
marginal effect of Arousal, F(1,19)=4.13, p=.056, ŋ2p=0.18. No
other effects involving either the factor Arousal or Target type were
observed so no further analyses were performed.
3.3.2. P200pr effects
The analysis of peak latencies showed no differences between ex-

perimental conditions. The mean latency was 192 ms so amplitudes
were measured within the 167–217 ms time interval. The results of
the general ANOVA showed no significant effects involving either
the factors Arousal or Target type.
Table 2
Peak latency values. The results of the statistical contrasts are also provided.

N100pr P200pr N

HiW 91 ms 191 ms 8
HiP 92 ms 187 ms 9
LoW 88 ms 193 ms 9
LoP 94 ms 196 ms 9
ANOVA

Arousal F=0.04ns F=1.39ns F
Target type F=3.16ns F=0.03ns F
Arousal∗Target type F=2.04ns F=0.86ns F

d.f.=1,19; ns, non-significant.
3.4. Target related activity

3.4.1. N100tg effects
No latency differences were found between categories. The mean

latency for all conditions was 92 ms, so amplitudes were measured
within the 80–104 ms time range. The interaction of Arousal and
ROI was significant in the overall ANOVA F(10,190)=4.57, pb .05,
ŋ2p=0.2, indicating that the amplitude of this component was larger
for both HiW and HiP as compared to LoW and LoP at occipital
F(1,19)=6.95, pb .05, ŋ2p=0.27, left parietal regions F(1,19)=7.31,
pb .05, ŋ2p=0.29, and right parietal regions F(1,19)=6.77, pb .05,
ŋ2p=0.26. This effect was marginally significant at middle parietal re-
gions F(1,19)=4.08, p=.058, ŋ2p=0.18. Topographic difference
maps representing these significant effects are shown at Fig. 4.

3.4.2. P200tg effects
Analyses on peak latencies found no significant effects. The mean

latency for all the experimental condition was 225 ms. Amplitudes
were measured between 200 and 250 ms. The results of the overall
ANOVA showed no significant effects involving either the factors
Arousal or Target type. These results did not allow performing further
analyses.

3.4.3. N400tg effects
As can be seen in Table 2, therewere no differences in peak latencies

between experimental categories. Therefore, the mean peak latency of
100tg P200tg N400tg LPCtg

8 ms 226 ms 342 ms 569 ms
6 ms 225 ms 333 ms 566 ms
0 ms 227 ms 330 ms 555 ms
2 ms 225 ms 340 ms 580 ms

=0.14ns F=0.01ns F=1.38ns F=0.00ns

=2.97ns F=0.12ns F=0.00ns F=0.58ns

=1.08ns F=0.01ns F=3.23ns F=1.47ns

image of Fig.�3
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Fig. 4. Difference maps of the distribution of the N100tg and LPCtg effects. Note that individual scales have been used.
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the four conditions was assumed for analyzing amplitudes that is,
336 ms. Amplitudes weremeasuredwithin the 286–386 ms range. Sig-
nificant effects were found for Target type F(1,19)=8.09, pb .05, ŋ2p=
0.3, showing that pseudowords elicited enhanced amplitudes than neu-
tral words across the scalp.

3.4.4. LPCtg effects
Again, no differences between categories were found in the statis-

tical analyses of peak latencies (see Table 2). The mean peak latency
for all experimental conditions was 568 ms. Amplitude was mea-
sured as the mean voltage within the 492–642 ms time range. The
overall ANOVA revealed significant effects for Target type F(1,19)=
4.60, pb .05, ŋ2p=0.2, showing that the processing of pseudowords
as compared to neutral words was associated with higher amplitudes
within this interval. The interaction of Arousal by ROI F(10,190)=
5.64, pb .005, ŋ2p=0.23, also suggested that both HiW and HiP
elicited enhanced amplitudes as compared to LoW and LoP. Further
topographical analyses showed that arousal effects were noticeable
at left frontal F(1,19)=9.18, pb .05, ŋ2p=0.33, middle frontal
F(1,19)=8.93, pb .05, ŋ2p=0.24, right frontal F(1,19)=6.88, pb .05,
ŋ2p=0.27, and frontopolar F(1,19)=5.94, pb .05, ŋ2p=0.32, regions.

4. Discussion

The results of the activity elicited by primes showed that there
were no ERP differences between high- and low-arousal words. How-
ever, it should be noted that short SOA priming paradigms do not
allow an exhaustive analysis of the brain activity elicited by primes
since target presentation usually follows the presentation of the
prime after a few milliseconds. In our study, only the activity within
the first 200 ms after prime presentation could be analyzed since
primes were immediately replaced by a white screen rapidly followed
by the target. Some studies that have investigated the processing of
emotional charged words found that emotion modulates early ERP
components (Bernat et al., 2001; Scott et al., 2009), although proce-
dural peculiarities seem to constraint the generalization of these
results (e.g., short stimulus presentation near or even below the per-
ceptual threshold). Most studies indicate that emotion effects do not
start before the access to the mental lexicon at latencies of 200 ms or
later after word presentation (e.g. Carretié et al., 2008; Kissler et al.,
2007; Schacht and Sommer, 2009). Moreover, it has been recently
shown that ERP activity elicited by negative and neutral primes did
not differ when participants were required to discriminate the loca-
tion of the target (Yuan et al., 2011).

