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ABSTRACT

ARTICLE HISTORY

During communicative face-to-face interactions, emotional expressions are typically processed
along with auditory speech. Although previous research has demonstrated the interaction
between emotion and linguistic processes, so far no study has focused on the effect of the
speaker's emotional facial expression on natural language processing. In the present event-
related potential (ERP) study, participants listened to spoken sentences while seeing the portrait
of the speaker’s face with either happy, neutral, or fearful emotional expression. In Study 1A,
the N400 effect, a neural marker of semantic comprehension, was unaffected by the speaker’s
emotional expression. In Study 1B, we manipulated morphosyntactic agreement. The P600
effect was boosted by the happy emotional expression. This may be interpreted as reflecting
additional effort in linguistic reanalysis, in line with the heuristic processing style that
characterises positive emotions. The present results demonstrate an influence of the speaker’s
emotional facial expressions on non-emotional language processing during audiovisual
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communicative interactions.

1. Introduction

Language can be considered a multimodal human adap-
tation that evolved by means of communicative press-
ures (Gibson et al, 2019). Since the information
processed during communicative interactions usually
derives from a speaker, we can refer to socially situated
language comprehension (Minster & Knoeferle, 2018).
Within this situational context, faces are a distinctive
type of stimuli. Hence, both visual and social information
derived from emotional facial expressions play a major
role in the communicative processes, facilitating the rec-
ognition of the speaker’s mental state (Somerville et al.,
2011). Extending current research, the present study
investigates the effects of a speaker’s emotional facial
expression on semantic and syntactic processing
during listening to connected speech, using event-
related brain potentials (ERPs) as the main research tool.

The interplay between language and emotion is
widely accepted (Hinojosa et al., 2020). By employing
different tasks and techniques, behavioural studies
have demonstrated influences of emotion on language
processing. However, there is still a lack of consensus

on the direction of the effects. For instance, in a lexical
decision task using the “mouse tracking” technique,
the processing of positive words was facilitated com-
pared to negative and neutral words (Crossfield &
Damian, 2021). In another study using a word recog-
nition task, both positive and negative valence of
words facilitated performance (shorter reaction times)
compared to neutral words, presumably because of
increased motivational relevance (Kousta et al., 2009).
Comparable results have been obtained in sentence
contexts. Particularly, eye movements revealed shorter
fixation times on emotion-laden words (Scott et al.,
2012). In Chinese reading, fixation durations were
affected by emotional words that were still in the paraf-
ovea (Yan & Sommer, 2015, 2019). However, contrary
evidence was found too. Hence, in a lexical retrieval
task, participants were found slower naming pictures
with negative and positive valence compared to
neutral pictures (Blackett et al., 2017).

Neuroimaging research suggests common neural
substrates of the processing of language and emotional
facial expressions, namely, the superior temporal sulcus
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(STS), a multimodal cortical area (Barraclough et al.,
2005). Engell and Haxby (2007) observed that this
region appeared more strongly activated during the per-
ception of emotional as compared to faces with neutral
expression. Further, the STS was more activated during a
semantic decision task about spoken words as com-
pared to listening to nonlinguistic sounds (Binder
et al, 1997), as well as in the processing of syntactically
complex relative to linear sentences (Friederici et al,
2009). The involvement of the STS in both facial and lin-
guistic information (syntactic and semantic) suggests
that it may be critical integrating multimodal language
and emotional information. Similarly, the anterior tem-
poral lobe (ATL) plays a role in integrating both multimo-
dal linguistic information and emotion. This region has
been proposed as a transmodal semantic hub (Patterson
& Lambon Ralph, 2016). Moreover, emotion-related
structures like the amygdala or the orbitofrontal cortex
connect with the ATL through the uncinate fasciculus
(Olson et al.,, 2013), which is also involved in syntactic
combinatory operations (Friederici et al., 2006). Overall,
there is support for a possible interaction between
emotional facial expressions and language comprehen-
sion at the semantic and syntactic levels.

Electrophysiological evidence increasingly demon-
strates that online language comprehension may be
modulated by emotion, as will be reviewed below.
The ERP technique provides fine-grained temporal res-
olution for the study of language in emotional con-
texts. The N400, the LAN, and the P600 components
of the ERP are well-known indices of language-
related processing. The N400 is a centro-parietal com-
ponent, peaking around 400 ms after stimulus onset
(Schone et al, 2018; Van Petten, 2014). It is sensitive
to the congruency of a word with preceding infor-
mation (Payne et al, 2015) and to contextual con-
straints, probably reflecting semantic processing
efforts (Kutas & Federmeier, 2011). The left-anterior
negativity (LAN) is considered as an index of first-
pass syntactic processes appearing about 300 ms
after a morphosyntactic mismatch (Friederici, 2011;
Molinaro et al., 2011). Syntactic reanalysis or repair is
indexed by the P600 (Friederici, 2011), a centro-parie-
tally positive-going component typically peaking
around 600 ms after stimulus onset.

