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Selective Visual Attention to Emotional Words:
Early Parallel Frontal and Visual Activations
Followed by Interactive Effects in Visual Cortex
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Abstract: Human brains spontaneously differentiate between various emotional and neutral stimuli,
including written words whose emotional quality is symbolic. In the electroencephalogram (EEG), emo-
tional-neutral processing differences are typically reflected in the early posterior negativity (EPN, 200
300 ms) and the late positive potential (LPP, 400-700 ms). These components are also enlarged by task-
driven visual attention, supporting the assumption that emotional content naturally drives attention. Still,
the spatio-temporal dynamics of interactions between emotional stimulus content and task-driven atten-
tion remain to be specified. Here, we examine this issue in visual word processing. Participants attended
to negative, neutral, or positive nouns while high-density EEG was recorded. Emotional content and
top-down attention both amplified the EPN component in parallel. On the LPP, by contrast, emotion
and attention interacted: Explicit attention to emotional words led to a substantially larger amplitude
increase than did explicit attention to neutral words. Source analysis revealed early parallel effects of
emotion and attention in bilateral visual cortex and a later interaction of both in right visual cortex. Dis-
tinct effects of attention were found in inferior, middle and superior frontal, paracentral, and parietal
areas, as well as in the anterior cingulate cortex (ACC). Results specify separate and shared mechanisms
of emotion and attention at distinct processing stages. Hum Brain Mapp 37:3575-3587, 2016.  © 2016 Wiley

Periodicals, Inc.
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INTRODUCTION

Love is just a word. Although it is a simple array of let-
ters, it has emotional significance. Despite the fact that lan-
guage is abstract and arbitrary, we learn to relate certain
meanings to words, which can subsequently differ in their
emotional quality. Electroencephalographic (EEG) studies
show that our brains differentiate between emotional and
neutral words, even when emotion is not directly relevant
to the experiment [Kanske et al., 2011; Ortigue et al., 2004;
Schacht and Sommer, 2009; Schindler et al., 2014]. Typically,
effects are reflected in an increased early posterior negativity
(EPN) and late parietal positivity (LPP) for emotional words.
The EPN is thought to be a highly automatic component,
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which arises at about 200 ms. It is related to lexical [Kissler
and Herbert, 2013] and perceptual tagging [Kissler et al.,
2007], and early attention [Schupp et al., 2004a]. The LPP
occurs from about 400 ms after word presentation and
reflects later stages of attention, stimulus evaluation, and
episodic memory encoding [Herbert et al., 2008; Hofmann
et al., 2009; Kissler et al.,, 2006]. Similar EPN and LPP
enhancements have been reported for various emotional
stimuli, including pictures [Olofsson et al. 2008; Schupp
et al., 2007], faces [Schupp et al., 2004b; Wieser et al., 2010],
and gestures [Flaisch et al., 2011; Wieser et al., 2014].

Interestingly, there are strong neurophysiological similar-
ities between effects of emotional content and explicit atten-
tion instructions. Many EEG studies report a larger EPN
both for attended, task-relevant stimuli [Codispoti et al.,
2006; Delorme et al. 2004], and inherently emotional stimuli
[Junghofer et al.,, 2001; Schupp et al., 2003, 2006]. Also,
research has found increased LPP amplitudes for explicitly
attended [Azizian et al. 2006; Codispoti et al., 2006] as well
as emotionally significant stimuli [Flaisch et al., 2011;
Schupp et al., 2006]. Accordingly, the model of motivated
attention states that emotional stimuli guide visual atten-
tion, enhancing attention-sensitive ERP components already
during passive processing [Schupp et al., 2006].

Similarly, hemodynamic imaging studies report stronger
responses in visual areas for attended compared to unat-
tended stimuli [Coull and Nobre, 1998; Vuilleumier et al.,
2001], as well as for emotional compared to neutral pic-
tures [Bradley et al., 2003 ; Junghofer et al., 2006; Lang
et al., 1998], faces [e.g., Vuilleumier and Pourtois, 2007],
and words [Beauregard et al., 1997; Compton, 2003; Her-
bert et al., 2009; Hoffmann et al.,, 2015; Isenberg et al,,
1999]. In emotional word processing, often additional infe-
rior frontal activities have been reported [Kuchinke et al.,
2005; Nakic et al., 2006; Straube et al., 2011], probably as a
correlate of these structures’ involvement in semantic proc-
essing in general [Lindquist et al., 2012].

Larger visual responses to emotional stimuli could be
driven by re-entrant mechanisms from other brain struc-
tures, such as via bi-directional projections from the amyg-
dala to the wvisual «cortices [Vuilleumier, 2005].
Accordingly, amygdala activation has been reported to co-
vary with visual activation in the processing of various
emotional stimuli such as pictures [Sabatinelli et al., 2005],
and faces [Vuilleumier et al., 2004], or words [Herbert
et al., 2009]. Effects of task-driven attention in visual cortex
are often thought to be orchestrated by pre-frontal and
parietal brain structures [Corbetta and Shulman, 2002;
Petersen and Posner, 2012].

