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Abstract

Recent research suggests that the allocation of attentional resources to emotional content during word processing

might be sensitive to task requirements. This question was investigated in two tasks with similar instructions. The

stimuli were positive, negative, and neutral nouns. Participants had to identifymeaningful words embedded in a stream

of non-recognizable stimuli (task 1) or pseudowords (task 2). Task 1 could be successfully performed on the basis of the

perceptual featureswhereas a lexico-semantic analysis was required in task 2. Effects were found only in task 2. Positive

nouns were identified faster, with fewer errors and elicited larger amplitude in an early negativity. Also, the amplitude

of a late positivity was larger for both positive and negative nouns than for neutral nouns. It is concluded that some

degree of linguistic processing is needed to direct attention to the affective content during word processing.

Descriptors: Emotion, Language, ERPs

Emotion plays a crucial role in our everyday lives. It has been

firmly established that the processing of affective information

modulates several cognitive processes, including memory (e.g.,

Jaeger, Johnson, Corona, & Rugg, 2009; Tapia, Carretié, Sierra,

& Mercado, 2008) and attention (e.g., Carretié, Hinojosa,

Martı́n-Loeches,Mercado,&Tapia, 2004; Schupp, Stockburger,

Codispoti, Junghofer, Weike, & Hamm, 2007; Smith, Cacioppo,

Larsen, & Chartrand, 2003). Most of these studies have focused

on the processing of affective cues in image presentations. Some

authors have claimed that responses to pictorial stimuli are based

on a biological predisposition (Öhman, Flykt, & Esteves, 2001).

In contrast, the emotional significance of linguistic stimuli is

symbolic, learned, and culture mediated. Even though writing is

a powerful tool for generating emotional experiences, research on

the impact of affective information during the reading process is

scarce. Specifically, it would be interesting to characterize the

stages of linguistic processing at which emotional content influ-

ences reading and how the level of analysis of linguistic infor-

mation modulates the allocation of attentional resources to

affective processing. The present study focuses on the latter

question by recording behavioral measures and event-related

potentials (ERPs), which are particularly well-suited to study the

temporal characteristics of emotional processes.

Studies on ERPs that have investigated the interaction be-

tween language and emotion revealed that the emotional con-

notation of words modulates brain activity at several temporal

stages and scalp locations. Despite the inconsistent finding of

effects as early as the P1-N1 and P2-N2 time windows in some

studies (Bernat, Bunce, & Shevrin, 2001; Scott, O’Donnell,

Leuthold, & Sereno, 2009; Zhang, Lawson, Guo, & Jiang, 2006;

see Kissler, Assadolahi, & Herbert, 2006 for a review), two

effects seem to be particularly related to the processing of the

emotional aspects of words. The first of these effects, the ‘early

posterior negativity’ (EPN), peaks around 250 ms and shows an

occipito-temporal distribution (Herbert, Junghofer, & Kissler,

2008; Kissler, Herbert, Peyk, & Junghofer, 2007; Kissler, Her-

bert, Winkler, & Junghofer, 2009; Schacht & Sommer, 2009a,

2009b). The EPN effect is an amplitude difference between emo-

tional and neutral stimuli that has been related to effortless initial

phases of attention and evaluative processing during access to

affective information (Schupp, Junghofer, Weike, & Hamm,

2004). Whereas most of the studies have revealed that arousal

modulates the EPN effects (Herbert et al., 2008; Kissler et al.,

2007, 2009), others have reported valence influences, specifically

for positive stimuli (Hinojosa, Carretié, Valcárcel, Méndez-

Bértolo, & Pozo, 2009b; Schupp et al., 2004). Pleasant and un-

pleasant words are also typically associated with an enhancement

of a late positive component (LPC) that peaks around 500 ms

after word onset over centro-parietal brain areas (Carretié, Hi-

nojosa, Albert, López-Martı́n, de laGándara et al., 2008; Dillon,

Cooper, Grent-‘t-Jong, Woldorff, & LaBar, 2006; Herbert,

Kissler, Junghofer, Peyk, & Rockstroh, 2006; Kanske & Kotz,

2007; Schapkin, Gusev, & Kuhl, 2000). The amplitude of this

component is especially sensitive to arousal manipulations of the

stimuli (Conroy & Polich, 2007; Hinojosa, Carretié, Méndez-

Bértolo, Mı́guez, & Pozo, 2009a; Olofsson, Nordin, Sequeira, &

Polich, 2008). The LPC has been thought to reflect the functional

mobilization of attentional resources and the activation of the

The authors would like to thank the two reviewers for their highly

valuable comments on a previous version of this manuscript. This work

was supported by grant PSI2009-08607 from the Ministerio de Ciencia e

Innovación of Spain.
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motivational circuits in the brain that reflect emotional engage-

