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Perceived Communicative Context and Emotional Content
Amplify Visual Word Processing in the Fusiform Gyrus
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The personal significance of a language statement depends on its communicative context. However, this is rarely taken into account in
neuroscience studies. Here, we investigate how the implied source of single word statements alters their cortical processing. Participants’
brain event-related potentials were recorded in response to identical word streams consisting of positive, negative, and neutral trait
adjectives stated to either represent personal trait feedback from a human or to be randomly generated by a computer. Results showed a
strong impact of perceived sender. Regardless of content, the notion of receiving feedback from a human enhanced all components,
starting with the P2 and encompassing early posterior negativity (EPN), P3, and the late positive potential (LPP). Moreover, negative
feedback by the “human sender” elicited a larger EPN, whereas positive feedback generally induced a larger LPP. Source estimations
revealed differences between “senders” in visual areas, particularly the bilateral fusiform gyri. Likewise, emotional content enhanced
activity in these areas. These results specify how even implied sender identity changes the processing of single words in seemingly realistic
communicative settings, amplifying their processing in the visual brain. This suggests that the concept of motivated attention extends
from stimulus significance to simultaneous appraisal of contextual relevance. Finally, consistent with distinct stages of emotional
processing, at least in contexts perceived as social, humans are initially alerted to negative content, but later process what is perceived as
positive feedback more intensely.
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Introduction
Language is intrinsically communicative, yet neuroscience stud-
ies typically investigate the processing of isolated words or
phrases. Communication theories posit that meaning is derived
from interaction with others (Blumer, 1969), implying that the
perceived identity of a communicative partner should affect the
way language content is processed. When emotional content is
communicated, context is likely to be especially important be-
cause emotional language is particularly relevant for humans
(Barrett et al., 2007; Lieberman et al., 2007). Neuroscience re-
search has amply demonstrated the prioritized processing of
emotional language (for review, see Kissler, 2013). Brain event-
related potentials (ERPs) consistently differentiate between emo-
tional and neutral words (Ortigue et al., 2004; Kissler et al., 2009;
Schacht and Sommer, 2009a, 2009b; Kanske et al., 2011). Al-
though earlier effects have been reported (Scott et al., 2009; Kan-
ske et al., 2011), emotion effects are typically reflected in a larger
early posterior negativity (EPN) and a more pronounced late
positive potential (LPP). The EPN arises from �200 ms, indexing

mechanisms of lexical (Kissler and Herbert, 2013) and perceptual
tagging and early attention (Schupp et al., 2007). The LPP occurs
from �500 ms after word presentation and is implicated in stim-
ulus evaluation and memory processing (Kanske and Kotz, 2007;
Herbert et al., 2008; Hofmann et al., 2009; Schacht and Sommer,
2009a). Emotional intensity plays an important role in amplify-
ing ERPs, but EEG data further suggest distinct functional stages
with initial alerting by negative stimuli and later evaluative pro-
cessing favoring positive content (Zhang et al., 2014, Luo et al.,
2010).

Source analyses revealed generators of early emotion effects in
word processing in primary visual cortex (Ortigue et al., 2004)
and in left extrastriate visual cortex (Kissler et al., 2007), includ-
ing the fusiform gyri (Hofmann et al., 2009) and left middle
temporal gyrus (Keuper et al., 2014). For emotional pictures, LPP
generators have been found in occipitoparietal (Schupp et al.,
2007; Moratti et al., 2011) and frontal regions (Moratti et al.,
2011).

Enhanced visual processing of emotional stimuli can be ac-
counted for within the motivated attention framework, stating
that emotional stimuli amplify visual cortex activity due to their
higher motivational relevance (Lang et al., 1998).

Here, we test whether a contextual manipulation can modu-
late word processing in a similar manner, amplifying motiva-
tional relevance and enhancing processing in the visual brain. We
chose a social feedback situation as a particularly salient context
(Eisenberger et al., 2011; Korn et al., 2012). Participants were
either told that a human would give them personal feedback by
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endorsing positive, negative, or neutral trait adjectives or they
expected random feedback from a computer. In reality, both con-
ditions were perceptually identical. We hypothesized that the
feedback would induce larger ERP components when perceived
as coming from the “human sender.” Content effects were ex-
pected to replicate prioritized processing of emotional words. In
sum, we analyze the sequence of early (N1, P2), midlatency
(EPN), and late components (P3, LPP) in response to visually
presented social feedback and determine the time course and
cortical generators of context and content effects.

Materials and Methods
Participants. Eighteen participants were recruited at the University of
Bielefeld. They gave written informed consent according to the Declara-
tion of Helsinki and received 10 Euros for participation. The study was
approved by the ethics committee. Due to experimentation errors, two
datasets had to be excluded, leaving 16 participants for final analysis.
These 16 participants (12 females) were 24.40 years on average (range,
21–30). All participants were native German speakers, had normal or
corrected-to-normal visual acuity, and were right-handed. Screenings
with the German version of the Beck Depression Inventory and the State
Trait Anxiety Inventory revealed no clinically relevant depression (M �
4.12; SD � 4.54) or anxiety scores (M � 35.94; SD � 3.06).