Thus, emotional content itself attracts visual attention
due to its greater relevance for reproduction and survival
[Lang et al., 1997], but basic effects can be also found for
stimuli with purely symbolic emotional relevance such as
words. Regarding the electrophysiological dynamics of
emotion-attention interactions in picture processing, sepa-
rate effects of explicit attention and emotion have been

found in the EPN time window [Ferrari et al.,, 2008;
Schupp et al., 2007]. For the LPP, a study by Schupp et al.
[2007] has further identified interactive effects of task-
driven and emotionally motivated attention. The process-
ing of emotional stimuli, as reflected by LPP amplitude,
was shown to benefit more from explicit attention than
did the processing of neutral stimuli [Schupp et al., 2007].
By contrast, Ferrari et al. [2008] report separate, parallel,
main effects of attention and emotion on the LPP, with
larger LPPs for emotional than for neutral stimuli and
attention equally benefitting emotional and neutral stimuli.
Regarding visual word processing, separate effects of emo-
tion and attention on both EPN and LPP were found
when participants counted either adjectives or nouns in a
stream of words consisting of adjectives and nouns that
varied in emotional valence [Kissler et al., 2009].

Of note, the studies by Ferrari et al. [2008] and Kissler
et al. [2009] manipulated attention to a class of stimuli
(e.g., to pictures of humans or to adjectives/nouns), which
itself consisted of emotional and neutral stimuli. Thus,
emotional content was not directly task-relevant in these
studies. In contrast, Schupp et al. [2007] directly drew
attention to emotional content by instructing participants
to count negative, neutral, or positive stimuli. This differ-
ence in task relevance of emotional stimuli might explain
the different ERP patterns.

Here, we investigated the effect of attention to emotion
in visual word processing, separately manipulating the
emotional content of nouns and the participants’” attention
toward these nouns. Crucially, we explicitly directed atten-
tion toward the emotional content itself. Participants were
requested to count negative, neutral, or positive words, or
to simply passively view them (closely resembling the task
of Schupp et al.’s [2007] picture processing study). We fur-
ther aimed to extend previous findings related to the neu-
ral basis of motivated attention, and investigated the
cortical generators of early and late effects of attention,
emotion, and their possible interaction. To this end, we
estimated the sources of both EPN and LPP, expecting
that emotional words, as well as attended words, would
lead to more activity in visual cortex. Since the present
task required participants to press a button in response to
each detected target, we also expected more task-related
activity in motor areas. We further assumed that for
attended words more activity would be observed in
fronto-parietal attention networks. Finally, we tested for
other effects of emotion and attention in source space and
were particularly interested in determining when and
where emotion and attention might interact.

METHODS
Participants

Thirty participants were recruited at the University of
Bielefeld. Participants gave written informed consent and
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TABLE I. Comparisons of negative, neutral, and positive nouns

Negative Neutral Positive
Variable nouns (n =70) nouns (n =70) nouns (n =70) F (2/147)
Valence 2.86% (0.94) 5.11° (0.44) 7.06° (0.77) 554.867+**
Arousal 5.577 (1.16) 2.60° (0.90) 5.517 (1.24) 163.347#**
Concreteness 3.03 (0.59) 3.00 (1.00) 2.87 (0.76) 0.75
Word length 7.00 (2.20) 7.36 (2.34) 7.16 (2.47) 0.41
Word frequency (per million) 11.33 (24.42) 12.92 (17.44) 11.44 (15.69) 0.15
Semantic relatedness (ESA) 0.18 (0.19) 0.14 (0.12) 0.14 (0.12) 1.86
Familiarity (absolute) 9,726.31 (20,201.19) 7,159.44 (13,394.58) 11,235.01 (24,073.42) 0.77
Regularity (absolute) 137.71 (308.78) 116.29 (171.78) 130.40 (253.68) 0.13
Neighbors Coltheart (absolute) 9.37 (10.98) 7.64 (11.08) 10.29 (14.23) 0.85
Neighbors Levenshtein (absolute) 14.36 (13.81) 13.11 (14.39) 15.89 (18.68) 0.54

***P <0.001.

Standard deviations appear in parentheses next to the means; means in the same row sharing the same superscript letter do not differ
significantly from one another at P <0.05; means that do not share superscripts differ at P <0.05 based on LSD test post-hoc

comparisons.

received course credit or 10 Euros for participation. Due to
large artifacts, five participants had to be excluded. The
resulting 25 participants were 25.16 years of age on average
(SD=4.00), 17 of them were female. All participants were
right-handed and native German speakers, with no
reported history of neurological or psychiatric disorders.
Screenings with the Beck Depression Inventory (BDI;
M =316, SD = 3.48) and the State and Trait Anxiety Inven-
tory (STAI; M = 33.60, SD = 5.98) revealed no clinically rele-
vant depression or anxiety scores. The study protocol was
approved by the Ethics Committee of the University of Bie-
lefeld and in accordance with the Helsinki Declaration.