Previous research has found that word valence modulates subse-
quent cognitive processing (e.g., Barnard et al., 2005; Fox et al.,
2001). However, the influence of arousal is not as well understood.
The main result of the current study was that high-arousal in compar-
ison to low-arousal words modulated the subsequent processing of a
neutral stimulus as indexed by the amplitude differences found in the
N100tg and the LPCtg components. This effect did not vary as a func-
tion of the target type, which suggests that arousal might exert its in-
fluence via a general activation system. Word arousal did not
modulate either the amplitude of other components (P2tg, N400tg)
or behavioral measures. These results extend previous findings by
showing that in addition to word valence (e.g., Calvo and Castillo,
2005; Ode et al., 2012), word arousal tunes the brain for encoding
subsequent inputs at several processing stages during an implicit task
an in the absence of arousal conflict (e.g., congruency/incongruency of
prime and target). They also suggest that high-arousal word primes
modulate not only the processing of target words that are congruent in
arousal with the primes (Hinojosa et al., 2009a) but also the processing
of neutral target words. Pseudowords, as compared to words, were
associatedwith longer RTs, aswell as amplitude enhancements in late la-
tency components, including the N400tg and the LPCtg. These findings
are in line with the results of previous studies that presented pairs of
words in lexical decision tasks (Hill et al., 2005; Kandhadai and
Federmeier, 2008) and were thought to reflect increased difficulties in
the processing of pseudowords at a post-lexical level (see Deacon et al.,
2004; Hill et al., 2005; Kutas and Federmeier, 2000, for a detailed discus-
sion on this issue). We will focus now on the discussion of arousal influ-
ences on the subsequent processing of neutral information.

image of Fig.�4
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RTs have been thought to be sensitive to participant's
decision-making processes and task related strategies (Kounios and
Holcomb, 1992; Zhang et al., 2006). Past research has shown that pre-
vious exposure to negative words, compared to neutral words, mostly
delays RTs in tasks placing different cognitive demands (Calvo and
Castillo, 2005; Fox et al., 2001). The only previous study that found
word arousal influences on subsequent target processing at a behavioral
level reported accuracy rather than RT effects (Arnell et al., 2007). In the
present study, the arousal level of a primeword did not influence either
RTs or errors during the subsequent processing of neutral target words
and pseudowords. One possibility that could account for the lack of
behavioral effects has to do with the use of positive words as stimuli.
In this regard, lexical decision times to individual emotional words
have shown not to be modulated by the level of arousal in the case of
positive words whereas arousal seems to influence RTs to negative
words (Hofmann et al., 2009). Also in line with the current findings
are the results of an affective priming study that foundnoRT differences
in the processing of target positive words that were primed by positive
words either congruent or incongruent in arousal (Hinojosa et al.,
2009a). Our results suggest that differences in the level of arousal of
prime words do not exert any influence on the subsequent processing
of either words or pseudowords at a decision-making level. Neverthe-
less, some caution is needed when trying to interpret null effects since
these might simply indicate that decision-related processes over-
shadowed smaller arousal effects.

Words and pseudowords elicited higher N100tg amplitudes at
occipital, and right- and left-parietal electrodes when they followed
high-arousal words than when they were preceded by low-arousal
words. The N100tg effect seems to be indicating that the arousing na-
ture of the prime makes possible that more attentional resources can
be allocated to the processing of the visual features of the new stimulus.
In support of this view, theN100have been linked to endogenous atten-
tion during perceptual discrimination tasks (e.g., Hopfinger and West,
2006). This explanation also matches some of the predictions made by
the ‘re-entrant hypothesis’, which postulates that bi-directional con-
nections from the amygdala to the extrastriate cortices cause enhanced
sensory processing of emotional stimuli (Kissler et al., 2007; Sabatinelli
et al., 2005). Similar mechanisms have been proposed to explain pro-
cessing enhancements in spatial orienting tasks following the presenta-
tion of affective faces (Pourtois et al., 2004) and overestimations of
letter size after positive word primes (Ode et al., 2012). Alternatively,
the N100tg effects could be interpreted in terms of linguistic processing
since ERP modulations at similar latencies with a similar topographic
distribution have been related to both the processing of the visual
word form (Hauk et al., 2006) and lexical access (Scott et al., 2009). In
this sense, our data might be taken to suggest that a previous exposure
to a high-arousal word facilitates the subsequent processing of visual
word form features during the initial activation of compatible entries
in themental lexicon in both neutral words and pseudowords. However,
such an interpretation seems problematic when the early temporal locus
of the findings (90 ms), the lack of behavioral effects, as well as the
generalization of the N100tg to both words and pseudowords are
considered.