ment (Bradley & Lang, 2007; Schupp et al., 2007). A clear func-

tional distinction between these effects has been recently

established (Codispoti, Ferrari, & Bradley, 2007; Schupp et al.,

2007). Codispoti and collaborators used a picture repetition

paradigm to present emotional and neutral images in three ha-

bituation blocks and one dishabituation block. These authors

found that, whereas the amplitude of the EPN effect decreased

across blocks of stimuli in the habituation phase, it recovered

after a brief pause between blocks. Also, this decrease across

blocks was not modulated by arousal. In contrast, the amplitude

of the LPC decreased across blocks without recovering. Unlike

the EPN, emotional images continued to elicit larger amplitudes

than neutral pictures in every block. In agreement with previous

findings, it was concluded that obligatory perceptual processing

that is facilitated by active short-term memory accounted for

EPN effects, whereas the LPC reflected increased resource allo-

cation due to the motivational relevance of affective cues.

TheEPN and the LPChave been reported in a variety of tasks

imposing different demands, such as passive viewing (Herbert et

al., 2008), lexical decision (Carretié et al., 2008; Kanske & Kotz,

2007; Schacht & Sommer, 2009a), or counting a particular

grammatical category of words (Kissler et al., 2009). This evi-

dence suggests an automatic allocation of attentional resources

to the processing of the emotional content of the words. In con-

trast, the results of some studies that failed to report either EPN

or LPC responses for emotional words (Hinojosa et al., 2009b;

Schacht & Sommer, 2009a) indicate some task-dependence dur-

ing the processing of affective information. Such a divergent

pattern of results raises the question of the level of linguistic

processing that is necessary to direct attention to affective con-

tent. This question has been the focus of several ERP investi-

gations that have used a different set of tasks imposing distinct

demands on language processing. Some of these studies have

been limited to the late stages of the processing. Naumann,

Bartussek, Diedrich, and Laufer (1992) compared the processing

of positive, negative, and neutral adjectives in an affective cat-

egorization task and a structural task, in which participants had

to decide whether the word was shorter, equal, or longer than six

letters. They found an equal increment in the amplitude of the

LPC for positive and negative words as compared to neutral

words in both tasks, although with a different topography. The

authors concluded that there is a qualitative difference between

structural and explicit emotional processing. A similar conclu-

sion was reached in a subsequent experiment (Naumann, Maier,

Diedrich, Becker, & Bartussek, 1997), where negative and neu-

tral nouns were presented in a letter-search, a concrete-abstract

decision, and an affective categorization task. Only the latter task

was associated with larger LPC amplitudes for negative as com-

pared to positive words. Finally, Fischler and Bradley (2006)

found emotional modulations of the LPC when participants’ at-

tention was directed to affective content but not orthographic or

lexical aspects. Therefore, it seems that the processing of affective

information reflected by the modulation of the amplitude of the

LPC is sensitive to different task demands.

A different set of studies focused on both early and late stages

of the processing. In a study by Kissler and co-workers (2009),

positive, negative, and neutral words were presented to partic-

ipants in a silent reading task and a grammatical judgment in

which they had to count either nouns or adjectives. Positive and

negative words as compared to neutral words elicited enhanced

EPN amplitudes in both the passive viewing and the grammatical

task. Also, the LPCwas larger for pleasantwords as compared to

negative and neutral words in the silent reading task and for the

attended word class. Since there were no interferences between

task and emotional content, the authors concluded that the im-

plicit processing of the emotional content of words is indepen-

dent of a grammatical decision. In Experiment 2 of Schacht and

Sommer’s study (2009a), the authors investigated how the pres-

ence of a minimal previous neutral semantic context influenced

affective processing under different task demands by presenting

emotional target verbs that were preceded by nouns. Specifically,

participants had to perform a lexical decision task, a semantic

judgment about whether the target verb was a meaningful fol-

lower of the preceding noun, and a structural decision task in

which they had to decide whether all the letters within the string

of the target verb were written in the same font or not. Schacht

and Sommer reported enhanced EPN amplitudes for negative

and positive verbs as compared to neutral verbs that were inde-

pendent of the level of processing. Also, the amplitude of the

LPC was larger for positive and negative verbs in all tasks with

the exception of the structural task. The authors concluded that

the level of the processing of linguistic information influences the

access to affective information at late but not at early stages.

Interestingly, Experiment 1 investigated emotional processing

during single word processing by presenting the same target verbs

in a lexical decision task. However, they found a rather different

pattern of results consisting of an enhanced EPN for positive and

negative verbs with an unusually delayed latency (starting

around 320 ms) compared to other studies and an absence of

LPC modulations. Overall, the results of the study by Schacht

and Sommer suggest that the presence of a semantic context

interacts with task demands during the processing of affective

information.

It is thus noteworthy that previous studies that have explicitly

focused on the influence of task demands in the processing of

linguistic affective information have either used tasks that did not

require lexico-semantic processing explicitly (Kissler et al., 2009),

focused on the late stages of the processing (Fischler & Bradley,

2006; Naumann et al., 1992; Naumann et al., 1997) or provided a

semantic context that could have resulted in a facilitated pro-

cessing of the emotional aspects (Schacht & Sommer, 2009a).