Stimuli

Nouns had been previously rated by 20 other students in
terms of valence and arousal using the Self-Assessment
Manikin [Bradley and Lang, 1994]. Two hundred and ten
nouns (70 negative, 70 neutral, 70 positive) were selected
and matched in their arousal and concreteness ratings as

300ms
2000-2500ms

s00ms

E] 2000-2500ms
300ms

first run passive viewing

Love 300ms

well as in other linguistic properties, such as word length,
frequency, familiarity, regularity, and semantic relatedness
(see Table I). Linguistic parameters were assessed using the
dlex database, a corpus of the German language that draws
on a wide variety of sources and includes more than 100
million written words (Heister et al., 2011). Semantic related-
ness was estimated by the average number of co-occurring
words in the German Wikipedia [Gabrilovich and Marko-
vitch, 2007]. Negative and positive nouns differed only in
rated valence, while neutral nouns were also lower in
arousal than were emotional nouns.

Procedure

Participants first completed the BDI, STAI, and a demo-
graphic questionnaire. Then, they started with a passive
viewing run, during which the negative, neutral, and posi-
tive nouns were presented for reading, but explicit atten-
tion was not drawn to emotional content (see Fig. 1).
Participants were instructed to avoid eye-movements and

second to fourth run counting
negative nouns
neutral nouns

positive nouns
Chest | so0ms

Figure I.
Experimental design. In each run all nouns were presented (70 negative, 70 neutral, 70 positive
nouns). For the analyses attended nouns were compared to all unattended nouns of a given

emotion category (70 vs. 210).
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blinks while reading. Nouns were presented for 300 ms
followed by a variable fixation-cross lasting between 2,000
and 2,500 ms. After the initial passive viewing run, active
runs were presented, where participants were instructed
to count nouns of a given valence category, starting either
with negative, neutral, or positive nouns. In each run, all
70 negative, 70 neutral, and 70 positive nouns were pre-
sented. The sequence of the counting conditions was coun-
terbalanced across participants. In each counting block, all
nouns were presented for 300 ms followed by a question
mark, which was presented for 1 s. During this interval,
participants were able to respond. Participants were
instructed to press a button in response to all nouns
belonging to the given emotional target category. After the
response, a variable fixation-cross lasted between 1,000
and 1,500 ms before the next trial started. Stimuli were
created and presented using presentation software (www.
neurobehavioralsystems.com). The entire experiment took
about 90 min. In the middle of each run and after each
run, participants could take a break to rest. Break-duration
was self-paced.

EEG Recording and Pre-processing

Continuous EEG was recorded from 128 BioSemi active
electrodes using Biosemis Actiview software (www.bio-
semi.com). Four additional electrodes measured horizontal
and vertical eye-movement. Recording sampling rate was
1,024 Hz. Preprocessing and statistical analyses were per-
formed using SPMS8 for EEG data (http://www fil.ion.ucl.
ac.uk/spm/) and EMEGS [http://www.emegs.org/; Peyk
et al., 2011]. Offline data were re-referenced to average ref-
erence, down-sampled to 250 Hz and band-pass filtered
from 0.166 to 30 Hz. Recorded eye movement was sub-
tracted from EEG data. Filtered data were segmented from
100 ms before stimulus onset until 1,000 ms after stimulus
presentation. Baseline-correction used 100 ms before stim-
ulus onset. Automatic artifact detection rejected trials
exceeding a threshold of 200 pV. Data were averaged
using a robust averaging algorithm, which excludes possi-
ble further artifacts [Litvak et al., 2011]. Robust averaging
down-weights outliers for each channel and each time
point, thereby preserving a higher number of trials as arti-
facts are not supposed to distort the whole trial, but most
of the time corrupt only parts of the trial. We used the off-
set of the weighting function recommended by the pro-
gram developers, which preserves ~95% of the data points
drawn from a random Gaussian distribution [Litvak et al.,
2011]. Overall, 6.19 percent of all electrodes were interpo-
lated. On average 17.62 percent of all trials were rejected.
Rejection rate did not differ between emotion conditions
(Fo,48) = 0.40, P =.68; mp =0.02) and there was no interac-
tion between attention and emotion (Fq 57,3757 =0.38,
P =.68; np =0.02). Still, differences between trials contain-
ing attended and unattended stimuli were observed
(F1,04y=28.19, P <.001; mp = 0.54). More trials from passive

EPN (200-300ms): two occipital
clusters, 11 electrodes each
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Figure 2.
Examined electrode clusters for the EPN and LPP time window.

(20%) than from active runs (12%) had to be rejected due
to blinks, alpha activity, or other artifacts.

Behavioral Data

Data analysis was conducted using IBM SPSS 20 (www.
ibm.com/spss). Repeated measure ANOVAs were calcu-
lated to compare hits and reaction times between negative,
neutral, and positive target-nouns.

EEG Data Analyses

EEG scalp-data were statistically analyzed with EMEGS.
Two (attention: attended versus passive viewing) by three
(content: positive, negative, neutral) repeated measure
ANOVAs were set-up to investigate main effects of emo-
tion, attention, and their interaction in time windows and
electrode clusters of interest. To this end, the three runs of
counting negative, counting neutral, and counting positive,
were compared to all unattended nouns of the respective
emotion category (unattended nouns in the initial run and
in each of the counting runs). To confirm that our results
were not biased by the smaller number of attended com-
pared to unattended nouns (70 vs. 210 each), confirmatory
analyses compared attended nouns only with the initial
passive viewing run (70 trials per condition), leading to
similar results, but showing even larger attention main
effects. Time windows of interest were chosen based on
previous reports of ERP modulations by attention and
emotion as well as visually conspicuous differences in the
ERPs. Partial eta-squared (m3) was estimated to describe
effect sizes, where 13 = 0.02 describes a small, n3 =0.13 a
medium, and m; =0.26 a large effect [Cohen, 1988]. Time
windows were segmented from 200 to 300 ms to investi-
gate EPN effects [Kissler et al., 2007] and from 400 to 700
ms to investigate LPP effects [Kissler et al., 2009; Schindler
et al., 2015a]. For the EPN, two symmetrical occipital
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clusters were examined. For the LPP, a large symmetrical
central cluster was investigated (see Fig. 2).