The interpretation in terms of sensory enhancement could also ac-
count for the differences observed between our study and Ihssen et al.
(2007) study, who found reduced N100 amplitudes to neutral words
preceded by high-arousal pictures that were related to impaired early
lexico-semantic processing. Although pictures were also presented
for a short time (100 ms) in the study by Ihssen and collaborators, a
dot mask was inserted between primes and targets that aimed to
help separating activation patterns. Therefore, differences in N100 ef-
fects could be indicating that picture processing was finished when
targets appeared in Ihssen et al. study whereas in the present study
target processing might be biased by attention that is still present in
early perceptual processing regions. Also, the different nature of the
prime stimuli used in both studies should be considered. In addition
to the existence of some differences in the processing of words and
pictures (Glaser, 1992; Glaser and Glaser, 1989), the arousing power
of words and faces has shown to be lower compared to pictures
(Keil, 2006; Schupp et al., 2004; Hinojosa et al., 2009b). It has been
proposed that the emotional intensity of a preceding event is one cru-
cial variable determining the occurrence of either facilitation or inter-
ference (Ihssen et al., 2007). In this regard, it has been found that
fearful faces facilitate early sensory processing when a subsequent
stimulus appears at the same position (Pourtois et al., 2004), or on
subsequent contrast detection tasks (Phelps et al., 2006). The results
of face studies and those of our own research suggest that less arous-
ing stimuli (words and faces) may serve as salient cues for orienting
attentional resources, resulting in a facilitatory effect at early stages
of subsequent processing. Finally, it should be noted that the N100
effects in Ihssen and collaborator's study peaked at 230 ms, which
clearly contrasts with the 90 ms locus of our effects. This difference
questions whether both components could be associated with similar
processes. In this regard, such dissociation would be in agreement
with an interpretation of the present N100tg in terms of the
allocation of attentional resources in comparison with the
linguistic-related effects found by Ihssen et al. (2007).

HiW and HiP elicited higher LPCtg amplitudes at frontal electrodes
than LoW and LoP. Research on word processing has indicated that
the N400 is often followed by a LPC with different topographic distri-
butions and latencies (Brown et al., 2000; Frishkoff, 2007). It has been
suggested that enhanced LPC amplitudes may reflect additional anal-
yses when the semantic aspects of words are difficult to process at a
postlexical level. In support of this view, higher amplitudes for
pseudowords than words have been found in priming studies using
lexical-decision tasks (Hill et al., 2005; Kandhadai and Federmeier,
2008). Specifically, frontal LPC effects during word processing such
as those reported here, have been associated to word processing
costs (Federmeier et al., 2007; Méndez-Bértolo et al., 2011;
Molinaro et al., 2012). It has been speculated that frontal LPCs reflect
the activity of prefrontal brain regions that operate in a controlled
way depending on attentional focussing during monitoring or inte-
gration of the information (Molinaro et al., 2012). Therefore, our
data would suggest that a previous exposure to a high-arousal word
triggers additional post-lexical processing during the integration of
lexical/semantic representations in neutral words. In line with the
N100tg effects, this supplementary processing might be the reflection
of sustained attention engaged in prime analysis and the enhanced
associative processing of the prime information.

To date, few studies have focused on the specific contributions of
arousal to the processing of subsequent information. In a previous
study (Hinojosa et al., 2009a), the processing of high-arousal targets
was facilitated at late processing stages by a previous exposure to a
congruent word prime, as reflected by the reduction in the amplitude
of a LPC. Late latency ERP modulations were confined to neutral tar-
gets preceded by high-arousal primes in the present study, which
also modulated early perceptual analysis and/or lexico-semantic pro-
cessing of the targets. A number of reasons might account for this dif-
ferent finding. First, although both studies tried to explore a similar
general question— how word arousal influences subsequent process-
ing — different aspects were considered. Hinojosa et al.'s study
(2009a) dealt with the processing of emotional targets whereas, in
this study, the processing of neutral targets was investigated. Second-
ly, whereas participants had to explicitly judge the arousal of the tar-
get words in Hinojosa et al. study (2009a), they had to make lexical
decisions in the current study. The use of implicit and explicit tasks
is associated with a different pattern of ERPs (see Frühhloz et al.,
2011 for a detailed discussion on this issue). Therefore, the present
study extends previous knowledge about the effects of arousal on
the processing of subsequent stimuli by showing that high-arousal
primes influence different processes depending on the affective or
the neutral connotation of the adjacent word.
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A final word should be devoted to notice some limitations of the
present study. The use of positive words limits the generalization of
these data to negative valence words. This is especially relevant in
light of some data that show that valence and arousal interact in de-
termining conscious evaluation speed in such a way that it takes
less time for participants to identify the main theme of a picture if a
negative image is high in arousal or if a positive stimulus is low in
arousal (Robinson et al., 2004). A second limitation of this study has
to do with the fact that the semantic association between primes
and targets was not controlled across experimental conditions. How-
ever, the absence of N400tg amplitude effects when neutral words
were preceded by high-arousal versus low-arousal words suggests
that there were no differences between high-arousal/neutral and
low-arousal/neutral word pairs at an associative, semantic or categor-
ical level. Research on word priming has shown that these variables
modulate the N400 amplitude (Grose-Fifer and Deacon, 2004;
Holcomb et al., 2005).