Stimuli. Adjectives had been previously rated by 20 students in terms
of valence and arousal using the Self-Assessment Manikin (Bradley and
Lang, 1994). Raters had been specifically instructed to consider adjective
valence and arousal in an interpersonal evaluative context. A total of 150
adjectives (60 negative, 30 neutral, 60 positive) were selected and
matched in their linguistic properties, such as word length, frequency,
familiarity, and regularity (Table 1). Linguistic parameters were assessed
by 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). Importantly, negative and positive adjectives dif-

fered only in their valence. Because truly neutral trait adjectives are rare,
neutral adjectives were allowed to further differ from emotional adjec-
tives on rated abstractness. Abstractness was rated on a scale similar to
the self-assessment manikin, showing a manikin with many distinct fea-
tures on the left side (concrete-low values) that is successively trans-
formed into a very abstract rendering on the right side. Positive and
negative adjectives were somewhat more concrete than neutral ones.

Procedure. Participants were told that they would be evaluated by an
unknown other person or would see evaluations generated randomly by
a computer program. Participants were instructed that evaluations were
made by accepting or rejecting presented trait adjectives online and that
these evaluations would be communicated via color changes of words on
the screen. All subjects underwent both conditions. The sequence of
conditions was counterbalanced across participants (Schindler et al.,
2014).

Upon arrival, participants were asked to describe themselves in a brief
structured interview in front of a camera. They were told that their self-
description would be videotaped and would be shown to a second par-
ticipant next door. After the interview, participants filled out a
demographic questionnaire, Beck’s Depression Inventory (Hautzinger et
al., 2009), and the State Trait Anxiety Inventory (Spielberger et al., 1999)
while the EEG was applied. To ensure face validity, a research assistant
left the testing room several minutes ahead of the fictitious feedback,
guiding an “unknown person” to a laboratory room next to the testing
room.

Stimuli were presented within a desktop environment of a fictitious
program called “Interactional Behavioral Systems,” allegedly allowing
instant online communication (Fig. 1).

Network cables and changes of the fictitious software desktop image
were made salient to ensure credibility of the situation. The presented
feedback was randomly generated and half of all presented adjectives
were endorsed, leading to 30 affirmative negative, 30 neutral, and 30
affirmative positive decisions. In addition, 20 highly negative adjectives
were inserted and always rejected in the evaluations to further increase

Table 1. Comparisons of negative, neutral, and positive adjectives by one-way ANOVAs

Variable Negative adjectives (n � 60) Neutral adjectives (n � 30) Positive adjectives (n � 60) F(2,147)

Valence 3.10a (0.84) 5.01b (0.32) 7.01c (0.90) 371.05***
Arousal 4.57a (0.85) 3.30b (0.66) 4.40a (0.85) 25.93***
Abstractness 3.24a (1.03) 5.07b (1.46) 3.16a (1.27) 28.10***
Word length 8.93 (2.65) 9.23 (2.94) 9.15 (2.48) 0.16
Word frequency (per million) 4.64 (8.56) 4.34 (6.26) 4.78 (8.05) 0.03
Familiarity (absolute) 21805.77 (39221.26) 18832.23 (48387.29) 19331.85 (42795.46) 0.07
Regularity (absolute) 261.58 (551.78) 165.97 (378.73) 239.06 (388.71) 0.44
Neighbors Coltheart (absolute) 3.45 (4.44) 2.53 (3.42) 3.78 (4.70) 0.83
Neighbors Levenshtein (absolute) 6.13 (6.48) 4.93 (4.14) 6.60 (6.26) 0.76

Data are shown as mean (SD). 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 subscripts differ at p � 0.05 based on LSD test post hoc comparisons.

***p � 0.001.

Figure 1. Trial presentation in the fictitious interactive software environment. Each trial started with a presented trait adjective. Subsequent color change indicated endorsement of a trait.
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Figure 2. Results for the EPN time window displaying the significant main effect for the communicative sender and the interaction between communicative sender and emotional content. a, Left,
Difference topographies for the communicative sender. Blue color indicates more negativity and red color more positivity for decisions from the “human sender.” Right, Selected electrode PO9
displaying the time course for both senders. b, Left, Difference topographies for the “human sender” and “computer sender.” Right, Selected electrode PO9h displaying the time course for all
decisions from both senders. Mean amplitudes in microvolt for the occipital EPN cluster are shown at bottom. For display purposes, electrodes were filtered using a 15 Hz low-pass filter.