Source Estimations

Source reconstructions of the likely generators of signifi-
cant ERP differences were calculated and statistically
assessed with SPMS8 for EEG [Litvak and Friston, 2008;
Lopez et al, 2013], following the procedures recom-
mended by Litvak et al. [2011]. First, a realistic boundary
element head model (BEM) was derived from a’s template
head model based on a Montreal Neurological Institute
(MNI) brain built into SPM. Electrode positions were then
transformed to match the template head, which is thought
to generate reasonable results even when individual sub-
jects” heads differ from the template [Litvak et al., 2011].
Average electrode positions as provided by BioSemi were
co-registered with the cortical mesh template for source
reconstruction. This cortical mesh was used to calculate
the forward solution. The inverse solution was then calcu-
lated from —100 ms to 1,000 ms after word onset. Group
inversion [Litvak and Friston, 2008] was computed and
the multiple sparse priors algorithm implemented in SPM8
was applied. This method allows activated sources to vary
in the degree of activity, but restricts the activated sources
to be the same in all subjects [Litvak and Friston, 2008].
Compared to single subject matrix inversion, this results
in more robust source estimations [Litvak and Friston,
2008; Sohoglu et al., 2012].

For each analyzed time window in scalp space, three-
dimensional source reconstructions were generated as
NIFTI images (voxel size =2 mm X 2 mm X 2 mm). These
images were smoothed using a 8 mm full-width half-maxi-
mum. The statistical comparisons used in source space
were based on significant differences on the scalp. For sig-
nificant main and interaction effects, post-hoc comparisons
were calculated to determine the direction of the differen-
ces. In line with previous studies, we show statistical dif-
ferences in source activity of voxels differing at least at an
uncorrected threshold of P <0.005 and a minimum of 25
significant voxels per cluster [Schindler and Kissler, 2016;
Schindler et al.,, 2015ab]. Additionally, resulting cluster
sizes with an uncorrected threshold of P < 0.001, as well as
with a family-wise error (fwe) corrected threshold of
P <0.05, are displayed in all tables. The identification of
activated brain regions was performed using the LONI
atlas [http://www .loni.usc.edu; Shattuck et al., 2008]

RESULTS
Behavioral Data

The overall accuracy for counting negative (84%), neutral
(88%), and positive nouns (83%) was good. There were no
differences in the accuracy of counting negative, neutral, or
positive nouns Fg 4 =211, P=0.13, mp =0.08. Further,
reaction times for counting negative (745 ms), neutral (761
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Figure 3.

Results for the occipital electrode cluster in the EPN time win-
dow. Representative electrodes showing the time-course are dis-
played on the left, difference topographies are displayed on the
right. Blue color indicates more negativity and red color more
positivity for the difference. (a) Main effect of emotional content.
(b) Main effect of attention. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]

ms), or positive nouns (735 ms) did not differ significantly
from each other F( o4y =1.76, P =0.18, mp = 0.08.

ERP Scalp Data
EPN

Over the occipital sensor clusters, significant main
effects of attention F 04 =24.59, P<.05, 5 =0.51 and
emotional content F 45y =40.58, P <0.001, 7112’ =0.63 were
found. Post hoc comparisons showed that attended nouns
elicited a significantly larger EPN than unattended nouns.
Further, negative and positive nouns led to a larger EPN
than neutral nouns (Ps < 0.001). The EPN to positive nouns
was in tendency more negative-going than for negative
nouns (P = 0.07).

There was also a trend-level effect of channel group
F(1,24)=3.08, P=0.09, 71123 =0.11, EPN distribution being
somewhat left-lateralized (see Fig. 3a). Emotion and chan-
nel group interacted: Fp45) = 3.59, P < 0.05, 13 = 0.13. Over
the left electrode cluster, negative nouns elicited a larger
EPN compared to the right cluster (P <0.05), but there
were no significant laterality differences for neutral
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Figure 4.

Results for the central electrode cluster in the LPP time win-
dow. ERP time-course for selected electrodes is displayed on
the left, difference topographies are displayed on the right. Blue
color indicates more negativity and red color more positivity for
the difference. (a) Main effect of emotional content. (b) Main

(P=0.13), or positive nouns (P = 0.14). Importantly, there
was no significant interaction between attention and emo-
tion in the EPN time window Fp4s) =140, P=0.26,
M3 = 0.06 as well as no further interaction (Ps > 0.15).