Semantics and syntax may be differentially affected
by both emotional valence (positive, neutral, and nega-
tive) and by the moment at which the emotional stimu-
lus is provided. In the syntactic domain, Martin-Loeches
et al. (2012) manipulated both the morphosyntactic cor-
rectness and the emotional valence of critical words in a
sentence context. They found the largest LAN effect to
morphosyntactically incorrect and emotionally negative
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words, but an attenuation of this component for
emotionally positive words as compared to neutral
ones. Overall, the main findings for positive stimuli
within the sentence were interpreted based on a shift
from analytic to heuristic processing strategies (Holt
et al.,, 2009), that is, the linguistic processor may take a
shortcut, not using all linguistic information available
to complete the syntactic parsing. In contrast, negative
stimuli may trigger a more analytic processing strategy
(Bless & Schwarz, 1999; Gasper & Clore, 2002; lIsen,
2001). However, other studies using sentences did not
find significant modulations of the LAN amplitude by
emotion, neither when comparing pleasant with
neutral critical words (Diaz-Lago et al., 2015) nor to the
comparison of unpleasant words with neutral words
(Experiment 1; Fraga et al., 2017). Moreover, no signifi-
cant LAN modulations were found when the three con-
ditions (positive, neutral, and negative) were compared
together (Experiment 2; Fraga et al.,, 2017), with similar
arousal levels for positive and negative words. In this
line, a recent study reported similar LAN effects to
gender mismatches in moderately arousing positive
and negative words within sentences (Padrén et al,
2020). Although no control condition (neutral words)
was included in this study, the results suggest that the
arousal factor may be important to understand
emotional modulations of syntax processing. Interest-
ingly, the LAN is typically enhanced when the presen-
tation of the emotional stimulus — regardless of its
emotional valence - precedes sentence processing
(Espuny et al., 2018; Jiménez-Ortega et al., 2012).

The P600 component does not seem to be biased by
preceding or current emotion processing. For instance,
Diaz-Lago et al. (2015), Fraga et al. (2017), Jiménez-
Ortega et al. (2017, 2021) - using subliminal presen-
tation — Martin-Loeches et al. (2012), and Padron et al.
(2020), did not observe modulations of the syntactic
P600 effect by the emotional content within the sen-
tence. Similarly, Jiménez-Ortega et al. (2012) and
Espuny et al. (2018) did not observe significant modu-
lations of the P600 when emotion-laden language pre-
ceded morphosyntactic violations. In contrast to these
results, the presentation of happy or sad video clips pre-
ceding the presentation of neutral sentences containing
morphosyntactic subject-verb disagreements yielded a
positive effect of happy mood on the P600 amplitude,
and a negative effect of sad mood (Vissers et al., 2010).
These results were supported by Verhees et al. (2015),
who argued that a happy mood fosters heuristic proces-
sing, leading to a more superficial processing of mor-
phosyntactic mismatches, consequently requiring more
reanalysis, hence enhancing the P600 effect. The oppo-
site may be the case in sad mood, where a more detailed
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first-pass analysis diminishes the necessity for reanalysis
and therefore decreases the P600 effect.

In the semantic domain, Martin-Loeches et al. (2012)
used sentences containing emotion-laden words of posi-
tive, neutral, or negative valence that were either seman-
tically congruent or incongruent with the — emotionally
neutral — semantic context. Note that semantic congru-
ence was orthogonal to emotional valence. No inter-
action was found between the N400 effect and the
valence of the words. A similar pattern was reported
when emotional paragraphs preceded the processing
of semantically coherent and incoherent neutral sen-
tences (Jiménez-Ortega et al., 2012). In contrast, Feder-
meier et al. (2001) manipulated the participant’s mood
state with positive or neutral pictures preceding the
presentation of neutral sentences and found that posi-
tive mood significantly reduced the N400 to semantic
violations. However, Chwilla et al. (2011) reported a
reduction of the N400 for sad mood as compared to
happy mood, manipulated by means of film clips
shown prior to sentences presentation.