5. Conclusions

In conclusion, an important line of study in affective research is to
determine the specific attributes of emotionally charged words that
contribute to subsequent cognitive processing. The current study
shows that implicit arousal processing may affect processing of tempo-
rally adjacent/subsequent stimuli. High-arousal as compared to
low-arousal words exert differential effects on the subsequent analysis
of neutral words and pseudowords. It is suggested that, at early stages,
the processing of neutral words and pseudowords reflects perceptual
enhancement that potentiates attentional processing after the presen-
tation of high-arousal primes. Enhanced post-lexical analyses could ac-
count for later effects. Our results indicate that research on affective
processing should not only consider valence effects but also the contri-
bution of arousal. In this regard, some recent theoretical proposals point
out that arousal influences an initial ‘relevance check’ that determines
the amount of attentional allocation and this check is performed even
before the processing of valence and other stimulus dimensions
(Schimmack, 2005). Future work should elucidate whether word
arousal effects on subsequent language processing generalize to other
cognitive domains.

Acknowledgments

This work was supported by grant PSI2009-08607 from the
Ministerio de Ciencia e Innovación of Spain. We acknowledge B. Valdés
and M. Fernández-Cahill for their highly valuable comments.

References

Alameda, J.R., Cuetos, F., 1995. Diccionario de frecuencias de las unidades lingüísticas
del castellano. Universidad de Oviedo, Oviedo.

Anderson, A.K., Christoff, K., Stappen, I., Panitz, D., Ghahremani, D.G., Glover, G.,
Gabrieli, J.D., Sobel, N., 2003. Dissociated neural representations of intensity and
valence in human olfaction. Nature Neuroscience 6, 196–202, http://dx.doi.org/
10.1038/nn1001.

Aquino, J.M., Arnell, K.M., 2007. Attention and the processing of emotional words: dis-
sociating effects of arousal. Psychonomic Bulletin and Review 14, 430–435.

Arnell, K.M., Killman, K.V., Fijavz, D., 2007. Blinded by emotion: target misses follow at-
tention capture by arousing distracters in RSVP. Emotion 7, 465–477, http://
dx.doi.org/10.1037/1528-3542.7.3.465.

Barber, H., Vergara, M., Carreiras, M., 2004. Syllable-frequency effects in visual word
recognition: evidence from ERPs. Neuroreport 15, 545–548.

Barnard, P.J., Ramponi, C., Battye, G., Mackintosh, B., 2005. Anxiety and the deployment
of visual attention over time. Visual Cognition 12, 181–211, http://dx.doi.org/
10.1080/13506280444000139.

Bernat, E., Bunce, S., Shevrin, H., 2001. Event-related brain potentials differentiate pos-
itive and negative mood adjectives during both supraliminal and subliminal visual
processing. International Journal of Psychophysiology 42, 11–34, http://dx.doi.org/
10.1016/S0167-8760(01)00133-7.

Bradley, M.M., Sabatinelli, D., Lang, P.J., Fitzsimmons, J.R., King, W., Desai, P., 2003. Ac-
tivation of the visual cortex in motivated attention. Behavioral Neuroscience 117,
369–380, http://dx.doi.org/10.1037/0735-7044.117.2.369.
Brown, C.M., Hagoort, P., Chwilla, D.J., 2000. An event-related brain potential analysis of
visual word priming effects. Brain and Language 72, 158–190, http://dx.doi.org/
10.1006/brln.1999.2284.

Calvo, M.G., Castillo, M.D., 2005. Foveal vs. parafoveal attention-grabbing power of
threat-related information. Experimental Psychology 52, 150–162, http://
dx.doi.org/10.1027/1618-3169.52.2.150.

Carretié, L., Hinojosa, J.A., López-Martín, J., Tapia, M., 2007. An electrophysiological study
on the interaction between emotional content and spatial frequency of visual stimuli.
Neuropsychologia 46, 1187–1195, http://dx.doi.org/10.1016/j.jneumeth.2007.05.030.

Carretié, L., Hinojosa, J.A., Albert, J., López-Martín, S., de la Gándara, B.S., Igoa, J.M., Sotillo,
M., 2008. Modulation of ongoing cognitive processes by emotionally intense words.
Psychophysiology 45, 188–196, http://dx.doi.org/10.1111/j.1469-8986.2007.00617.x.

De Houwer, J., Hermans, D., 1994. Differences in the affective processing of words and
pictures. Cognition and Emotion 8, 1–20.

Deacon, D., Dynowska, A., Ritter, W., Grose-Fifer, J., 2004. Repetition and semantic
priming of nonwords: implications for theories of N400 and word recognition. Psy-
chophysiology 41, 60–74, http://dx.doi.org/10.1111/1469-8986.00120. 60.

Delplanque, S., Silvert, L., Hot, P., Rigoulot, S., Sequira, H., 2006. Arousal and valence effects
on event-related P3a and P3b during emotional categorization. International Journal
of Psychophysiology 60, 315–322, http://dx.doi.org/10.1016/j.ijpsycho.2005.06.006.

Dijksterhuis, A., Aarts, H., 2003. On wildebeests and humans: the preferential detection
of negative stimuli. Psychological Science 14, 14–18, http://dx.doi.org/10.1111/
1467-9280.t01-1-01412.

Fazio, R.H., 2001. On the automatic activation of associated evaluations: an overview.
Cognition and Emotion 15, 115–141, http://dx.doi.org/10.1080/0269993004200024.

Federmeier, K.D., Wlotko, E.W., De Ochoa-Dewald, E., Kutas, M., 2007. Multiple effects
of sentential constraint on word processing. Brain Research 1146, 75–84, http://
dx.doi.org/10.1016/j.brainres.2006.06.101.