LPP

In the LPP time window, over a large central sensor
cluster, significant main effects of attention F 04 =19.27,

effect of attention. (c) Interaction between emotion and atten-
tion. A selectively enlarged LPP can be observed for attended
emotional nouns. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]

P<0.001, m3=045 and of emotional content were
observed F 45 = 37.35, P < 0.001, % = 0.61 (see Fig. 4).
Crucially, in the LPP time window attention and emotion
interacted significantly F(, 45) = 8.34, P = 0.001, n3 = 0.26.
Post hoc comparisons showed that attended target
words were associated with larger LPP amplitudes than
unattended ones. For the emotion main effect, both nega-
tive and positive nouns elicited larger LPP amplitudes
than neutral nouns (P <0.001), while not differing from
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Source estimations for the main effects of attention, emotion,
and the interaction of attention with emotion displayed at
P <0.005. Attention (top row in both panels) led to enhanced
activity in both the EPN and LPP time window in broad occipi-
tal, parietal, frontal, and motor areas, as well as in the ACC.
Emotion main effects (second row in both panels) were found

each other (P =0.26). The significant interaction reflects a
considerably larger LPP when attention was directed to
emotional nouns. ERPs elicited by attended negative (M,
tended negative-neutral = 0.58 1V, P <0.001) and attended posi-
tive nouns (Mattended positive-neutral — 0.74 “vr p <0001)
were significantly larger than those elicited by attended
neutral nouns. During passive viewing, the differences
between negative and neutral nouns (Mynattended negative-neu-
a1 = 0.23 pV; P =0.001), and positive and neutral nouns
(Mur\attended positive-neutral — 0.21 HV; P< 0001)/ were also Sig'
nificant, but the difference was considerably smaller in
magnitude than in the attended conditions (see also Fig. 4).

Source Reconstruction

Significant differences in source space were found both
for emotion and attention, and for both the EPN and LPP
time windows. Further, in the LPP window a significant
interaction between emotion and attention mirrored the
significant interaction on the scalp (see Fig. 5). For all com-
parisons activations were only significantly larger for

mostly in inferior occipital/fusiform regions. The significant inter-
action (third row, lower panel) was due to more activity for
attended emotional nouns compared to attended neutral nouns
in right inferior occipital regions. [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com.]

emotional than for neutral and for attended than for unat-
tended nouns. The reverse comparison did not lead to sig-
nificant differences, even when using a liberal threshold of
uncorrected P < 0.01.

In the EPN time window, attention led to enhanced
activity in broad occipital as well as motor-related areas,
multiple frontal areas, the cuneus, and the anterior cingu-
late cortex (ACC). In frontal regions, more activation was
found in the bilateral inferior, middle, and superior frontal
gyri (see Fig. 5, Table II).

In the LPP, stronger activations were additionally
observed in bilateral superior parietal gyri and middle
occipital gyri, as well as in bilateral superior temporal
gyri. The task-related activity increase in pre- and post-
central regions probably mainly reflects the button press,
as participants were requested to give a motor response
during the attention task. Therefore, enhanced motor activ-
ity was to be expected. On the other hand, the stronger
activations in broad visual, parietal, frontal, and ACC
regions seem to reflect the enhanced activity of large-scale
attention networks.
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TABLE Il. Main effects of attention

Cluster-level Peak-level MNI coordinates LONI
No. of sig. voxels Peak t(, o0y Peak P-unc x (mm) y (mm) z (mm) Area label
EPN time window (200-300 ms)
478 (430%, 207) 5.44 <0.001 46 44 8 Inf Frontal G R
625 (563%, 76°) 5.16 <0.001 34 =90 -10 Inf Occipital G R
736 (6147, 46°) 5.14 <0.001 —34 —88 —14 Inf Occipital G L
750 (642°, 94°) 5.12 <0.001 —38 50 10 Mid Frontal G L
71 (58%) 4.12 <0.001 2 22 14 Cingulate G R
405 (306%) 4.00 <0.001 16 —86 36 Sup Occipital G R
111 (74%) 3.79 <0.001 -14 60 18 Mid Frontal G R
73 (50%) 3.76 <0.001 10 60 22 Sup Frontal G R
295 (240%) 3.75 <0.001 -10 —24 74 Precentral G L
228 (82%) 3.74 <0.001 40 40 -4 Inf Frontal G R
304 (246%) 3.71 <0.001 12 —24 70 Precentral G R
197 3.44 <0.001 -6 —86 34 Cuneus L
163 3.15 <0.001 —44 -80 14 Mid Occipital G L
69 3.02 <0.001 44 —68 12 Mid Occipital G R
LPP time window (400-700 ms)
1593 (14067, 601°) 7.56 <0.001 38 —62 -12 Fusiform G R
2287 (13507, 579°) 7.52 <0.001 —40 —64 -10 Fusiform G L
784 (742°, 496°) 7.15 <0.001 22 —84 40 Sup Occipital G R
105 (957, 52b) 5.59 <0.001 2 22 14 Cingulate G R
385 (3547, 171°) 5.33 <0.001 =10 —24 74 Precentral G L
388 (3567, 174°) 531 <0.001 10 —18 72 Precentral G R
92 (587) 440 <0.001 16 —56 68 Sup Parietal G R
49 (387 4.37 <0.001 —-16 —54 68 Sup Parietal G L
650 (544%) 4.31 <0.001 -32 52 12 Mid Frontal G L
719 (507%) 4.18 <0.001 44 50 4 Inf Frontal G R
95 (55%) 3.54 <0.001 —62 =32 10 Sup Temporal G L
101 (60%) 3.50 <0.001 58 —34 8 Sup Temporal G R
25 3.42 <0.001 —60 —4 16 Postcentral G L
117 (50%) 3.40 <0.001 —-16 58 20 Mid Frontal G L
97 (43%) 3.36 <0.001 14 62 18 Mid Frontal G R
48 3.14 =0.001 —56 —34 22 Supramarginal G L
52 3.12 =0.001 56 —36 18 Supramarginal G R

Initial cluster sizes are given for P <0.005 and a cluster extent of at least 25 voxels.