The studies reviewed above did not explicitly con-
sider interpersonal communicative contexts. In everyday
life such contexts are frequently provided by the
speaker, conveying many cues, ranging from visual
speech, facial and bodily emotional expressions, and
attention cues (gaze direction, posture), as well as iden-
tity-mediated semantic information, which, in turn, may
have strong emotional connotations. Hence it is feasible
to use the speaker’s face in psycholinguistic research to
investigate the influence of emotions as communicative
signals. In this regard, previous studies by the present
authors have focused on the effects of simulated com-
municative contexts on language processing by situat-
ing speech comprehension within face-to-face visual
contexts (Hernandez-Gutiérrez et al., 2018, 2021). It
was found that the mere presence of the speaker’s
face while listening to sentences impacts semantic pro-
cessing. This was evidenced in a larger N400 effect com-
pared to a non-social control condition, where a
scrambled face was presented as a control stimulus (Her-
nandez-Gutiérrez et al., 2021). Interestingly, in another
study that investigated whether the speaker’s facial
movements facilitate semantic comprehension, we did
not find such an effect when comparing the processing
of auditory sentences accompanied by either a video of
the speaker’s face or a still image of his face (Hernandez-
Gutiérrez et al, 2018). However, when listening to
expected sentences, a late posterior positivity (LPP)
emerged in the dynamic condition. Therefore, audio-
visual social communication presumably enhanced
motivated attention to the communicative context
when language was “easy” to process, otherwise,

neural processing of language should be prioritised. In
a series of studies, Xu and co-workers showed that the
speaker’s face (and voice) influenced syntactic proces-
sing, modulating the P600 component, presumably
moderated by the perceived language competence of
the speaker (Xu et al., 2020, 2021a, 2021b). Although
unrelated to emotion, these studies strongly indicate
that the social-communicative context exerts an
influence on language processing.

In the present study, we investigated the effect of
emotion on language processing framed within a simu-
lated social context. Because of the relevance of the
speaker within the communicative perspective of
language, face-to-face situational contexts were
expected to increase the emotional effects on language
comprehension. We carried out two sub-studies separ-
ately, examining the semantic and the syntactic
domains. In both sub-studies participants listened to
the sentences while viewing a static picture of the speak-
er's face with one of three emotional expressions: happy,
fearful, or neutral.

In Study 1A, we manipulated the semantic congru-
ence of critical words embedded in emotionally
neutral, naturally spoken sentences. Considering the
results from previous studies and the face-to-face
context, which may strengthen the effects of emotion,
we expected significant effects of emotional expressions
on semantic processing of emotionally neutral sen-
tences. However, because of mixed evidence, predic-
tions cannot be straightforward at this stage. In this
regard, while no modulation of the N400 effect by
emotion might be expected (e.g. Jiménez-Ortega et al,,
2012; Martin-Loeches et al., 2012), the effects might be
boosted by our present manipulation, resembling the
findings reported by Federmeier et al. (2001), or they
might even be reduced, in line with Chwilla et al. (2011).

In Study 1B, employing the same participants, stimuli,
and experimental procedures as in Study 1B, we
manipulated the morphosyntactic correctness of target
words. In line with previous findings, we expected that
fearful faces, as compared to happy and neutral
expressions would elicit the largest LAN amplitude,
because of a detailed first-pass morphosyntactic proces-
sing. Furthermore, we predicted reduced or no LAN
effects for happy as compared to neutral and fearful
expressions. Although some previous experiments had
not found significant modulations of the P600 with
non-face stimuli, we expected facial expressions to
affect this component due to their often powerful
effects. Consequently, if happy speaker expressions
foster heuristic morphosyntactic processing, we pre-
dicted larger P600 effects compared to neutral faces
because a deeper reanalysis will be necessary. In turn,



the P600 would be reduced by fearful speaker faces
because negative emotions might trigger an analytic
processing style facilitating the detection of morphosyn-
tactic errors, enhancing the LAN but diminishing the
need for reanalysis, reflected in the P600.

2, Study 1A: semantic domain
2.1. Methods

2.1.1. Participants

Thirty native Spanish speakers participated in both sub-
studies (15 males, 15 females; age range 18-25 M =19.8,
SD = 2.3); all were right-handed (mean Oldfield scores +
65; Oldfield, 1971) and reported normal or corrected to
normal vision and hearing, and the absence of psycho-
logical problems. Participants gave written informed
consent and were reimbursed with 15€. The study was
performed in accordance with the Declaration of Hel-
sinki and approved by the Hospital Clinico (Madrid)
ethic committee.

2.1.2. Materials and procedure

The language stimuli consisted of 960 Spanish sentences
(480 correct and 480 semantically incongruent versions)
with three different structures. Critical words could be
adjectives (Structure 1) or nouns (Structures 2 and 3).
The same materials had previously been used by Her-
nandez-Gutiérrez et al. (2021), where elicited clear
N400 effects. Examples of the linguistic stimuli are pro-
vided below. Critical words are boldfaced, and English
translations are presented in brackets.