Fox, E., Russo, R., Bowles, R., Dutton, K., 2001. Do threatening stimuli draw or hold vi-
sual attention in subclinical anxiety? Journal of Experimental Psychology. General
130, 681–700, http://dx.doi.org/10.1037/0096-3445.130.4.681.

Frishkoff, G.A., 2007. Hemispheric differences in strong versus weak semantic priming:
evidence from event-related brain potentials. Brain and Language 100, 23–43,
http://dx.doi.org/10.1016/j.bandl.2006.06.117.

Frühhloz, S., Jellinghaus, A., Herrmann, M., 2011. Time course of implicit processing and
explicit processing of emotional faces and emotional words. Biological Psychology
87, 265–274, http://dx.doi.org/10.1016/j.biopsycho.2011.03.008.

Gerber, A.J., Posner, J., Gorman, D., Colibazzi, T., Yu, S., Wang, Z., Kangarlu, A., Zhu, H.,
Russell, J., Peterson, B.S., 2008. An affective circumplex model of neural systems
subserving valence, arousal, and cognitive overlay during the appraisal of
emotional faces. Neuropsychologia 46, 2129–2139, http://dx.doi.org/10.1016/
j.neuropsychologia.2008.02.032.

Glaser, W.R., 1992. Picture naming. Cognition 42, 61–105, http://dx.doi.org/10.1016/
0010-0277(92)90040-O.

Glaser, W.R., Glaser, M.O., 1989. Context effects on Stroop-like word and picture pro-
cessing. Journal of Experimental Psychology. General 118, 13–42, http://
dx.doi.org/10.1037/0096-3445.118.1.13.

Grose-Fifer, J., Deacon, D., 2004. Priming by natural category membership in the left
and right cerebral hemispheres. Neuropsychologia 42, 1948–1960, http://
dx.doi.org/10.1016/j.neuropsychologia.2004.04.024.

Hauk, O., Davis,M.H., Ford,M., Pulvermüller, F.,Marslen-Wilson,W.D., 2006. The time course
of visual word recognition as revealed by linear regression analysis of ERP data.
NeuroImage 30, 1383–1400, http://dx.doi.org/10.1016/j.neuroimage.2005.11.048.

Herbert, C., Ethofer, T., Anders, S., Junghofer, M., Wildgruber, D., Grodd, W., Kissler, J.,
2009. Amygdala activation during reading of emotional adjectives — an advantage
for pleasant content. Social Cognitive and Affective Neuroscience 4, 35–49, http://
dx.doi.org/10.1093/scan/nsn027.

Herring, D.R., Taylor, J.H., White, K.R., Crites, S.L., 2011. Electrophysiological responses
to evaluative priming: the LPP is sensitive to incongruity. Emotion 11, 794–806,
http://dx.doi.org/10.1037/a0022804.

Hill, H., Ott, F., Weisbrod, M., 2005. SOA-dependent N400 and P300 semantic priming ef-
fects using pseudoword primes and a delayed lexical decision. International Journal
of Psychophysiology 56, 209–221, http://dx.doi.org/10.1016/j.ijpsycho.2004.12.004.

Hinojosa, J.A., Martín-Loeches, M., Rubia, F.J., 2001. Event-related potentials and
semantics: an overview and an integrative proposal. Brain and Language 78,
128–139, http://dx.doi.org/10.1006/brln.2001.2455.

Hinojosa, J.A., Carretié, L., Méndez-Bértolo, C., Míguez, A., Pozo, M.A., 2009a. Arousal
contributions to affective priming: electrophysiological correlates. Emotion 9,
164–171, http://dx.doi.org/10.1037/a0014680.

Hinojosa, J.A., Carretié, L., Valcárcel, M.A., Méndez-Bértolo, C., Pozo, M.A., 2009b.
Electrophysiological differences in the processing of affective information in
words and pictures. Cognitive, Affective and Behavioral Neuroscience 9, 173–189,
http://dx.doi.org/10.3758/CABN.9.2.173.

Hinojosa, J.A., Méndez-Bértolo, C., Pozo, M.A., 2010. Looking at emotional words is not
the same as reading emotional words: behavioral and neural correlates.
Psychophysiology 47, 748–757, http://dx.doi.org/10.1111/j.1469-8986.2010.00982.x.

Hofmann, M.J., Kuchinke, L., Tamm, S., Vo, M.L.H., Jacobs, A.M., 2009. Affective process-
ing within 1/10th of a second: high arousal is necessary for early facilitative pro-
cessing of negative but not positive words. Cognitive, Affective and Behavioral
Neuroscience 9, 389–397, http://dx.doi.org/10.3758/9.4.389.

Holcomb, P.J., Reder, L., Misra, M., Grainger, J., 2005. The effects of prime visibility on
ERP measures of masked priming. Cognitive Brain Research 24, 155–172, http://
dx.doi.org/10.1016/j.cogbrainres.2005.01.003.