*Resulting cluster size for a P <0.001 threshold.
PResulting cluster size for a FWE-corrected threshold of P < 0.05.

No. of sig. voxels = the number of voxels which differ significantly between both conditions. Peak coordinates (x, y, and z) are displayed
in MNI space. A cluster may exhibit more than one peak, while only the largest peak is reported. Area = peak brain region as identified

by the LONI atlas. R/L = laterality right or left.
G = Gyrus; Inf = inferior, Mid = middle, Sup = superior.

Within significant main effects of attention, post hoc differences were only found for the comparison attended > unattended

For the emotion main effect, significant differences were
found only in visual areas. In the EPN time window,
larger activity for emotional words was located in the
bilateral inferior and middle occipital gyri, as well as in
the bilateral fusiform gyri (see Fig. 5, Table III). In the LPP
time window, enhanced activity for emotional words
remained in bilateral fusiform gyri.

For the significant interaction between emotion and
attention in the LPP time window, interaction terms were
also calculated in source space. Within significant interac-
tions, we found only differences between attended emo-

tional and attended neutral nouns. These differences were
found in the right inferior occipital gyrus (f(1,144)=5.89,
P <0.001, number of significant voxels =314 (fwe-cor-
rected 313), MNI coordinates x =30, y = —90, z = —10).

DISCUSSION

This study tested effects of emotion, attention, and their
interactions in visual word processing, and localized the
respective cortical sources. To this end, we manipulated
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TABLE Ill. Main effects of emotion

Cluster-level Peak-level MNI coordinates LONI
no. of sig. voxels Peak t(, 90y Peak P-unc x (mm) y (mm) z (mm) Area label
EPN time window (200-300 ms)
675 (6697, 250°) 529 <0.001 —24 —86 -16 Inf Occipital G L
601 (582%) 4.70 <0.001 36 =90 -8 Mid Occipital G R
LPP time window (400-700 ms)
694 (6947, 433P) 6.29 <0.001 —40 —64 -10 Fusiform G L
734 (7227, 430°) 6.05 <0.001 38 —62 =12 Fusiform G R

Initial cluster sizes are given for P <0.005 and a cluster extent of at least 25 voxels.

*Resulting cluster size for a P <0.001 threshold.
PResulting cluster size for a FWE-corrected threshold of P < 0.05.

No. of sig. voxels = the number of voxels which differ significantly between both conditions. Peak coordinates (x, y, and z) are displayed
in MNI space. A cluster may exhibit more than one peak, while only the largest peak is reported. Area = peak brain region as identified

by the LONI atlas. R/L = laterality right or left.
G = Gyrus; Inf = inferior, Mid = middle, Sup = superior.

Within significant main effects of emotions, post hoc differences were only found for the comparison emotional nouns > neutral nouns

emotional content and participants” attention focus on pos-
itive, negative, or neutral words. Words are perceptually
similar across conditions and acquire their emotional sig-
nificance exclusively via associative learning. Furthermore,
they can be controlled for many parameters of no-interest,
making them well-suited for neuroscience experiments.

Increased EPN and LPP amplitudes were found for both
emotional and attended nouns. Crucially, on the LPP we
also found an interaction: Explicit attention to emotional
words led to a substantial increase of LPP amplitudes
compared to passively looking at them. Source localization
revealed bilateral visual cortex generators of emotion
effects, visual and fronto-parietal generators of attention
effects, and right occipital cortex as the site of their
interaction.

The ERP results closely resemble those of a similar
study on affective picture processing. This study reported
separate main effects of attention and emotion for the EPN
and an additional interaction between both for the LPP
[Schupp et al., 2007]. They are not as compatible with
other findings of parallel, non-interacting main effects of
emotion and attention in word [Kissler et al., 2009] and
picture processing [Ferrari et al., 2008] at both processing
stages. However, these studies used tasks that directed
participants’ attention to target categories that implicitly
varied in emotional content, but did not draw attention to
the emotional stimuli themselves. Thus, a focus on emo-
tional content might be necessary to potentiate the LPP as
found here and in the Schupp et al.’s study [2007]. As in
previous studies, no major differences between attention
to positive and negative content were observed [Herbert
et al., 2008; Kissler et al., 2009; Schindler et al., 2014].