Structure 1 (n =300): [Det]-[N]-[Adj]-[V]-[Prep]-[N]

o Congruent: El panuelo bordado era de mi abuela (The
embroided cushion belonged to my grandmother)

Figure 1. Emotional visual stimuli. Pictures of the female and
male speakers with the three different facial expressions:
happy (a), neutral (b) and fearful (c).
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¢ Incongruent: El pafiuelo asado era de mi abuela (The
roasted cushion belonged to my grandmother)

Structure 2 (n =90): [Det]-[N]-[V]-[Det]-[N]-[Ad]]

e Congruent: Los turistas habian fotografiado los gla-
ciares drticos (The tourists had photographed the
arctic glaciers)

e Incongruent: Los turistas habian fotografiado los pen-
samientos drticos (The tourists had photographed the
arctic thoughts)

Structure 3 (n=90):

[Prep]-[Det]-[N]

[Det]-[N]-[V]-[Prep]-[Det]-[N]-

e Congruent: Las hojas son recogidas durante el otofo
por los barrenderos (The leaves are picked by the
sweepers during the autumn)

e Incongruent: Las hojas son recogidas durante el escri-
tor por los barrenderos. (The leaves are picked by the
sweepers during the writer)

Sentences were spoken with neutral prosody by a
male and a female speaker. ERP triggers were placed
at the onset of target words with GoldWave®© software
by three different researchers, considering both the
auditory and visual (spectrogram) patterns of the
sound waves. The final trigger for each word was the
average of the three values. The length of target words
varied between two and five syllables, and linguistic
characteristics like word frequency, concreteness, ima-
geability, familiarity and emotional content were con-
trolled by presenting every target word and its
associated sentences in both voices across all exper-
imental conditions. The cloze probability was calculated
for congruent and incongruent target words with a
questionnaire showing the printed sentence fragments
preceding the target words, which was completed by
64 raters who did not participate in the study. Congruent
target words were predicted in 8.4% of all fragments,
while incongruent words were never predicted.

The spoken sentences were accompanied by a
picture of the (fictitious) speaker’'s face with either
happy, fear or neutral (control condition) emotional
expression (see Figure 1). Three pictures of the male
and the female speaker were taken from the NimStim
set of facial expressions (Tottenham et al., 2009). Each
face was assigned to the voice of the corresponding
sex; this correspondence was maintained throughout
the study.

The two sub-studies were performed in counterba-
lanced order in an electrically shielded cabin and took
25 min each. Participants sat in a comfortable chair
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facing a computer screen (1280 x 1024 pt) at a viewing
distance of 60 cm. Auditory stimuli were presented via
two shielded speakers placed at each side of the
screen. Sound pressure level was always the same and
all participants confirmed that the loudness was comfor-
table. Every participant listened to 240 sentences evenly
distributed to six conditions: 40 congruent and 40 incon-
gruent sentences, combined with happy, fearful, and
neutral expressions of the speaker’s faces. Each sentence
was presented to a given participant only once. Note
that in Study 1A, participants were presented only with
240 out of the total 480 sentences because they also par-
ticipated in Study 1B, where they received the other 240
sentences. Sentence assignment to experiment was
counterbalanced. The types of facial expression (happy,
neutral, fearful) and sentences (congruent, incongruent)
were mixed in random order. The experimental session
included three breaks, one after every 60 sentences.

We constructed six presentation sets of 240 sentences
each to cover all possible combinations between seman-
tic congruency and facial expression. Five participants
were assigned to each presentation set, and the presen-
tation order of sentences within each set was random-
ised. Although each participant heard a given sentence
spoken only by one of the speakers, across all partici-
pants, every sentence was presented in both the male
and female voice; hence, experimental effects cannot
be attributed to a particular linguistic sentence structure
or voice.

Participants were informed that they would hear sen-
tences while seeing the face of the speaker. They should
press one of two buttons with the left or right hand after
each sentence to indicate whether it made sense or not.
The assignment of judgment (yes/no) and response
button was counterbalanced across participants. At the
beginning of each trial, the speaker’s face appeared in
the centre of the screen. After 500 ms the audio presen-
tation started. The face was presented on the screen
until the end of the sentence; after 1s, a question mark
appeared at the centre of the screen, prompting the par-
ticipant to respond. Participants were asked not to blink
while the sentences were presented.