The results of these studies suggest that the emotional effects

reflected by the EPN are task-independent. However, the find-

ings of a recent study (Hinojosa et al., 2009b) are problematic for

this view. In this study, positive, negative, and neutral nouns as

well as non-recognizable stimuli were presented at a high rate of

stimulation and with no inter-stimulus interval. Participants had

to press a button every time they detected a meaningful word.

Interestingly, even though a clear EPN effect was apparent at

parieto-occipital regions, there were no amplitude differences

between emotional and neutral words. The authors concluded

that this lack of effects could be tentatively attributed to the

salient perceptual differences between meaningful and non-rec-

ognizable stimuli. Under these circumstances, the processing of

the linguistic features (including lexico-semantic aspects) of the

words was not mandatory in order to successfully perform the

task. As a consequence, it seems that emotional content was not

processed. To what extent these findings generalize to a situation

that forces the processing of lexico-semantic aspects is a question

that has not yet been addressed.

The aim of the present study is to further investigate the pro-

cessing requirements that are necessary to direct attention to

affective information at an early and a late stage of single-word
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processing (as indexed by the EPN effect and the LPC, respec-

tively). For this purpose we measured ERPs and behavioral data

(Reaction Times [RTs], and errors/omissions) in two indirect

tasks with similar instructions but different processing demands.

To replicate previous findings, participants were instructed to

detect meaningful words embedded in a stream on non-recog-

nizable stimuli in task 1. No amplitude differences between emo-

tional and neutral words in the time window of the EPN effects

and the LPC are expected. In task 2, attention will be directed to

the processing of lexico-semantic properties of the words by in-

structing subjects to identify meaningful words intermingled in a

sequence of pseudowords, which constitutes a variant of the

typical lexical decision task. In such a task, lexico-semantic in-

formation has to be processed for a successful discrimination of

words from pseudowords (Fujimaki, Hayakawa, Ihara, Wei,

Munetsuna et al., 2009; Ihssen, Heim, & Keil, 2007; Ray, 2008).

Whether differences between emotional and neutral wordswill be

found in the time window of the EPN effect and/or the LPC is

not known. Lexico-semantic effects in the same time-range of the

EPN and with a similar distribution have been reported (Hauk,

Davis, Ford, Pulvermüller, & Marslen-Wilson, 2006; Hinojosa,

Martı́n-Loeches, Casado, Muñoz, Carretié et al., 2001; Martı́n-

Loeches, Hinojosa, Gómez-Jarabo, & Rubia, 2001; Rudell &

Hua, 1997; see Martı́n-Loeches, 2007 for a review). Also, some

studies found modulations of the amplitude of either the EPN

(Scott et al., 2009) or the LPC (Carretié et al., 2008; Scott et al.,

2009) elicited by emotional words in typical lexical decision tasks.

This divergent pattern of results, which might be due in part to

the use of different task parameters and/or stimulus features,

shows that research with lexical decision tasks has not led to

unequivocal findings. Therefore, although some kind of modu-

lation of the EPN and/or the LPC by directing attention to le-

xico-semantic features might be hypothesized, strong predictions

cannot be made.

Methods

Subjects

Thirty-two Spanish native speakers (28 female) participated in

the study as volunteers. Their mean age was 23 (ranging between

20 and 33 years). They all were right-handed according to the

Edinburgh Handedness Inventory (Oldfield, 1971). All partici-

pants reported normal or corrected-to-normal visual acuity.

Stimulus Materials and Procedure

The complete stimulus set consisted of 240 Spanish nouns (80

positive, 80 negative, and 80 neutral). Additionally, 240 back-

ground stimuli were used in task 1, and 240 pronounceable and

orthographically legal pseudowords in task 2. Background stim-

uli weremade by cutting the 240 words in several portions. These

portions were combined randomly, resulting in non-sense stimuli

resembling the physical attributes of the words (size, color,

brightness, etc.). All stimuli were presented black-on-white on a

computer monitor, controlled by the Gentask module of the

STIM2 package (NeuroScan Inc., Charlotte, NC).

Nouns were selected from a previous pilot study. A 720-noun

list, divided in three sets (240words each) was evaluated by 45 (15

for each set) subjects, who rated valence, arousal, and the level of

concreteness of each noun in a 9-point Likert scale (9 being very

positive, very arousing, and very concrete, respectively). Division

of the 720 words into three sets was made due to the long time

that evaluating all words would take for a single sample of sub-

jects. Nouns that were presented to participants in the ERP ex-

periment were selected according to several criteria that were

contrasted with one-way analyses of variance (ANOVAs) and

post-hoc analyses with the Bonferroni correction (alphao0.05).