The EPN was significantly more negative for emotional
than for neutral words, which is frequently reported [Kiss-
ler and Herbert, 2013; Schacht and Sommer, 2009; Scott
et al, 2009]. In source space, this effect resulted from
increased visual activations for emotional compared to

neutral words, largely confirming previous source recon-
structions of emotion effects in word processing [Keuper
et al., 2014; Kissler et al., 2007; Schindler et al., 2015a]. In
tendency, in line with previous word processing studies
[Kissler et al., 2007], the EPN was left lateralized and there
was also a trend for positive words to elicit a larger EPN
than did negative words. In the absence of a clear pattern
across studies or a clear significant difference, the latter is
hard to interpret. Tentatively, it might be related to a posi-
tivity offset in the motivational system [Cacioppo, 2004],
where at relatively low levels of arousal, as occurs in
context-free word processing studies, affective systems
may respond more to positive than to negative stimuli.

In parallel to the emotion effect, a clear attention effect
was found: The EPN was larger for attended than for
unattended stimuli. Other research already demonstrated
enhanced early posterior negativities for task-relevant
stimuli [Codispoti et al., 2006; Delorme et al, 2004;
Holmes et al., 2003], but to the best of our knowledge no
previous study has localized the generators of this
feature-based attention-EPN. Present source reconstruc-
tions showed visual, paracentral, anterior cingulate
(ACC), and frontal effects, as well as some activity in the
cuneus. Visual cortex effects are in line with fMRI find-
ings of larger visual processing of attended compared to
unattended stimuli [Coull and Nobre, 1998; Vuilleumier
et al., 2001]. Frontal EPN attention effects were localized
in inferior frontal gyrus (IFG) and superior frontal gyrus
(SFG), revealing early prefrontal involvement in feature-
based attention. This is in line with the proposed fronto-
parietal attention networks [Corbetta and Shulman, 2002;
Petersen and Posner, 2012]. In particular, in word proc-
essing, larger activations in the left inferior frontal gyrus
can also be found for semantic orienting toward words
[Cristescu et al., 2006]. Thus, when participants actively
focused on the words” valence, they probably also
retrieved more information about their semantic meaning.
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A previous ERP study of attentional cuing toward nega-
tive words found a P2 effect for content cueing [Kanske
et al., 2011], supporting effects of affective-semantic ori-
enting in the P2/EPN time window [see, Trauer et al.,
2015 for a discussion of the similarity of P2 and EPN
effects in word processing].

Superior frontal sources could reflect the evaluative
nature of the present task. They have generally been
observed in evaluative judgments [Zysset et al.,, 2002],
including evaluation of self-relevance [Ochsner et al.,
2005]. In line with the current localizations, a parallel fMRI
study from our group on emotion-attention interactions in
auditory word processing revealed practically identical
SFG activations (Wegrzyn et al., in preparation).

Sustained ACC activity was also observed for attended
words. The ACC is thought to be highly engaged in atten-
tional/effortful control mechanism [Pessoa, 2009] and its
activity in the present task may reflect keeping participants
focused on the target category throughout the experiment,
in particular in the presence of emotional stimuli [see also,
Kanske et al., 2011]. Finally, since participants had to press
a button when counting, we also found enhanced motor-
related activity for the attention task. Thus, already in the
EPN window, source localization revealed widespread
activity in frontal and visual structures, consistent with
frontal structures regulating attention influences on visual
cortex. In parallel, occipital structures, including the fusi-
form gyri, responded to emotional content.

In the LPP window, larger amplitudes for emotional
compared to neutral nouns were confirmed, in line with
LPP enlargements for emotional stimuli in general [Flaisch
et al., 2011; Kissler et al.,, 2006; Schindler et al., 2014;
Schupp et al., 2006]. Again, stronger visual/occipital gen-
erators accounted for emotion main effects. This accords
with the model of Motivated Attention, stating that emo-
tional stimuli serve as natural targets due to their high
motivational relevance [Lang et al., 1998]. Previous EEG
[Sabatinelli et al., 2007] or MEG [Moratti et al., 2011] pic-
ture processing studies located generators of emotional
LPP enhancements in occipito-parietal [Moratti et al., 2011;
Sabatinelli et al., 2007; Schupp et al., 2007] as well as right
prefrontal structures [Moratti et al., 2011]. Here, as well as
in our previous studies, localizations of LPP emotion word
effects were restricted to occipital structures of the ventral
stream, including fusiform regions [Schindler and Kissler,
2016; Schindler et al., 2015a]. While visual processing
enhancement by emotion seems consistent across stimuli
and is in line with previous fMRI studies [Beauregard
et al., 1997; Compton, 2003; Herbert et al., 2009; Hoffmann
et al., 2015], stimulus-dependent effects may exist, with
complex pictures activating more dorsal stream regions,
whereas words and faces may activate more ventral
stream regions [Sabatinelli et al., 2011]. Whether frontal
differences are stimulus- or task-dependent, reflect sensi-
tivity differences between MEG and EEG, or differences
between localization algorithms remains to be determined.