Figure 3. EPN: source estimations for the comparison between the “human sender” and the “computer sender” (displayed are the FWE-corrected t-contrasts). Decisions by the “human sender”
led to enhanced activations in the bilateral fusiform gyri in the EPN time window.
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credibility because it would appear very unlikely for somebody to en-
dorse that extremely negative traits apply to a hardly known stranger.
These additional trials were excluded from further analysis. The desktop
environment and stimulus presentation were created using Presentation
software (www.neurobehavioralsystems.com). In the “human” condi-
tion, color changes between 1500 and 2500 ms after adjective onset indi-
cated a decision by the supposed interaction partner. This manipulation
simulated variable decision latencies in humans. The decision was com-
municated via color change (blue or purple) of the presented adjective,
indicating whether the respective adjective applied to the participant or
not. Color feedback assignments were counterbalanced. In the computer
condition, corresponding color changes always occurred at 1500 ms,
conveying the notion of constant machine computing time. In both con-
ditions, color changes lasted for 1000 ms, followed by a fixation cross for
1000 to 1500 ms. After testing and debriefing, participants rated their
confidence in truly being judged by another person in the “human”
condition on a five point Likert-scale questionnaire.

EEG recording and analyses. EEG was recorded from 128 BioSemi ac-
tive electrodes (www.biosemi.com). Recorded sampling rate was 2048
Hz. During recording, Cz was used as a reference electrode. Four additional
electrodes (EOG) measured horizontal and vertical eye-movement. These
were placed at the outer canthi of the eyes and below the eyes.

Preprocessing and statistical analyses were done using SPM8 for EEG
data (http://www.fil.ion.ucl.ac.uk/spm/) and EMEGS (Peyk et al., 2011).
In a first step, data were rereferenced to the average reference offline. To

identify artifacts caused by saccades (horizontal, HEOG) or eye blinks
(vertical, VEOG), virtual HEOG and VEOG channels were created from
the EOG electrodes. EEG signals that were highly correlated with HEOG
or VEOG activity were subtracted from the EEG (minimum correlation
of 0.5). Data were then down-sampled to 250 Hz and later band-pass
filtered from 0.166 to 30 Hz with a fifth-order Butterworth zero-phase
filter. Filtered data were segmented from 500 ms before stimulus onset
until 1000 ms after stimulus presentation. Because there was an imme-
diate transition from word presentation to feedback by color change,
results are presented without baseline correction so as not to introduce
prebaseline differences into the feedback phase. However, there were no
apparent differences in the time segment immediately preceding the
color change (Figs. 2, 4, 5) and control analyses with baseline correction
lead to analogous results. Automatic artifact detection was used to elim-
inate remaining artifacts defined as trials exceeding a threshold of 160
�V. Data were then averaged, using the robust averaging algorithm of
SPM8, excluding possible further artifacts. Robust averaging down-
weights outliers for each channel and each time point, thereby preserving
a higher number of trials; artifacts are not supposed to distort the whole
trial, but rather most of the time corrupt only parts of the trial. We used
the recommended offset of the weighting function, which preserves
�95% of the data points drawn from a random Gaussian distribution
(Litvak et al., 2011). Overall, �1% of all electrodes were interpolated and,
on average,13.18% of all trials were rejected, leaving, on average, 26.05
trials per condition.

Figure 4. Main effect of the communicative sender over the central cluster in the P2, P3, and early and late LPP time windows. Top, Difference topographies for the communicative sender. Blue
color indicates more negativity and red more positivity for the “human sender.” Bottom, Selected electrode Pz displaying the time course for both senders. For display purposes, data were filtered
using a 15 Hz low-pass filter.
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Statistical analyses. EEG scalp data were statistically analyzed with
EMEGS (Peyk et al., 2011). Two (sender: human vs computer) by three
(content: positive, negative, neutral) repeated-measures ANOVAs were
set up to investigate main effects of the communicative sender, emotion,
and their interaction in time windows and electrode clusters of interest.
Effect sizes were calculated for main and interaction effects and post hoc
comparisons. For all post hoc tests, mean microvolt values are presented
for each condition. Time windows were segmented from 150 to 200 to
investigate N1 and P2 effects, from 200 to 300 ms to investigate EPN
effects (Kissler et al., 2007), from 300 to 450 ms to investigate P3 effects,
and from 450 to 650 ms and 650 to 900 ms to investigate early and late
portions of the LPP, respectively (Schupp et al., 2004; Bublatzky and
Schupp, 2012). For the N1 time window, an occipital cluster was used (20
electrodes: PO9, PO9h, PO7, PO7h, I1, OI1, O1, POO3, Iz, OIz, Oz,
POOz, I2, OI2, O2, POO4, PO10, PO10h, PO8, PO8h). For the EPN time
window, two symmetrical occipital clusters of 11 electrodes each were
examined (left: I1, OI1, O1, PO9, PO9h, PO7, P9, P9h, P7, TP9h, TP7;
right: I2, OI2, PO10, PO10h, PO8, P10, P10h, P8, TP10h, TP8, see Kissler
et al., 2007). For the P2, P3, and LPP time windows, a central cluster was
investigated (26 electrodes: FCC1h, FCC2h, C3h, C1, C1h, Cz, C2h, C2,
C4h, CCP3h, CCP1, CCP1h, CCPz, CCP2h, CCP2, CCP4h, CPz, CPP1,
CPPz, CPP2, P1h, Pz, P2h, PPO1h, PPOz, PPO2h; see Schupp et al.,
2007).