2.1.3. EEG recording and data analysis

The EEG was recorded from 59 cephalic electrodes
placed within an elastic cap according to the inter-
national 10-20 system; impedances were kept below 5
kQ. Vertical (VEOG) and horizontal (HEOG) bipolar
ocular electrodes were used to record blinks and hori-
zontal eye movements, respectively. Initially, EEG record-
ings were referenced to the right mastoid. Raw data
were sampled at 250 Hz and recorded with a band-
pass from 0.01 to 100 Hz. Offline, the EEG was re-

referenced to average mastoids and filtered with a
band-pass from 0.1 to 15 Hz. EEG epochs of 1100 ms
were segmented from the continuous EEG data, starting
200 ms before the critical word onset. The correction of
ocular artefacts (vertical and horizontal eye movements)
was conducted with Independent Component Analysis
(ICA). The rejection of the remaining artefacts was per-
formed semi-automatically, removing trials exceeding a
range of 100 uV and others by visual inspection.
Overall, the mean rate of rejected trials was 18%. ERPs
were computed only for trials with correct judgements.

A 200-ms post-stimulus baseline was applied. This has
previously been used in other studies (e.g. Herndndez-
Gutiérrez et al, 2021). Since target words were pre-
sented within connected-speech sentences, ERPs in the
congruent and incongruent conditions may diverge
before the onsets of critical words. Therefore, a post-
stimulus baseline ensures that differences between con-
ditions on the N400 amplitude are related to experimen-
tal manipulations.

A first visual inspection of grand average ERPs
confirmed the presence of an N400 effect with a
central topography between about 300 and 600 ms
(see Figure 2). To measure the N400 effect, we selected
a central ROI consisting of nine electrodes: FC1, FCz,
FC2, C1, Cz C2, CP1, CPz, and CP2. The averaged ampli-
tude across all ROI electrodes was used in the statistical
analyses. We conducted a 2 (Semantic congruency: con-
gruent vs. incongruent) x 3 (Emotional expression: posi-
tive vs. neutral vs. fearful) repeated-measures analysis of
variance (ANOVA). The ANOVA was performed on
average amplitudes within the 300-600 ms time
window, based on a previous study with the same
language material (Hernédndez-Gutiérrez et al., 2021);
visual inspection of the difference waveforms and the
scalp distribution of the effect confirmed this critical
time window. Greenhouse-Geisser corrections were
applied when appropriate.

2.2. Results and discussion

The average error rate in the semantic congruency task
was 11.01%. The ANOVA did not yield significant main
effects of Semantic Congruency (F (1, 29)=0.58; p
= 45; n°=.02; m=.11), Emotional Expression (F (2, 58)
=1.09; p=.33; n2= .04; m=.21), or interaction of these
factors (F (2, 58) =0.33; p = .66; r]2= .01; m=.1). Descrip-
tively, mean reaction times were longest after neutral
facial expressions (M =429.04 ms), followed by fearful
(M=41523ms) and happy expressions (M=
413.98 ms), but the factor Emotional Expression was
not significant (F (2, 58) = 2.53; p=.09; n° =.00; 77 = .49).
Further, no main effect of Semantic congruency (F (1,
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Figure 2. Congruency effects for each Emotional Expression. The difference maps represent the Congruency effect (incongruent

minus congruent) for each emotion in the N400 time window.

29)=0.45; p=.83; n2= .00; m=.06) or interaction of
Semantic Congruency and Emotional Expression (F (2,
58) = 0.35; p=.98; n° =.00; m=.05) were found.

In ERPs the N400 effect displayed a broad topographi-
cal distribution, being maximal at central electrodes for
happy and fearful emotional expressions (see Figure 2).
ANOVA confirmed the effect of Semantic Congruency
in the N400 window (F (1, 29) = 23.75; p <.001; n° = .45;
m=.1). Emotional Expression (F (2, 58)=1.95; p=.15;
n? =.06; m=.39), did not a yield significant main effect
or interaction with Semantic Congruency (F (2, 58) =
0.55; p=.58; n’=.02; m=.14). For neutral faces, the
amplitude appeared maximal at frontal sites (Fz). To
explore the possibility that the influence of emotion
on the N400 depends on the scalp site, planned analysis
were performed for two ROIs around Fz and CPz electro-
des. The frontal ROl included the electrodes F1, Fz, F2,
FC1, FCz and FC2, and the centro-parietal ROI included

the electrodes CP1, CPz, CP2, P1, Pz and P2. The three-
way interaction Emotional Expression by Semantic Con-
gruency by ROI did not yield a significant result, hence
did not support different N400 amplitudes between
emotions in frontal and central scalp sites (F (2, 58) =
0.18; p=.81; N =.03; m=.12).