Attention effects also persisted in the LPP window. In
line with other studies, attended nouns led to larger LPP
amplitudes [Azizian et al., 2006; Codispoti et al., 2006;
Holmes et al., 2003; Kissler et al., 2009]. Source estimations
confirmed frontal attention main effects in anterior-medial
parts of the superior frontal gyri, as well as in precentral/
supplementary motor areas and the ACC. Additionally,
superior parietal sources were observed. Again, the pat-
tern is well in line with activation of fronto-parietal atten-
tion networks [Corbetta and Shulman, 2002; Petersen and
Posner, 2012]. Brain stimulation has revealed differential
involvement of frontal and parietal areas in visual atten-
tion [Ruff et al., 2008], suggesting that frontal areas might
play a causal role in mediating early attention processing
for successful memory encoding [Zanto et al., 2011]. Fur-
ther, single cell recordings show earlier responses to top-
down attention in frontal regions [Buschman and Miller,
2007] and Granger causalities are significantly larger from
frontal to parietal areas than vice versa [Bressler et al.,
2008], suggesting that frontal regions precede parietal
regions on top-down driven attention tasks. In line with
this, superior parietal sources were more prominent in the
LPP window. Thus, data indicate fast, task-driven recruit-
ment of frontal regions, but future studies should investi-
gate the temporal dynamics more closely, comparing
different types of attention tasks and using directional
analyses.

Importantly, on the LPP, an interaction between emotion
and attention was observed, with selectively enlarged
amplitudes for attended emotional words. In source space,
this interaction was due to the fact that in the right inferior
occipital gyrus, including fusiform regions, attended emo-
tional words elicited significantly more activity than
attended neutral words, whose processing did not benefit
equally from attention deployment. A mechanistic expla-
nation of this interaction could be that at late processing
stages both emotional salience feedback from the amyg-
dala and top-down signaling from fronto-parietal attention
networks synergistically increase processing in the visual
cortex [Pourtois et al., 2013]. In line with this, amygdalae
responses to task demands seem to occur at later stages
compared to emotional modulations [Pourtois et al., 2010].
This might have resulted in this potentiated influence of
attention and emotion at late stages, in line with previous
findings [Schupp et al., 2007]. Still, it is important to note
that the present localization technique did not reveal
amygdala activation. This may be due to shortcomings of
the localization method or a true absence of such activity.
Source estimations are clearly not as sensitive and accurate
as fMRI in localizing differences in subcortical structures
[but for correlations of subcortical fMRI activations with
LPP amplitude see Sabatinelli et al., 2013]. Otherwise, local
networks in visual cortex might be intrinsically emotion
sensitive, their reactivity being potentiated by attention.

Synergistic effects of emotion and attention were lateral-
ized to right occipital areas. This may appear surprising.
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However, because of the left hemisphere dominance for
language in general, in word processing the right hemi-
sphere may benefit more from synergies of attention and
emotion. In lateralized lexical decision tasks, the right
hemisphere/left visual field shows a bigger emotion
advantage than the left one, although overall performance
is best for the left hemisphere [Graves et al. 1981; Ortigue
et al., 2004]. Further, emotional concepts can be selectively
spared after left hemispheric lesions [Graves et al., 1981;
Landis et al., 1982]. Overall, the right hemisphere’s resid-
ual language capacities may benefit more from explicit
attention deployment, whereas left hemisphere capacities
may already operate close to maximum.

The presently used stimulus categories might limit gen-
eralizability of the results: Following previous research
within the dimensional emotion framework [e.g., Cuthbert
et al., 2000; Ferrari et al., 2008; Schupp et al., 2007], posi-
tive and negative stimuli differed from neutral ones in
both valence and arousal, reflecting the typical, u-shaped,
co-variation in subjective appraisals of these two dimen-
sions [Bradley et al., 1994; Lang et al., 1993]. In keeping
with this, we interpret our ERP emotion effects as reflect-
ing effects of arousal equally inherent in both types of
valenced stimuli, but requiring a certain degree of activa-
tion in either motivational system. The interaction on the
LPP is thought to indicate that attention amplifies these
effects during late stages of cortical processing. However,
without full factorial manipulations of valence and
arousal, including low and high arousing positive, nega-
tive, and neutral stimuli, the unique contribution of either
dimension cannot be determined conclusively. A recent
EEG study on emotion word processing reports unique
effects of valence and arousal on the LPP, which further
varied with task [Delaney-Busch et al., 2016] and other
findings suggest LPP arousal modulations for valence-
neutral arousing stimuli [Bayer et al.,, 2012; Recio et al,,
2014]. The current design precludes conclusions on these
issues. However, it is debated whether all theoretically
possible cells in the valence-by-arousal space represent
meaningful natural categories of emotional stimuli or
whether some might be due to large variability in valence
ratings.

CONCLUSION

To summarize, we detected separate main effects of
emotion and attention for the EPN and LPP components
as well as an interaction between attention and emotion in
the LPP, leading to highest amplitudes for attended emo-
tional nouns. The source of the interaction was located in
right occipital visual areas. Mirroring the significant scalp
interaction, this enhanced visual activity was found only
for attended emotional nouns. Moreover, we showed an
early, sustained enhancement of visual processing as a
result of both attention and emotion. Specifically attention
also led to more activity in frontal and parietal areas,

perfectly in line with assumed attention networks. We con-
clude that emotion and attention act independently at
early processing stages. During later processing their syn-
ergy confers additional processing advantages on the orga-
nism. However, this interaction may be restricted to
situations when attention is directed to the emotional
category.
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