Source reconstructions of the generators of significant ERP differences
were generated and statistically assessed with SPM8 for EEG (Litvak and
Friston, 2008; López et al., 2014) following recommended procedures.
First, a realistic boundary element head model was derived from SPM’s
template head model based on the MNI brain. Electrode positions were
then transformed to match the template head, which generates reason-
able results even when individual subjects’ heads differ from the template
(Litvak et al., 2011). Average electrode positions as provided by BioSemi
were coregistered with the cortical mesh template for source reconstruc-
tion. This cortical mesh was used to calculate the forward solution. The
inverse solution was then calculated from 0 ms to 1000 ms after feedback
onset (Campo et al., 2012). 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 with single-subject ma-
trix inversion, this has shown to result in more robust source estimations
(Litvak and Friston, 2008; Sohoglu et al., 2012).

For each analyzed time window, 3D source reconstructions were gen-
erated as NIFTI images (voxel size � 2 mm*2 mm*2 mm). These images
were smoothed using an 8 mm full-width half-maximum Gaussian ker-
nel. Consistent with a previous study (Campo et al., 2013), we describe
statistical differences 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 (Sun et al., 2015). Results exceeding this threshold ( p �
0.001 or FWE corrected) are marked separately to provide a transparent
and comprehensive data presentation. Some previous studies show gen-
erators of surface activity only descriptively (Schupp et al., 2007) or test at
more liberal significance thresholds of 0.05 (Sohoglu et al., 2012; Sun et
al., 2015). Furthermore, we extracted the significant activity from the
sender effect and used it as a ROI for the emotion effect to determine the
spatial overlap between the two effects. Within this ROI, FWE correction
was applied.

The identification of activated brain regions was performed using the
AAL atlas (Tzourio-Mazoyer et al., 2002).

Results
Questionnaire data
After debriefing, mean credibility ratings of the evaluative situa-
tion were 3.4 (SD � 1.02) on a scale ranging from 1 to 5. Two
participants stated they were strongly convinced, six participants
were quite convinced, four participants were somewhat con-
vinced, and four participants said they were little convinced that
they had been rated by another person in the “human sender”
condition.

Figure 5. Main effect of emotion over the central cluster in the late LPP time window. Left, Difference topographies between emotional and neutral decisions. Blue color indicates more negativity
and red more positivity for emotional decisions. Right, Selected electrode CPPz illustrates the time course for negative, neutral, and positive decisions. Mean amplitudes in microvolt for the central
late LPP cluster are shown at bottom. For display purposes, data were filtered using a 15 Hz low-pass filter.
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N1 and P2
For the N1 (150 –200 ms), there was no main effect of sender
(F(1,15) � 1.54, p � 0.23, partial � 2 � 0.09), of emotion (F(2,30) �
0.20, p � 0.82, partial � 2 � 0.01), or an interaction (F(2,30) �
1.44, p � 0.25, partial � 2 � 0.09) over occipital sensors.

For the P2, over the central sensor group, a main effect of the
putative sender (F(1,15) � 11.45, p � 0.01, partial � 2 � 0.43) was
found (Fig. 4). Post hoc tests showed that the “human sender”
(M � 1.29 �V) led to an enhanced P2 compared with the “com-
puter sender” (M � 0.82 �V). There was no main effect of emo-
tion (F(2,30) � 0.31, p � 0.74, partial � 2 � 0.02) and no
interaction (F(2,30) � 2.02, p � 0.15, partial � 2 � 0.12).

In source space, significant differences between the putative
senders were found in the P2 time window. Decisions made by the
“human sender” led to more activity in the bilateral fusiform gyri
and in the right inferior occipital gyrus (Table 2). Larger activations
were found only for the comparison “human sender” versus the
computer sender. No significantly larger activity was found for the re-
verse comparison even using a liberal threshold (uncorrected p�0.05).