Positive and negative words werematched in arousal but differed

in valence. Neutral nouns differed from positive and negative

nouns in both valence and arousal. All nouns had similar fre-

quency of use in Spanish (Alameda & Cuetos, 1995; 65 positive

words, 61 negative words, 62 neutral words; F(2,158)5 0.04;

p4.05) and were equated in word length (3 syllable positive

nouns, 3 negative nouns, 2.9 neutral nouns; F(2,158)5 1.2;

p4.05). Finally, all were matched on the concreteness scale (6

positive words, 6.4 negative words, 6.3 neutral words;

F(2,158)5 1.8; p4.05). Table 1 summarizes mean ratings for

each word emotional category in the valence and arousal di-

mensions, as well as the results of the ANOVAs.

Every set of positive, negative, and neutral stimuli was divided

into two blocks of 40 nouns. Each of these two blocks had similar

levels of valence, arousal, concreteness, frequency, and length.

The blocks were alternated in tasks 1 and 2 across participants,

so every noun was presented once during an experimental ses-

sion. Figure 1 exemplifies the procedure. Stimuli were arranged

in 8 sequences for each of the tasks and presented according to

the rapid stream stimulation procedure (Hinojosa, Martı́n-Lo-

eches, Casado, Muñoz, Fernández-Frı́as, & Pozo, 2001; Rudell,

1992; Zhang, Liu, & Zhang, 2009). This procedure speeds up

stimuli processing by presenting them at a high rate (with a

stimulus onset asynchrony [SOA] of 300 ms). In each of these

sequences the computer displayed mainly background stimuli

(task 1) or pseudowords (task 2). After four to seven of these

stimuli (this number being randomized), a test stimulus was pre-

sented. Each sequence included 15 test stimuli (5 positive, 5 neg-

ative, and 5 neutral nouns), together with the proportional

amount of background stimuli (task 1) or pseudowords (task 2).

The order of the test stimuli was pseudo-randomly determined,

with the constraint of no more than two of the same type oc-

curring consecutively.

Participants performed two indirect tasks. In task 1, they had

to discriminate meaningful words embedded in a sequence of

background stimuli by pressing a button as fast as possible every

time a word was detected. Our previous study (Hinojosa et al.,

2009b) showed that it is not necessary to process the linguistic

properties of the nouns in order to discriminate words from non-

sense stimuli. The lack of amplitude differences in those waves
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Table 1. Means of Valence (1, negative to 9, positive) and Arousal

(1, calming to 9, arousing) Assessments Given by the Independent

Samples of Subjects to Each Word Type

WORDS Valence Arousal

Positive 7.8 6.7
Negative 2.3 6.8
Neutral 5 5
One-way ANOVA
(Affect Type) on each factor

F(2,158)5 4606.7 F(2,158)5 214.5
po.0001 po.0001

Note: Last row shows the results of the statistical analyses for each of
these variables. Post-hoc Bonferroni analyses are reported in the main
text.



associated to affective processing suggested that target stimuli

might be identified on the basis of their great perceptual discrep-

ancy with background stimuli. Participants received the same

instruction in task 2, that is, to identify meaningful words. How-

ever, nouns were presented in a stream of pseudowords instead of

background stimuli. In this case, an analysis of the lexico-se-

mantic features of the words is necessary in order to discriminate

them from pseudowords, since both stimuli are perceptually

similar. Even though this is a highly demanding task (brief stim-

ulus presentation with no stimulus interval), it has proven to be

useful for research in semantics (Pu, Peng, Demaree, Song, Wei,

& Xu, 2005).

All 8 sequences of each task were presented consecutively.

Each participant received one of eight orders designed to min-

imize stimulus order effects. In half of the eight presentation

orders, task 1 was presented first. The remaining four presen-

tation orders began with task 2. A practice sequence was pre-

sented prior to the first sequence of each task. Participants were

told to minimize blinking during stimulus presentation.

Data Acquisition

Electroencephalographic data were recorded using an electrode

cap (Electro-Cap International, Eaton, OH) with tin electrodes.

A total of 62 electrodes homogenously distributed over the entire

scalp were used (see Figure 2). All were referenced to the linked

mastoids. Bipolar horizontal and vertical electrooculogram was

recorded for artifact rejection purposes. Electrode impedances

were kept below 3 KO. The signals were recorded continuously

with a bandpass from 0.1 to 50Hz (3 dB points for � 6 dB octave

roll-off) and a digitization sampling rate of 250 Hz.

Data Analysis

Trials with RTs longer than 1500 ms or shorter than 200 ms were

not analyzed. Also, those trials with omissions and false alarms

were excluded from the analyses. Data were filtered from 0.1 to

30 Hz. Eye movements were corrected using the method de-

scribed by Semlitsch, Anderer, Schuster, and Preelich (1986).