Overall, the N400 effect was not sensitive to the
speaker’'s emotional facial expression. Therefore, the
present results do not support the hypothesis that
emotional facial expressions in communicative contexts
have a relevant effect on the semantic processing of
speech, which is in line with previous negative results
with written emotion-laden language stimuli (Jiménez-
Ortega et al., 2012; Martin-Loeches et al., 2012). In sum,
the N400 was not significantly affected, indicating
similar efforts in the processing of semantic incongruen-
cies (Kutas & Federmeier, 2011) when facing emotional
and neutral speakers.
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3. Study 1B: syntactic domain
3.1. Methods

3.1.1. Participants
Participants were the same as in Study 1A.

3.1.2. Materials and procedure

The 480 correct sentences used in Study 1A were
modified to include a morphosyntactic violation of
gender or number in critical words. Depending on the
structure of the sentence, there could be a noun-adjec-
tive mismatch (Structure 1) or determiner-noun mis-
match (Structures 2 and 3). In our previous study
(Herndndez-Gutiérrez et al., 2021), these morphosyntac-
tic mismatches elicited both LAN and P600 components.
Examples of the sentences and their English translations
are provided below (critical words in brackets).

Structure 1 (n =300): [Det]-[N]-[Adj]-[V]-[Prep]-[N]

o Correct: El pafiuelopasc/sing bordadop,sc/sing €ra de mi
abuela
(The embroidedy,sc/sing CUShiONmasc/sing Pelonged
to my grandmother)
¢ Incorrect: El pafiuelopasc/sing bordadagen sing era de
mi abuela
(The embroidedr.m/sing CUshionyascssing belonged
to my grandmother)

Structure 2 (n =90): [Det]-[N]-[V]-[Det]-[N]-[Adj]

e Correct: Los turistas habian fotografiado l0Syasc/piur
glaciares,sc/piyr articos.
(The tourists had photographed thepasc/piur arctic
gIaCiersMasc/Plur)
e Incorrect: Los turistas habian fotografiado lospasc/piur
glaciary,sc/sing articos
(The tourists had photographed thepasc/piur arctic
glaciery,sc/sing)
Structure 3 (n=90):
[Prep]-[Det]-[N]

[Det]-[N]-[V]-[Prep]-[Det]-[N]-

o Correct: Las hojas son recogidas durante elpasc/sing
0toA0,sc/sing POT lOs barrenderos
(The leaves are picked by the sweepers during
theMasc/Sing al‘turn"MaSA:/Sing)
¢ Incorrect: Las hojas son recogidas durante elyasc/sing
otonosy.sc/piur POT l0s barrenderos.
(The leaves are picked by the sweepers during
theMasc/Sing autumnsyasc/piur)

Participants listened to 240 sentences, all different to
the ones that had been presented to them in Study TA.

Since the critical information for morphosyntactic viola-
tions relates to the gender/number markers, triggers for
critical words were set at the offset of the lexeme, just
before the gender/number declension, following the
same procedure as in Study 1A (average of 3 different
judgements).

The experimental procedure was the same as in Study
1A, but participants performed a morphosyntactic cor-
rectness judgment after each sentence. Study 1B also
took 25 min and was separated from Study 1A by a 10-
min break.

3.1.3. EEG recording and data analysis
The characteristics of the EEG recordings were identical
to Study 1A.

Overall, the mean rate of rejected trials was 13%. A
visual inspection of the ERPs confirmed the presence
of LAN and P600 effects (Figure 3). We performed 2
(morphosyntactic correctness: correct vs. incorrect) x 3
(emotional expression: positive vs. negative vs. neutral)
repeated-measures ANOVAs for two ROls, based on
our previous study with the same material (Hernandez-
Gutiérrez et al., 2021) and on visual inspection. The
LAN was measured in the time interval 250-400 ms
after morphosyntactic declension onset, in a ROI consist-
ing of six electrodes: F3, FC3, FC5, T7, C3 and C5. The
P600 amplitude was measured in two consecutive time
windows: 450-650 and 650-850 ms. In line with our pre-
vious study (Herndndez-Gutiérrez et al., 2021), we
decided to split the P600 into two intervals since they
have been proposed to reflect two-functionally
different processing stages (Molinaro et al., 2011). Ana-
lyses were performed within a ROl consisting of ten elec-
trodes: P3, P1, Pz, P2, P4, PO3, PO4, CP1, CPz and CP2.
The averaged amplitudes of the electrodes within a
given ROl were used as dependent variables. Bonfer-
oni-corrected posthoc pairwise comparisons were
applied to significant interactions. Otherwise, data pro-
cessing was the same as in Study 1A.

3.2. Results and discussion

The mean error rate in the morphosyntactic correctness
task was 2.26%. The ANOVA of error rates revealed a sig-
nificant effect of Morphosyntactic Correctness (F (1,29) =
5.95; p=.02; n2 =.17; m=.65), with slightly more errors
after incongruent than congruent sentences (M =2.76
vs. 1.77%). Emotional Expression did not yield a signifi-
cant main effect (F (2,58) =0.1; p=.99; n” =.00; m=.05),
nor interaction with Morphosyntactic Correctness (F (2,
58) = 0.46; p = .64; n° = .02; m=.12).