EPN
Over the occipital sensor clusters a significant main effect of com-
municative sender was observed in the EPN time window (F(1,15) �
8.04, p � 0.05, partial �2 � 0.35; Fig. 2a). Here, the “human sender”
(M � �2.97 �V) led to a larger negativity compared with the
“computer sender”(M � �2.18 �V, p � 0.05). Further, an inter-
action between sender and emotion was observed (F(2,30) � 3.56,
p � 0.05 partial � 2 � 0.19). Within the “human sender,” negative
decisions elicited the largest EPN, followed first by neutral and then
by positive decisions, whereas for the “computer sender,” the op-
posite pattern was observed (Fig. 2b). In particular, negative de-
cisions (M � �3.21 �V) by the “human sender” elicited a more
negative-going EPN than negative (M � �1.89 �V; t(15) �
�3.82, p � 0.01) and neutral decisions (M � �2.22 �V; t(15) �
�2.59, p � 0.05) by the “computer sender.” In addition, neutral
decisions (M � �3.03 �V) by the “human sender” elicited a
larger EPN than both negative (t(15) � �2.74, p � 0.05) and
neutral (t(15) � �2.61, p � 0.05) decisions by the “computer
sender.” All other comparisons were insignificant.

In source space, significant differences between the putative
senders were also found in the EPN time window. Decisions
made by the “human sender” led to more activity in the bilateral
fusiform gyri and in the right inferior occipital gyrus (Fig. 3,
Table 3). Larger activations were found only for the comparison
“human sender” versus the “computer sender.” No significantly
larger activity was found for the “computer sender” even using a
liberal threshold (uncorrected p � 0.05).

P3
In the time window between 300 and 450 ms, a significant main
effect of the putative sender was found over central sensors (F(1,15) �

15.35, p � 0.001, partial �2 � 0.51). Post hoc tests show that the
“human sender” (M � 1.85 �V) led to an enhanced P3 (Fig. 4).
There was a trend-level effect of emotional content (F(2,30) � 3.10,
p � 0.06, partial �2 � 0.17). Here, negative decisions (M � 1.85 �V,
p � 0.05) and positive decisions (M � 1.97 �V, p � 0.08) led to
somewhat larger P3 amplitudes compared with neutral decisions
(M � 1.25 �V). Finally, no interaction between sender and emotion
was found (F(2,30) � 0.45, p � 0.64, partial �2 � 0.03).

In source space, significant differences were also found be-
tween the putative senders. Similar to the above reported effects,
decisions made by the “human sender” led to enhanced activity
in the bilateral fusiform gyri (Table 4), the right middle occipital
gyrus, and the left lingual gyrus. Again, no significantly larger
activity was found for the “computer sender” even using a liberal
threshold (uncorrected p � 0.05).

LPP
In the time window between 450 and 650 ms, a significant main
effect of the communicative sender was observed (F(1,15) � 10.45,
p � 0.01, partial �2 � 0.41), where the “human sender” (M � 2.31
�V) led to a larger positivity than the computer sender (M � 0.80
�V; Fig. 4). There was again a trend-like main effect of emotion
(F(2,30) � 2.66, p � 0.09, partial �2 � 0.15), where negative decisions
(M � 1.55 �V, p � 0.08) and positive decisions (M � 1.97 �V, p �
0.09) led to somewhat larger amplitudes compared with neutral de-
cisions (M � 1.14 �V). No interaction between sender and emotion
was found (F(2,30) � 2.20, p � 0.15, partial �2 � 0.12).

Between 650 and 900 ms, during the late portion of the LPP,
main effects of both the communicative sender (F(1,15) � 7.96,
p � 0.05, partial � 2 � 0.35), and emotion (F(2,30) � 3.99, p �
0.05, partial � 2 � 0.21) were observed (Fig. 4, 5). Again, post hoc
comparisons showed a sustained larger positivity for decisions by

Table 2. Source estimations for the comparison between the “human sender” and
the “computer sender” in the P2 time window (150 –200 ms)

Cluster level Peak level
MNI coordinates
(mm) AAL

No. of significant voxels Peak t(1,90) Peak p-uncorrected x y z Area

273 3.03 �0.005 38 �66 �18 Fusiform R
74 2.99 �0.005 44 �72 �16 Fusiform R

249 2.78 �0.005 �42 �64 �18 Fusiform L
273 2.71 �0.005 �36 �54 �20 Fusiform L

Results show enhanced source activations for the human sender in visual areas. For each significant peak, respective
coordinates (x, y, and z) are reported in MNI space. A cluster may exhibit more than one peak, whereas only the
largest peak is displayed. Area, Peak-level brain region as identified by the AAL atlas; R/L, laterality right or left.

Table 3. Source estimations for the comparison between the “human sender” and
the “computer sender” in the EPN time window (200 –300 ms)

Cluster level Peak level
MNI coordinates
(mm) AAL

No. of significant voxels Peak t(1,90) Peak p-uncorrected x y z Area

750 (656a, 346b) 5.64c �0.001 �40 �66 �18 Fusiform L
1031 (639a, 320b) 5.08c �0.001 36 �50 �18 Fusiform R
65 3.50 �0.001 44 �72 �16 Fusiform R

Results show enhanced source activations for the human sender in visual areas. For each significant peak, respective
coordinates (x, y, and z) are reported in MNI space. A cluster may exhibit more than one peak, whereas only the
largest peak is displayed. Area, Peak-level brain region as identified by the AAL atlas; R/L, laterality right or left.
aResulting cluster size when a threshold of p � 0.001 was used.
bResulting cluster size when FWE-corrected threshold of p � 0.05 was used.
cPeak significant at p � 0.05 FWE corrected threshold.