Remaining artifacts were removed after visual inspection. Data

was segmented from 300 ms before to 800 ms after word onset

and baseline corrected using the entire 300 ms before word onset

as baseline. When stimulus order is counterbalanced across

different stimulus categories as in this study, content-related

differences in baseline activity are cancelled out, and no differ-

ences in baseline activity are to be expected (Herbert et al., 2008;

Kissler et al., 2009; Pu et al., 2005). After the averaging of every

stimulus category, data were re-referenced to an average refer-

ence.

Overall repeated-measures ANOVAs were first conducted to

compare amplitudes between the ERPs elicited by positive, neg-

ative, and neutral nouns in the two tasks. Separate analyses were

performed for the EPN and LPC effects. Amplitude was mea-

sured as the mean voltage within a particular time interval. To

avoid a loss of statistical power when repeated-measures ANO-

VAs are used to quantify large numbers of electrodes (Oken &

Chiappa, 1986), eleven regions of interest were computed out of

the 62 electrodes. The activity across electrodes was averaged

within each region of interest (ROI). These regions are shown in

Figure 2.

The ANOVA included three within-subjects factors: Task

(two levels: lexico-semantic and perceptual discrimination),

Affective Type (three levels: positive, negative, and neutral),

and Region of Interest (11 levels). The Greenhouse-Geisser ep-

silon correction was applied to adjust the degrees of freedom of

the F-ratios where necessary. In a second step and in order to

explore possible interactions involving topographical factors,

further ANOVAs were conducted for each particular ROI with

Affective Type and Task as within-subjects factors.P-values were

adjusted to the Bonferroni correction for multiple comparisons

(po.05). Finally, follow-up planned comparisons with the Bon-

ferroni correction (po.05) were made for determining the sig-

nificance of pairwise contrasts where appropriate.

Results

Behavioral Data

There were 3,840 epochs in each task (40 averages per each of the

3 word categories in 32 participants). In the perceptual discrim-

ination task, the mean number of errors was 0.6 (s.d.5 0.9) for

positive nouns, 0.5 (s.d.5 0.8) for negative nouns and 0.7

(s.d.5 0.8) for neutral nouns. In the lexico-semantic task, the

mean number of errors was 6.7 (s.d.5 3.5) for positive nouns,

10.4 (s.d.5 4.2) for negative nouns and 12.3 (s.d.5 4.5) for neu-

tral nouns. The interaction between Task and Affective Type was

significant (F(2,62)5 32.2; po.0001). Further post-hoc analyses

with the Bonferroni correction (alphao0.05) showed that pos-

itive words elicited fewer omissions than negative and neutral

words in the lexico-semantic task. No other comparison reached

significance.

Regarding RTs, in the perceptual discrimination task, mean

RTs were 328.6 (s.d.5 30.6) for positive words, 329.7

(s.d.5 34.3) for negative words and 329.6 (s.d.5 31.8) for neu-

tral words. In the lexico-semantic task, mean RTs were 543.5
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Figure 1. Schematic illustration of the stimulation paradigm for both

tasks: A. Perceptual discrimination task (Muerte5Death; Fiesta5

Party; B. Lexico-semantic task (Nivel5Level; Éxito5 Success).



(s.d.5 47.2) for positive words, 574 (s.d.5 48.5) for negative

words, and 580.5 (s.d.5 55.4) for neutral words. The ANOVA

revealed significant effects for the Task and Affective Type in-

teraction (F(2,62)5 14.6; po.0001). Post-hoc analyses showed

that positive words were associated with shorter RTs as com-

pared to negative and neutral words in the lexico-semantic task.

Table 2 shows mean and standard deviation of RTs and omis-

sions for every word type in both tasks.

Behavioral data suggest that the perceptual discrimination

task was easier to perform than the lexico-semantic task, as re-

flected by shorter RTs and fewer errors. This conclusion is also

supported by fewer false alarms (F(1,31)5 31.1; po.0001) in the

former (mean5 4.3, s.d.5 2.4) as compared to the latter task

(mean5 14.8, s.d.5 10.1)

Electrophysiological Data

A selection of the grand averages for positive, negative, and

neutral nouns in the two tasks is shown in Figure 3. Two main

effects were noticeable.1 The first of these effects was a posterior

negative component with a frontal positive counterpart, peaking

around 250 ms after stimulus presentation (EPN), with differ-

ences notes between emotional and neutral nouns in the lexico-

semantic task. The second effect was a central positive compo-

nent with an onset around 500 ms (LPC). For statistical pur-

poses, the amplitude of the EPNwasmeasured in the 225–300ms

time-interval and the amplitude of the LPC in the 550–650 ms

time-interval. Figure 4 shows the topographic difference maps of

the distribution of the EPN and the LPC for every emotional

category in the two tasks after subtracting the activity associated

to neutral words. As indicated in the introduction, our aimwas to

study task effects during the processing of emotional content, so
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Figure 2. Scalp regions in which ERPs were grouped for statistical contrasts. FP5Frontopolar, LF5Left Frontal;MF5Middle Central;RF5Right

Central; LC5Left Central; MC5Middle Central; RC5Right Central; LP5Left Parietal; CP5Central Parietal; RP5Right Parietal;

OC5Occipital.