Hopfinger, J.B., West, V.M., 2006. Interactions between endogenous and exogenous at-
tention on cortical visual processing. NeuroImage 31, 774–789, http://dx.doi.org/
10.1016/j.neuroimage.2005.12.049.

http://dx.doi.org/10.1038/nn1001
http://dx.doi.org/10.1037/1528-3542.7.3.465
http://dx.doi.org/10.1080/13506280444000139
http://dx.doi.org/10.1016/S0167-8760(01)00133-7
http://dx.doi.org/10.1037/0735-7044.117.2.369
http://dx.doi.org/10.1006/brln.1999.2284
http://dx.doi.org/10.1027/1618-3169.52.2.150
http://dx.doi.org/10.1016/j.jneumeth.2007.05.030
http://dx.doi.org/10.1111/j.1469-8986.2007.00617.x
http://dx.doi.org/10.1111/1469-8986.00120. 60
http://dx.doi.org/10.1016/j.ijpsycho.2005.06.006
http://dx.doi.org/10.1111/1467-9280.t01-1-01412
http://dx.doi.org/10.1111/1467-9280.t01-1-01412
http://dx.doi.org/10.1080/0269993004200024
http://dx.doi.org/10.1016/j.brainres.2006.06.101
http://dx.doi.org/10.1037/0096-3445.130.4.681
http://dx.doi.org/10.1016/j.bandl.2006.06.117
http://dx.doi.org/10.1016/j.biopsycho.2011.03.008
http://dx.doi.org/10.1016/j.neuropsychologia.2008.02.032
http://dx.doi.org/10.1016/j.neuropsychologia.2008.02.032
http://dx.doi.org/10.1016/0010-0277(92)90040-O
http://dx.doi.org/10.1016/0010-0277(92)90040-O
http://dx.doi.org/10.1037/0096-3445.118.1.13
http://dx.doi.org/10.1016/j.neuropsychologia.2004.04.024
http://dx.doi.org/10.1016/j.neuroimage.2005.11.048
http://dx.doi.org/10.1093/scan/nsn027
http://dx.doi.org/10.1037/a0022804
http://dx.doi.org/10.1016/j.ijpsycho.2004.12.004
http://dx.doi.org/10.1006/brln.2001.2455
http://dx.doi.org/10.1037/a0014680
http://dx.doi.org/10.3758/CABN.9.2.173
http://dx.doi.org/10.1111/j.1469-8986.2010.00982.x
http://dx.doi.org/10.3758/9.4.389
http://dx.doi.org/10.1016/j.cogbrainres.2005.01.003
http://dx.doi.org/10.1016/j.neuroimage.2005.12.049


151J.A. Hinojosa et al. / International Journal of Psychophysiology 86 (2012) 143–151
Ihssen, N., Heim, S., Keil, A., 2007. The costs of emotional attention: affective processing
inhibits subsequent lexico-semantic analysis. Journal of Cognitive Neuroscience
19, 1932–1949, http://dx.doi.org/10.1162/jocn.2007.19.12.1932.

Kandhadai, P., Federmeier, K.D., 2008. Summing it up: semantic activation processes in
the two hemispheres as revealed by event-related potentials. Brain Research 1233,
146–159, http://dx.doi.org/10.1016/j.brainres.2008.07.043.

Keil, A., Stolarova, M., Heim, S., Gruber, T., Müller, M.M., 2003. Temporal stability of
high-frequency brain oscillations in the human EEG. Brain Topography 16,
101–110.

Keil, A., 2006. Macroscopic brain dynamics during verbal and pictorial processing of af-
fective stimuli. Prog. Brain. Res. 156, 217–232.

Kensinger, E.A., 2004. Remembering emotional experiences: the contribution of va-
lence and arousal. Reviews in the Neurosciences 15, 241–251.

Kensinger, E.A., Schacter, D.L., 2006. Processing emotional pictures and words: effects
of valence and arousal. Cognitive, Affective and Behavioral Neuroscience 6,
110–126, http://dx.doi.org/10.3758/CABN.6.2.

Kissler, J., Herbert, C., Peyk, P., Junghofer, M., 2007. Buzzwords: early cortical responses
to emotional words during reading. Psychological Science 18, 475–480, http://
dx.doi.org/10.1111/j.1467-9280.2007.01924.x.

Klauer, K.C., Musch, J., 2003. Affective priming: findings and theories. In: Musch, J.,
Klauer, K.C. (Eds.), The psychology of evaluation: affective processing. Cognition
emotion. Lawrence Erlbaum, Mahwah, NJ, pp. 7–49.

Klauer, K.C., Musch, J., Eder, A.B., 2005. Priming of semantic classifications: late and re-
sponse related, or earlier and more central? Psychonomic Bulletin and Review 12,
897–903, http://dx.doi.org/10.3758/BF03196783.

Kounios, J., Holcomb, P.J., 1992. Structure and process in semanticmemory: evidence from
event-related brain potentials and reaction times. Journal of Experimental Psycholo-
gy. General 121, 459–479, http://dx.doi.org/10.1037/0096-3445.121.4.459.

Kutas, M., Federmeier, K.D., 2000. Electrophysiology reveals semantic memory usage in
language comprehension. Trends in Cognitive Science 4, 463–470, http://
dx.doi.org/10.1016/S1364-6613(00)01560-6.

Kutas, M., Federmeier, K.D., 2011. Thirty years and counting: finding meaning in the
N400 component of the event-related brain potentials. Annual Review of Psychol-
ogy 62, 621–647, http://dx.doi.org/10.1146/annurev.psych.093008.131123.