For reaction times, the ANOVA revealed a significant
main effect of Morphosyntactic Correctness (F (1,29) =
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68.1; p <.001; n2 =.06; m = 1); participants responded sig-
nificantly faster to incorrect than to correct sentences (M
=363.14 vs. 403.78 ms). In contrast, the main effect of
Emotional Expression (F (2, 58) =0.36; p=.7; n°=.00; m
=.11) and its interaction with Morphosyntactic Correct-
ness (F (2, 58)=0.36; p=.7; n°=.00; m=.16) were not
significant.

Figure 3 shows grand average ERPs to morphosyntac-
tically correct and incorrect target words for each
emotional facial expression. The ANOVA in the LAN
interval (250-400 ms) confirmed a significant main
effect of Morphosyntactic Correctness (F (1, 29) = 10.33;
p =.003; n2=.26; m=.87). Neither the main effect of
Emotional Expression (F (2,58) =.092; p = .91; n? =.00;
=.06), nor it's interaction with Morphosyntactic Correct-
ness (F (2,58)=1.97; p=.15; r[2 =.06; m=.39) was statisti-
cally significant.

For the P600, ANOVAs for each time window revealed
a strong main effect of Morphosyntactic Correctness
(450-650 ms: F (1,29)=51.62; p<.001; n’=.64; m=1;
650-850 ms: F (1,29)=133.97 p<.001; n°=.82; m=1).
Importantly, the ANOVA computed in the first P600
time window (450-650 ms) showed a significant inter-
action of Morphosyntactic Correctness by Emotional
Expression (F (1, 29)=3.72; p=.03; n’=.114; m=.66)
(Figure 4, A). Post-hoc pairwise comparisons revealed
that the P600 effect - incorrect vs. correct — was signifi-
cant in all three emotion conditions (neutral: A=3.61 uV,
p <.007; happy: A =4.54 pV, p <.001; fearful: A =3.28 pV,
p <.001). The analyses also revealed that the P600 effect
was significantly larger in the happy condition relative to
the neutral (F (1, 29) = 4.6; p=.04; n° =.14; m=.55) and
relative to the fearful condition (F (1, 29) =5.92; p=.02;
n?=.17; m=.65) (Figure 4). In contrast, the fearful and
neutral conditions did not differ significantly (F (1, 29)
=046, p=.4; r)2= .02; m=.1). Pairwise comparisons
between emotions were also performed separately for
correct and incorrect sentences. Analyses within
correct sentences (Figure 4, B) evinced significant differ-
ences between the fearful speaker condition as com-
pared to both neutral (A=0.97 pV, p=.006) and happy
expressions (A=0.85 pV, p=.05). No significant differ-
ences were found between neutral and happy con-
ditions (A=0.119 pV, p =1). In contrast, analyses within
incorrect sentences (Figure 4, C) only revealed a signifi-
cant difference between neutral and happy trials -
showing happy the largest P600 - (A=1.05 pV, p
=.01), but neither between neutral and fearful (A
=.664 pV, p=.19) nor between the happy and fearful
conditions (A=0.41 uV, p<.76). In the second P600
window (650-850 ms) the interaction of Morphosyntac-
tic Correctness by Emotional Expression was not signifi-
cant (F (1, 29) =1.55; p=.22; n? =0.5; m=.31).

The main effect of Emotional Expression was signifi-
cant in both P600 time windows (450-650 ms: F (2,
58)=7.36; p=.001; r72=.20; m=.93; 650-850 ms: F (2,
58)=4.77; p=.012; r72=.14; m=.77). Post-hoc pairwise
comparisons were performed to disentangle the main
effect of emotion. First, the comparison of fearful vs.
neutral emotional expressions vyielded significant
effects in both time windows (450-650 ms: A =0.81 pV,
p =.001; 650-850 ms: A =0.6 pV, p =.04) due to the mor-
phosyntactically correct condition. Second, the compari-
son of neutral and happy emotional expressions was a
trend between 450 and 650 ms (A=0.58 uV, p=.052),
and significant between 650 and 850 ms (A=0.74 pV,
p =.03), related to a larger amplitude of the happy con-
dition in the incorrect sentences. The comparison
between fearful and happy conditions was not signifi-
cant (all ps > .99). A visual inspection of the ERPs
(Figure 5) showed positivity with centro-parietal distri-
bution. Considering the present evidence, this main
effect of Emotional Expression does not appear to be a
genuine emotional effect, but a differential modulation
of the P600 as a function of the emotional condition.
In other words, correct sentences were boosted by the
presence of a fearful speaker face, while incorrect sen-
tences were boosted by happy faces. Moreover, this
interpretation is coherent with an absence of emotion
main effects in Study 1A.