Table 2. Means and Standard Deviations (in parenthesis) of

Behavioral Data for Positive, Negative, and Neutral Words

Positive Negative Neutral

Perceptual Discrimination
RT (ms) 328 (30.6) 329 (34.3) 329 (31.8)
Omissions 0.6 (0.9) 0.5 (0.8) 0.7 (0.8)

Lexico-Semantic
RT (ms) 543 (47.2) 574 (48.5) 580 (55.4)
Omissions 6.7 (4.2) 10.4 (3.5) 12.3 (4.5)

1Several components were also noticeable at parieto-occipital elec-
trodes before the EPN effects in both tasks. These positivities reflect a
driving rhythm at the rate of image presentation (approximately every
300ms) that has been repeatedly observedwith the use of the rapid stream
stimulation paradigm (see Rudell, 1992, and Martı́n-Loeches, 2007, for
an extensive discussion on this issue). Since, at least froma linguistic point
of view, pseudowords are more complex stimuli than backgrounds, ad-
ditional resources might be involved in their processing. This would ac-
count for the larger amplitudes for pseudowords that are observed in the
lexico-semantic task as compared to those associated to background
processing in the perceptual discrimination task.



for the sake of clarity only the interactions involving Affective

Type and Task are further considered.

225–300 effects (EPN). The results of the overall ANOVA

revealed a significant effect of the interaction Task and Affective

Type (F(2,62)5 3.6; po.05). The interaction between Task and

Affective Type and ROI (F(20,620)5 3.3; po.05) was also sig-

nificant. The interaction between Task and Affective Type

reached significance at occipital (F(2,62)5 4; po.05), right

parietal (F(2,62)5 10.6; po.0001), middle parietal (F(2,62)5 4;

po.05) and middle frontal (F(2,62)5 4.4; po.05) regions. A

statistical trend was found at left frontal (F(2,62)5 3; p5 .06)

and right frontal (F(2,62)5 3; p5 .06) regions. In the lexico-

semantic task, differences between positive words and both

neutral and negative words were noticeable at several ROIs.

Positive nouns elicited larger amplitudes than negative and
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Figure 3.Grand averaged ERPs elicited by negative, neutral, positive nouns at a selected sample of electrodes in (A). Perceptual discrimination task and

(B). Lexico-semantic task. Scales are represented at the F5 electrode.

Figure 4. Topographic difference maps of the distribution of the EPN and the LPC for every word emotional category in (A). Perceptual discrimination

task and (B). Lexico-semantic task. The activity associated to neutral nouns has been subtracted from the activity elicited by emotional nouns.



neutral nouns at right (po.005 for the comparison between pos-

itive and negative nouns and po.0001 for the comparison be-

tween positive and neutral words) and middle parietal regions

(po.05 for the positive vs. negative words comparison and

po.005 for the positive vs. neutral nouns comparison). Positive

words were associated with enhanced amplitudes as compared to

negative words in occipital (po.05 and middle frontal regions

(po.05). It should be noted that there were no significant differ-

ences at any ROI between negative and neutral words (with p

values ranging from .478 to 1). No differences were evident in the

perceptual discrimination task in this time window.2

550–650 effects (LPC). The interaction between Task and

Affective Type and ROI reached significance in the overall

ANOVA (F(20,620)5 2.4; po.05). The Task by Affective Type

interaction was significant at occipital (F(2,62)5 5.5; po.05),

right parietal (F(2,62)5 6.9; po.005), middle central

(F(2,62)5 4.1; po.05) and right central (F(2,62)5 4.3; po.05)

regions, but only in the lexico-semantic task. Post-hoc analyses

showed that positive and negative nouns elicited larger ampli-

tudes than neutral nouns at all these ROIs (with p values ranging

from .002 at right parietal to .047 at right central electrodes in the

comparison between positive and neutral words and ranging

from .022 at occipital to .038 at right parietal electrodes in the

negative vs. neutral nouns comparison). There were no signifi-

cant differences between positive and negative words at any ROI

(with p values ranging from .556 to .999).

Discussion

The major finding of the current study is that the processing of

emotional content is affected by the level of analysis of linguistic

information during single-word processing. When the partici-

pant’s attention was directed to the analysis of lexico-semantic

features for a successful task performance, positive words were

associated with shorter RTs, fewer errors, and larger amplitudes

of an early negativity than neutral and negative words. Also, in

this task, positive and negative nouns elicited enhanced ampli-

tudes of a late positive component as compared to neutral nouns.

In contrast, neither behavioral nor electrophysiological measures

were modulated when the task could be done without directing

attention to the lexico-semantic properties of the stimuli. There-

fore, our data extends previous findings of modulations of sev-

eral affective-related ERP components by different task

demands, including grammatical decisions (Kissler et al., 2009)

or affective categorization (Herbert et al., 2006).