Lang, P.J., Greenwald, M.K., Bradley, M.M., Hamm, A.O., 1993. Looking at pictures: affec-
tive, facial, visceral and behavioral reactions. Psychophysiology 30, 261–273,
http://dx.doi.org/10.1111/j.1469-8986.1993.tb03352.x.

Lang, P.J., Bradley, M.M., Cuthbert, B.N., 1997. Motivated attention: affect, activation,
and action. In: Lang, P.J., Simons, R.F., Balaban, M.T. (Eds.), Attention and orienting:
sensory and motivational processes. Erlbaum, Mahwah, NJ, pp. 97–135.

Larsen, R.J., Mercer, K.A., Balota, D.A., Strube, M.J., 2008. Not all negative words slow
down lexical decision and naming speed: importance of word arousal. Emotion
8, 445–452, http://dx.doi.org/10.1037/1528-3542.8.4.445.

Lewis, P.A., Critchley, H.D., Rotshein, P., Dolan, R.J., 2007. Neural correlates of process-
ing valence and arousal in affective words. Cerebral Cortex 17, 742–748, http://
dx.doi.org/10.1093/cercor/bhk024.

Mckenna, F.P., Sharma, D., 2004. Reversing the emotional stroop effect reveals that it is
not what it seems: the role of fast and slow components. Journal of Experimental
Psychology: Learning, Memory, and Cognition 30, 382–392, http://dx.doi.org/
10.1037/0278-7393.30.2.382.

Méndez-Bértolo, C., Pozo, M.A., Hinojosa, J.A., 2011. Word frequency modulates the pro-
cessing of emotional words: convergent behavioral and electrophysiological data.
Neuroscience Letters 494, 250–254, http://dx.doi.org/10.1016/j.neulet.2011.03.026.

Molinaro, N., Carreiras, M., Duñabeitia, J.A., 2012. Semantic combinatorial processing of
non-anomalous expressions. NeuroImage 59, 3488–3501.

Ode, S., Winters, P.L., Robinson, M.D., 2012. Approach motivation as incentive salience:
perceptual sources of evidence in relation to positive word primes. Emotion 12,
91–101.

Oldfield, R.C., 1971. The assessment and analysis of handedness: the Edinburgh Inventory.
Neuropsychologia 9, 97–113, http://dx.doi.org/10.1016/0028-3932(71)90067-4.
Phan, K.L., Taylor, S.F., Welsh, R.C., Decker, L.R., Noll, D.C., Nichols, T.E., Britton, J.C.,
Liberzon, I., 2003. Activation of the medial prefrontal cortex and extended amyg-
dala by individual ratings of emotional arousal: a fMRI study. Biological Psychiatry
53, 211–215, http://dx.doi.org/10.1016/S0006-3223(02)01485-3.

Phelps, E.A., Ling, S., Carrasco, M., 2006. Emotion facilitates perception and potentiates
the perceptual benefits of attention. Psychological Science 17, 292–299, http://
dx.doi.org/10.1111/j.1467-9280.2006.01701.x.

Picton, T.W., Bentin, S., Berg, P., Donchin, E., Hillyard, S.S., Johnson, R.J.R., et al., 2000.
Guidelines for using human event-related potentials to study cognition: recording
standards and publication criteria. Psychophysiology 37, 127–152.

Pourtois, G., Grandjean, D., Sander, D., Vuilleumier, P., 2004. Electrophysiological corre-
lates of rapid spatial orienting towards fearful faces. Cerebral Cortex 14, 619–633,
http://dx.doi.org/10.1093/cercor/bhh023.

Reisenzein, R., 1994. Pleasure-arousal theory and the intensity of emotions. Journal of
Personality and Social Psychology 3, 525–539.

Robinson, M.D., Storbeck, J., Meier, B.P., Kirkeby, B.S., 2004.Watch out! That could be dan-
gerous: valence-arousal interactions in evaluative processing. Personality and Social
Psychology Bulletin 30, 1472–1484, http://dx.doi.org/10.1177/0146167204266647.

Robisnson, M.D., 1998. Running from William James' bear: a review of preattentive
mechanisms and their contributions to emotional experience. Cognition and
Emotion 12, 667–696, http://dx.doi.org/10.1080/026999398379493.

Russel, J.A., 1980. A circumplex model of affect. Journal of Personality and Social
Psychology 39, 1161–1178, http://dx.doi.org/10.1037/h0077714.

Sabatinelli, D., Bradley, M.M., Fitzsimmons, J.R., Lang, P.J., 2005. Parallel amygdala and
inferotemporal activation reflect emotional intensity and fear relevance.
NeuroImage 24, 1265–1270, http://dx.doi.org/10.1016/j.neuroimage.2004.12.015.

Salmon, N., Pratt, H., 2002. A comparison of sentence- and discourse-level semantic
processing: an ERP study. Brain and Language 83, 367–383, http://dx.doi.org/
10.1016/S0093-934X(02)00507-2.

Schacht, A., Sommer, W., 2009. Emotions in word and face processing: early and late
cortical responses. Brain and Cognition 69, 538–550, http://dx.doi.org/10.1016/
j.bandc.2008.11.005.