Table 4. Source estimations for the comparison between the “human sender” and
the “computer sender” in the P3 time window (300 – 450 ms)

Cluster level Peak level
MNI coordinates
(mm) AAL

No. of significant voxels Peak t(1,90) Peak p-uncorrected x y z Area

807 (725a, 549b) 6.73c �0.001 �42 �64 �18 Fusiform L
795 (723a, 553b) 6.63c �0.001 36 �50 �18 Fusiform R
63 3.35 �0.005 �12 �80 �12 Lingual L
81 2.90 �0.005 32 �84 6 Midoccipital R
63 2.77 �0.005 40 �82 10 Midoccipital R

Results show enhanced source activations for the human sender in visual areas. For each significant peak, respective
coordinates (x, y, and z) are reported in MNI space. A cluster may exhibit more than one peak, whereas only the
largest peak is displayed. Area, Peak-level brain region as identified by the AAL atlas; R/L, laterality right or left.
aResulting cluster size when a threshold of p � 0.001 was used.
bResulting cluster size when FWE-corrected threshold of p � 0.05 was used.
cPeak significant at p � 0.05 FWE corrected threshold.
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the “human sender” (M � 1.75 �V) compared with the “com-
puter sender” (M � 0.49 �V, p � 0.01). Further, positive deci-
sions (M � 1.58 �V) elicited a larger LPP compared with neutral
decisions (M � 0.62 �V, p � 0.05), whereas they did not differ
from negative decisions (M � 1.16 �V, p � 0.39). There was also
a trend for an enhanced LPP for negative compared with neutral
decisions (p � 0.055).

In source space, significant differences between the putative
senders were found in the two LPP time windows. Further, sig-
nificantly larger activations were found for emotional decisions
compared with neutral decisions (Table 5, Table 6).

In the early LPP time window, enhanced activity was again
observed in the bilateral fusiform gyri for the “human sender” as
well as in the bilateral lingual, bilateral middle occipital gyri, and
bilateral superior occipital gyri. In the late LPP time window,
more activity for the “human sender” was found in the bilateral
fusiform gyri, the bilateral lingual gyri, and the left superior occipital
gyrus. Importantly, activity induced by the “computer sender” was
never significantly larger than activity for the “human sender” even
using a liberal threshold (uncorrected p � 0.05).

To examine emotion differences in source space in the late
LPP time window and to assess their overlap with the sender
effect, the sender main effect was used as an ROI within which
familywise error correction was applied. This indicated that
emotional decisions led to significant larger activity in bilat-
eral fusiform gyri compared with neutral decisions, analogous
to what had been observed for the sender effect (Fig. 6, Table
6). Neutral decisions never induced more activity than emo-

tional ones even when applying a liberal significance threshold
(uncorrected p � 0.05).

Discussion
This study examined the impact of perceived communicative
context on the processing of emotional language. We hypothe-
sized that trait adjectives would be processed more intensely
when perceived as social feedback from another human. Indeed,
despite physically identical stimuli, we observed large differences
between the putative human and computer sender. In the “hu-
man sender” condition, larger ERPs were observed starting with
the P2 and extending throughout the entire analysis window en-
compassing EPN, P3, and LPP. Moreover, a main effect of emo-
tion was found in the late LPP time window, where positive and,
in tendency, also negative decisions were processed more in-
tensely than neutral ones. Finally, on the EPN, emotion effects
were found to differ between the senders because alerting to neg-
ative content was more pronounced in the “human sender” con-
dition than in the “computer sender” condition. Source analysis
revealed the fusiform gyri as primary generators of both sender
and emotion effects.

The sender effects support our main hypothesis, namely that
sender information is implicitly factored into stimulus process-
ing. This occurred even though the communicative context was
only implied and the stimulation identical across conditions. Ef-
fects started with the P2 and extended throughout the epoch,
indicating phasic amplification of processing due to higher mo-
tivational relevance of the “human sender” situation. Results fit
well with the concept of motivated attention (Lang et al., 1997).
Motivated attention has been suggested to account for spontane-
ously enhanced processing of emotional stimuli (Junghöfer et al.,
2001; Herbert et al., 2006; Flaisch et al., 2011). The concept builds
on the observation that experimental effects of emotional stimuli
often parallel those of explicit instructions in feature-based atten-
tion (for review, see Schupp et al., 2006). Both attention and
emotion amplify stimulus processing in object-specific regions of
the visual brain (Schupp et al., 2007). Accordingly, studies with
face stimuli show modulation of fusiform gyrus activity both by
attended and, independent of instruction, also by emotionally
relevant faces (Vuilleumier et al., 2001). We show here for the