It has been proposed that RTs are sensitive to participants’

decision-making processes and task-related strategies (Kounios

& Holcomb, 1992; Zhang et al., 2006). The pattern of RTs re-

ported here, as well as the error rate, clearly reveals the existence

of such task-related differences in the processing of affective in-

formation. The perceptual discrimination task was associated

with shorter RTs and fewer errors than the lexico-semantic task.

This reflects the fact that participants chose different approaches

for performing the two tasks even though the instructions were

the same for both of them. The absence of differences between

emotional and neutral stimuli in behavioral data in the percep-

tual discrimination task is in agreement with the findings of our

previous study (Hinojosa et al., 2009b). This lack of effects could

be at least partially attributed to the great perceptual differences

betweenwords and background stimuli. Thismakes the task easy

to perform on the basis of this discrepancy so it might not be

necessary to process lexico-semantic aspects of words in order to

successfully discriminate them from background. As a conse-

quence, attention is not directed to the affective content of the

words. In contrast, positive words elicited shorter RTs and fewer

errors than negative and neutral words when lexico-semantic

aspects needed to be processed in order to achieve a successful

task performance. This is in line with previous research that has

reported that positive words speed lexical decision times (Car-

retié et al., 2008; Kanske & Kotz, 2007; Kuchinke, Jacobs,

Grubich, Vo, Conrad, & Herrmann, 2005; Kuchinke, Vo, Hof-

mann, & Jacobs, 2007; Williamson, Harpur, & Hare, 1991). All

in all, behavioral data supports a processing advantage for pos-

itive nouns when participants processed the lexico-semantic fea-

tures of the words.

In agreement with behavioral measures and previous research

(Hinojosa et al., 2009b), no EPN effects were found in the per-

ceptual-discrimination task. Again, a failure to process the le-

xico-semantic properties of the words might explain this lack of

effects. In the lexico-semantic task, positive words were associ-

ated with larger amplitudes of the EPN, starting at around 200

ms, in posterior regions as compared to negative and neutral

words. EPN effects with similar onsets and topographical dis-

tributions for emotional words have been reported (Herbert et

al., 2008; Kissler et al., 2007; Schacht & Sommer, 2009a). How-

ever, most of these studies found that both positive and negative

stimuli equally differed from neutral stimuli, thus reflecting a

general arousal effect. Interestingly, in agreement with current

data a different set of studies has found that only positive words

(Schacht& Sommer, 2009b), or positive pictures (Hinojosa et al.,

2009b) modulated the amplitude of the EPN effect. Although the

reason for this discrepancy is still unclear andmight be attributed

to differences in experimental parameters, these data suggest that

some brain circuits might be specifically engaged in the process-

ing of positive effects (see Burgdorf & Panksepp, 2006 for a

comprehensive review of this question). This assertion is also

supported by fMRI data (Hamann & Mao, 2002; Herbert, Et-

hofer, Anders, Junghofer, Wildgruber et al., 2009; Kensinger &

Schacter, 2006). The finding of a specific effect for positive stim-

ulation might be better accommodated with the proposals made

by theories of basic emotions (e.g., Ekman, 1992; Panksepp,

1998; see Posner, Russell, & Peterson, 2005 for a review), which

assume that a discrete and independent neural system subserves

every emotion. Nevertheless, to what extent the EPN is specifi-

cally sensitive to valence or arousal differences remains a ques-

tion for future research.

The EPN is thought to reflect visual attention to emotional

content that results in a privileged processing of affective infor-

mation (Schupp, Junghofer, Weike, & Hamm, 2003). This ad-

vantage has been proposed to arise from bidirectional

connections between limbic structures and extrastriate areas

(Kissler et al., 2006). In support of this view, the activity of the

visual extrastriate cortex and the amygdale has been found to

correlate during reading of pleasant adjectives (Herbert et al.,

2009). Also, the neural generators of a negativity with a similar
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2Both reviewers suggested the possibility that EPN effects emerged at
a different latency in the perceptual discrimination task. In order to ex-
plore this possibility, we conducted repeated-measures ANOVAs (Affec-
tive Type: positive, negative, and neutral) andROI (11 levels) at every 30-
ms time intervals, starting from 100ms and extending to 550 ms. None of
these analyses reached significance for either the factor Affective Type
(F(2,62)5 0.01–1.89; p5 0.16–0.99) or the interaction between Affective
Type and ROI (F(20,620)5 0.28–1.30; p5 0.25–0.97).



latency and topographical distribution that is sensitive to visuo-

semantic processing have been located in extrastriate cortices,

namely the fusiform/lingual giri (Dien, Frishkoff, Cerbone, &

Tucker, 2003; Hinojosa, Martı́n-Loeches, Gómez-Jarabo, &

Rubia, 1999; Martı́n-Loeches et al., 2001). The results of pre-

vious research suggested that the processes reflected by the EPN

might be automatically triggered and task-independent. In this

regard, Kissler and colleagues (2009) found similar EPN mod-

ulations by the emotional content of words in both a grammat-

ical decision and a silent reading task. However, in this study the

processing of words at different linguistic levels was necessary for

a successful performance of the tasks since some authors have

argued that passive viewing enhances emotional processing

(Schacht & Sommer, 2009a).