Schimmack, U., 2005. Attentional interference effects of emotional pictures: threat,
negativity, or arousal? Emotion 5, 55–66, http://dx.doi.org/10.1037/1528-
3542.5.1.55 55.

Schupp, H.T., Junghofer, M., Weike, A.I., Hamm, A.O., 2004. The selective processing of
briefly presented pictures: an ERP analysis. Psychophysiology 41, 441–449,
http://dx.doi.org/10.1111/j.1469-8986.2004.00174.x.

Scott, G.C., O'Donnell, P.J., Leuthold, H., Sereno, S.C., 2009. Early emotion word process-
ing: evidence from event-related potentials. Biological Psychology 80, 95–104,
http://dx.doi.org/10.1016/j.biopsycho.2008.03.010.

Semlitsch, H.V., Anderer, P., Schuster, P., Preelich, O., 1986. A solution for reliable and
valid reduction of ocular artifacts applied to the P300 ERP. Psychophysiology 23,
695–703, http://dx.doi.org/10.1111/j.1469-8986.1986.tb00696.x.

Sereno, S.C., Rayner, K., Posner, M.I., 1998. Establishing a time-line of word recognition:
evidence from eye movements and event-related potentials. Neuroreport 9,
2195–2200.

Stormark, K.M., Nordby, H., Hugdahl, K., 1995. Attentional shifts to emotionally charged
cues: behavioural and ERP data. Cognition and Emotion 9, 507–523, http://
dx.doi.org/10.1080/02699939508408978.

Thomas, L.A., LaBar, K.S., 2005. Emotional arousal enhancesword repetition priming. Cog-
nition and Emotion 19, 1027–1047, http://dx.doi.org/10.1080/02699930500172440.

Yuan, J., Lu, H., Yang, J., Li, H., 2011. Do not neglect small troubles: moderately negative
stimuli affect target processing more intensely tan highly negative stimuli. Brain
Research 30, 84–95, http://dx.doi.org/10.1016/j.jadohealth.2003.10.009.

Zhang, Q., Lawson, A., Guo, C., Jiang, Y., 2006. Electrophysiological correlates of visual
affective priming. Brain Research Bulletin 71, 316–323, http://dx.doi.org/10.1016/
j.brainresbull.2006.09.023.

http://dx.doi.org/10.1162/jocn.2007.19.12.1932
http://dx.doi.org/10.1016/j.brainres.2008.07.043
http://dx.doi.org/10.3758/CABN.6.2
http://dx.doi.org/10.1111/j.1467-9280.2007.01924.x
http://dx.doi.org/10.3758/BF03196783
http://dx.doi.org/10.1037/0096-3445.121.4.459
http://dx.doi.org/10.1016/S1364-6613(00)01560-6
http://dx.doi.org/10.1146/annurev.psych.093008.131123
http://dx.doi.org/10.1111/j.1469-8986.1993.tb03352.x
http://dx.doi.org/10.1037/1528-3542.8.4.445
http://dx.doi.org/10.1093/cercor/bhk024
http://dx.doi.org/10.1037/0278-7393.30.2.382
http://dx.doi.org/10.1016/j.neulet.2011.03.026
http://dx.doi.org/10.1016/0028-3932(71)90067-4
http://dx.doi.org/10.1016/S0006-3223(02)01485-3
http://dx.doi.org/10.1111/j.1467-9280.2006.01701.x
http://dx.doi.org/10.1093/cercor/bhh023
http://dx.doi.org/10.1177/0146167204266647
http://dx.doi.org/10.1080/026999398379493
http://dx.doi.org/10.1037/h0077714
http://dx.doi.org/10.1016/j.neuroimage.2004.12.015
http://dx.doi.org/10.1016/S0093-934X(02)00507-2
http://dx.doi.org/10.1016/j.bandc.2008.11.005
http://dx.doi.org/10.1016/j.bandc.2008.11.005
http://dx.doi.org/10.1037/1528-3542.5.1.55 55
http://dx.doi.org/10.1037/1528-3542.5.1.55 55
http://dx.doi.org/10.1111/j.1469-8986.2004.00174.x
http://dx.doi.org/10.1016/j.biopsycho.2008.03.010
http://dx.doi.org/10.1111/j.1469-8986.1986.tb00696.x
http://dx.doi.org/10.1080/02699939508408978
http://dx.doi.org/10.1080/02699930500172440
http://dx.doi.org/10.1016/j.jadohealth.2003.10.009
http://dx.doi.org/10.1016/j.brainresbull.2006.09.023
http://dx.doi.org/10.1016/j.brainresbull.2006.09.023

	High arousal words influence subsequent processing of neutral information: Evidence from event-related potentials
	1. Introduction
	2. Methods and materials
	2.1. Participants
	2.2. Stimuli
	2.3. Procedure
	2.4. Data acquisition
	2.5. Data analysis

	3. Results
	3.1. Behavioral data
	3.2. EEG data
	3.3. Prime related activity
	3.3.1. N100pr effects
	3.3.2. P200pr effects

	3.4. Target related activity
	3.4.1. N100tg effects
	3.4.2. P200tg effects
	3.4.3. N400tg effects
	3.4.4. LPCtg effects


	4. Discussion
	5. Conclusions
	Acknowledgments
	References