Table 5. Source estimations for the comparison between the “human sender” and the “computer sender” in the early and late LPP time windows

Cluster level Peak level MNI coordinates (mm) AAL

No. of significant voxels Peak t
(1,90)

Peak p-uncorrected x y z Area

Early LPP time window (450 – 650 ms)
195 (104a, 1b) 4.73c �0.001 �12 �80 �12 Lingual L
647 (548a) 4.37 �0.001 �42 �64 �18 Fusiform L
766 (547a) 4.31 �0.001 36 �50 �18 Fusiform R
102 (47a) 3.80 �0.001 �18 �82 38 Sup Occipital L
175 (89a) 3.59 �0.001 30 �88 4 Mid Occipital R
46 3.51 �0.005 24 �82 40 Sup Occipital R
156 (64a) 3.46 �0.001 �32 �80 8 Mid Occipital L

Late LPP time window (650 –900 ms)
105 (31a) 3.74 �0.001 �12 �80 �12 Lingual L
69 3.35 �0.005 18 �74 �12 Lingual R
55 3.06 �0.005 �16 �82 40 Cuneus L
321 2.87 �0.005 �30 �64 �14 Fusiform L
322 2.78 �0.005 26 �62 �14 Fusiform R

Results show enhanced source activations for the human sender in visual areas. For each significant peak, respective coordinates (x, y, and z) are reported in MNI space. A cluster may exhibit more than one peak, whereas only the largest peak
is displayed. Area, Peak-level brain region as identified by the AAL atlas; R/L, laterality right or left.
aResulting cluster size when a threshold of p � 0.001 was used.
bResulting cluster size when FWE-corrected threshold of p � 0.05 was used.
cPeak significant at p � 0.05 FWE corrected threshold.

Table 6. Source estimations for the comparison between emotional and neutral
decisions during the late LPP time window (650 –900 ms)

Cluster level Peak level
MNI coordinates
(mm) AAL

No. of significant voxels Peak t(1,90) Peak p-uncorrected x y z Area

248 (437a) 2.71 �0.005 40 �40 �24 Fusiform R
176 (414a) 2.69 �0.005 �40 �42 �20 Fusiform L

Results show enhanced source activations for the emotional decisions in visual areas. For each significant peak,
respective coordinates (x, y, and z) are reported in MNI space. A cluster may exhibit more than one peak, whereas
only the largest peak is displayed. Area, Peak-level brain region as identified by the AAL atlas; R/L, laterality right or
left.
aResulting cluster size when a FWE-corrected threshold of p � 0.05 was used.
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first time modulations of fusiform responses to words due to
their implied contextual relevance.

Emotional content also affected processing. Consistent with
other studies, we found evidence for fast extraction of emotional
significance (Kissler et al., 2007; Scott et al., 2009), in particular in
the more relevant condition (Rohr and Rahman, 2015). An in-
teraction between content and context occurred already on the
EPN. Here, negative decisions by the “human sender” elicited
more negativity
than negative or neutral decisions by the “computer sender.”
Recently, three functionally distinct stages of emotional process-
ing have been proposed (Luo et al., 2010; Kissler and Herbert,
2013; Zhang et al., 2014): Initial alerting is supposed to accentuate
negative contents, whereas evaluative postprocessing favors positive
content. The present interaction demonstrates that contextual fac-
tors can modulate early emotion processing and that salient social
contexts accentuate early alerting mechanisms.

Consistent with the stage model, on the late LPP, primarily
positive words were processed more intensely than neutral ones.
The pattern was most pronounced in the “human sender” con-
dition, but also held in the “computer condition,” replicating
previous reports of enhanced LPPs in emotion word processing
(Kissler et al., 2007; Kanske and Kotz, 2007; Herbert et al., 2008;
Hofmann et al., 2009; Kissler et al., 2009; Schacht and Sommer,
2009a). A self-positivity bias may contribute to this. For example,
Tucker et al. (2003) had participants decide whether adjectives
were self-descriptive or descriptive of a close friend. Passive view-
ing served as the control condition. The LPP was generally larger
in the active conditions. Moreover, larger LPPs were found for
positive than negative traits endorsed in oneself or a close friend, the
effect being larger again for the self-positive traits (Tucker et al.,
2003). fMRI findings (Korn et al., 2012) and behavioral studies also
support a self-positivity bias (Hepper et al., 2011). Positive traits
seem more self-relevant for healthy subjects than negative traits and
a correlation of self-positivity bias and self-esteem has been found
(Zhang et al., 2013), which might be adaptive in helping people to
maintain psychological health (Blackhart et al., 2009). Overall, the
healthy brain appears to amplify processing of self-related positive
information. Using EEG’s time resolution, the present study deter-
mines a distinct processing stage, namely the LPP window, where
this occurs.