In a further attempt to investigate this question, Schacht and

Sommer (2009a) used a structural decision and a lexical decision

task that resembled in some aspects those used here. In the

structural decision task, participants had to assess whether all the

letters of the verbs were written in the same font or not. In the

lexical task, they had to decide whether a particular stimulus was

a word or a pseudoword. The authors reported that positive and

negative words elicited enhanced EPN amplitudes as compared

to neutral words in the two tasks and concluded that this effect is

unaffected by task requirements. However, the results of the

current study are at variance with this view since we did not find

EPN differences in a perceptual discrimination task that shared

with the structural decision task the rather shallow processing

requirements. Despite the existence of some differences between

the experimental setting of both studies, the different pattern of

results might be related to task requirements in Schacht and

Sommer’s structural decision task and those in the perceptual

discrimination task used in this study. It might be argued that

participants had to scan thewholeword to compare letter fonts in

the former task. This would allow some kind of linguistic analysis

to the participants, even at a lexico-semantic level (Schacht and

Sommer, 2009a). However, our perceptual discrimination task

could be easily performed on the basis of low level visual features

such as spatial frequency (low spatial frequencies in words but

not in the backgrounds), so it was not necessary to read words

and access their lexico-semantic properties for a successful per-

formance of the task. Therefore, our data complement the results

of Schacht and Sommer’s study by showing that when lexico-

semantic features are not processed attention is directed away

from affective content.

Concerning the LPC effects, no amplitude differences be-

tween emotional and neutral nouns were noticeable in the per-

ceptual discrimination task. This lack of effects has been

extensively discussed in a previous study (Hinojosa et al.,

2009b). In contrast, in the lexico-semantic task, both positive

and negative words were associated with larger LPC amplitudes

that peaked around 550 ms, as compared to neutral words. This

effect has been repeatedly reported in the literature (Herbert et

al., 2009; Schapkin et al., 2000; Scott et al., 2009). The amplitude

of the LPC has been thought to reflect the allocation of attent-

ional resources, stimuli evaluation, and initial memory storage

during the processing of emotional content (Cuthbert, Schupp,

Bradley, Birbaumer, & Lang, 2000; Hajcak & Nieuwenhuis,

2006; Olofsson et al., 2008; Schupp, Cuthbert, Bradley, Ca-

cioppo, Ito, & Lang, 2000). A number of ERP studies have

shown that differences in the amplitude of this component

emerged when the processing of several linguistic aspects was

necessary for a successful task performance, while they disap-

peared in tasks that demanded a superficial processing of lin-

guistic properties (Fischler & Bradley, 2006; Kissler et al., 2009;

Naumann et al., 1992; Schacht & Sommer, 2009a). Despite the

existence of some differences in the experimental designs, our

data is in agreement with these findings by showing that word

emotional content captures the attention at late stages of pro-

cessing when lexico-semantic aspects are processed but not when

this type of information is obviated.

A final comment should be made on the differences between

the EPN that was modulated only by positive content and the

LPC that was influenced by positive and negative stimuli. In

agreement with recent findings (Codispoti et al., 2007; Schupp et

al., 2007), our data point to a functional dissociation of those

processes indexed by both components, by showing that visual

processing and the subsequent allocation of attentional resources

might be differentially modulated by affective information dur-

ing single-word processing.

Overall, the current study shows that the emotional content

of words is not always able to attract attentional resources.

Affective information captured attention at early and late

stages only when lexico-semantic aspects were processed for a

successful task performance, so it seems that minimum linguistic

analysis is required for emotion effects to emerge. In line

with these findings, some authors have pointed out that the

extraction of emotional significance of words may require

the activation of semantic/conceptual representations (Fischler

& Bradley, 2006; Schacht & Sommer, 2009b). These results

might also accord with the proposal that emotional stimuli

need to exceed a critical threshold value before they are able to

capture attention (Koster, Crombez, VanDamme, Verschuere, &

De Houwer, 2004; Mogg & Bradley, 1998). This threshold is

influenced by several factors, the degree of involvement of

the ongoing cognitive task (Schwartz, Vuilleumier, Hutton,

Maravita, Dolan, & Driver, 2005) and the attentional load

(Lavie, 1995, 2005; Vuilleumier, 2005) being two of the most

representative. It seems that, when words are to be discriminated

from non-word stimuli and such discrimination can be success-

fully achieved without processing linguistic aspects, their

emotional content is not able to surpass the threshold and en-

gage attention.
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