Source analyses indicate that the emotion enhancement takes
place in largely the same region as the contextual enhancement,
indicating that both context and content can independently am-

plify visual processing. Stronger activa-
tions for both the “human sender” and
emotional content were localized mostly
in bilateral fusiform gyri, including the vi-
sual word form area (VWFA), a region
specialized in the processing of written
language (Yarkoni et al., 2008; Mei et al.,
2010; Szwed et al., 2011; Wang et al.,
2011). For example, stronger VWFA acti-
vations are found for real words versus
objects or scrambled words (Szwed et al.,
2011) and can be modulated by task de-
mands (Wang et al., 2011). VWFA activity
is thought to reflect the integration of or-
thography, word sound, and meaning
(Yarkoni et al., 2008) and is also linked to
memory for words (Mei et al., 2010).

Overall, our findings agree with the
motivated attention model, further spec-

ify its cortical basis, and extend it to contextual factors. Results
confirm enhancement of visual processing by motivationally rel-
evant stimuli in object-specific cortical areas and indicate that
both stimulus and context characteristics can confer motiva-
tional relevance. Enhanced bilateral fusiform gyri activations are
likely to reflect heightened attention, enhancing the stimuli’s vi-
sual processing, if a supposedly “human sender” gave feedback.
Tasks such as lexical or semantic decisions compared with passive
viewing (Chen et al., 2013) or semantic versus perceptual tasks
(Martens et al., 2011) have been shown to modulate word pro-
cessing in a similar manner. In the current experiment, both
conditions basically required passive viewing. Therefore, modu-
lations can be only explained by implicit tuning due to the con-
text manipulation.

In face processing, stronger fusiform activity has been re-
ported to socially and biologically relevant faces compared with
nonface stimuli (Kanwisher et al., 1997). Fusiform responses are
larger for emotional than neutral faces and can be tuned by at-
tentional demands (Vuilleumier and Pourtois, 2007). Finally, so-
cial relevance manipulations, such as assigning faces to a group,
also amplify fusiform activity for in-group faces (Van Bavel, Packer,
and Cunningham, 2011). The present research extends these find-
ings to word processing in social contexts. For humans, verbal feed-
back is socially, and perhaps also biologically, important because
belonging to a community reflects a motivational desire derived
from its evolutionary advantage for group-living species.

A key question for future research concerns further specifica-
tion of the mechanisms behind tuning of fusiform activity by
stimulus and/or context attributes. An influential model suggests
that reentrant processing from the amygdala drives fusiform re-
sponses to emotional faces (Vuilleumier, 2005) and studies with
neurological patients also indicate a crucial role for the amygdala
in prioritized processing of emotional words (Anderson and
Phelps, 2001). The current study does not lend itself to a straight-
forward test of this model because EEG does not reliably localize
subcortical structures. However, future neuroimaging studies
will be revealing in this regard. Attentional modulation of visual
cortex has been suggested to be driven by top-down influences
from parietal or prefrontal cortex (for review, see Corbetta and
Shulman, 2002). However, in the present study, very little activity
outside of the visual cortex was found even at lenient thresholds
(p � 0.05), suggesting that these projections play little role in the
current experimental situation. Here, we confirm reports of oc-
cipital generators of emotion-LPP enhancements (Sabatinelli et

Figure 6. Late LPP: source estimations for the comparison between emotional and neutral decisions within ROIs derived from
sender main effects (shown are the FWE-corrected t-contrasts). Emotional decisions led to larger activity in bilateral fusiform gyri.
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al., 2007; Moratti et al., 2011), but found no significant differ-
ences in parietal or frontal generator activity. This may be be-
cause context was manipulated between blocks, resulting in
more sustained sensitization within visual cortex itself. In-
deed, recent connectivity studies indicate bottom-up effects of
left ventral occipitotemporal cortex, including the left fusi-
form gyrus, in word detection (Schurz et al., 2014). Finally,
emotional stimuli and social contexts manipulations may dif-
fer in their respective patterns of activity within fusiform
gyrus.

In summary, we found that the perceived social context has a
large impact on word processing. Our research specifies the time
course of the effect and reveals involved brain structures. Sender
differences started with the P2 and extended throughout the anal-
ysis window. Source estimation localized these effects primarily
to the fusiform portions of the visual cortex. Early in the processing
stream, negative feedback was processed more intensely when re-
ceived from the “human sender,” possibly reflecting an early alerting
mechanism. However, at late processing stages, positive feedback
was preferentially processed, supporting a self-positivity bias
(Izuma et al., 2010; Korn et al., 2012; Simon et al., 2014). These
results extend the concept of motivated attention from emotional
stimulus content to socio-emotional context and provide a step
toward studying word processing in more realistic or at least qua-
sicommunicative scenarios. The present design will lend itself to
straightforward investigations of interindividual differences and
clinical disorders. It gains further relevance in the age of virtual com-
munication, where personally unknown communication partners
often ascribe states and intentions to each other.
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