Summarising, in this sub-study the LAN effect was not
significantly modulated by affective visual stimuli. In
turn, happy facial expressions evinced the strongest
effect in the first half of the P600. Taken together,
these findings indicate a differential pattern of language
processing when parsing morphosyntactic anomalies as
a function of the emotional valence of the speaker’s face.
In particular, seeing happy speaker’s faces may engage
heuristic processing in coherence with previous reports
(Verhees et al., 2015; Vissers et al.,, 2010). Results are
also in line with studies that manipulated emotion
within the critical words (e.g. Martin-Loeches et al,,
2012).

4. General discussion

The purpose of this study was to investigate language
comprehension in face-to-face affective contexts. Par-
ticularly, we simulated a social-communicative context
to investigate the effects of presenting a picture of the
emotional facial expression of a speaker on the semantic
and morphosyntactic processing of natural speech.
The most prominent results were found in Study 1B
(syntactic domain), of a larger morphosyntactic P600
effect in the happy as compared to neutral and fearful
speaker face conditions, which is in line with our
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hypothesis. However, the fearful condition did not yield
a smaller P600 effect, as predicted from other studies
using visual stimuli — instead of verbal material — convey-
ing emotional information (Verhees et al., 2015; Vissers
et al, 2010). This is in line with Van Berkum et al.
(2013), who found an earlier onset of the P600 in the
happy condition related to an anticipation of the proces-
sing costs. An interesting finding related to this P600
interaction effect is that incorrect and correct sentences
were differently affected by each facial expression.
Specifically, correct sentences yielded larger amplitudes
when accompanied by a fearful expression compared to
the neutral and happy conditions. However, incorrect
sentences in the happy condition showed a larger
P600 component than in the neutral condition. Consid-
ering these results, the reanalysis of morphosyntactic
errors seems to be prioritised over the negative
emotional information received from the speaker’s
facial expression. Thus, when participants listen to incor-
rect sentences that hamper comprehension, the linguis-
tic processing is not affected by the negative visual
information. Otherwise, when participants listen to
correct sentences and language comprehension is not
constrained, an emotion effect appears. Curiously, this
was not the case for the positive emotion. In this case,
seeing the happy speaker expression only modulated
the processing of incorrect sentences, increasing the
resources invested in the reanalysis of the morphosyn-
tactic errors, which relates to the largest P600 effect, as
predicted in our hypothesis.

Differences in information processing styles may
explain the P600 findings. Hence, the P600 effect to mor-
phosyntactic violations was expected to increase in the
happy condition probably because positive emotions
trigger a heuristic, less demanding processing style

(Bless & Schwarz, 1999; Gasper & Clore, 2002; Isen, 2001).
A heuristic linguistic processing does not consider all the
information available to complete syntactic parsing, and
therefore it is necessary to invest more resources in the
reanalysis of the sentences. However, we did not
observe the expected significant decrement of the LAN
effect to happy speaker faces, nor a significant boost of
the effect in the fearful condition, in line with Diaz-Lago
et al. (2015), Fraga et al. (2017) and Padrén et al. (2020).
Even though, a visual inspection of the ERPs (Figure 3)
suggests a prominent LAN component in the fearful con-
dition and a barely visible one in the happy condition.
Considering both the short duration and the small magni-
tude of the LAN component, it is possible that the natural
auditory presentation of the sentences and the manual
location of the triggers on each word augmented the
variability among trials and the noise of the EEG signal,
which hampered the emergence of significant differences
between emotions. Jittering of ERPs is a typical problem
related to spoken sentences because of the incremental
stimulus presentation and the use of target words with
different length (Alday et al., 2017). Previous research in
morphosyntactic processing has shown a continuum
between individuals showing a negative ERP pattern
(LAN) and those showing a positive pattern (P600) (e.g.
Caffarra et al, 2019; Fraga et al, 2021; Tanner & Van
Hell, 2014). Our study was not designed to investigate
such individual processing differences, but they might
affect the biphasic LAN-P600 result. This should be con-
sidered in future studies.

A reduction of the P600, — usually accompanied by an
increase of the LAN —, is also a pattern that has been
reported in individuals with good compared to poor lin-
guistic comprehension and better working memory
capacity (King & Kutas, 1995; Vos et al,, 2001; Tanner &



1488 e D. HERNANDEZ-GUTIERREZ ET AL.

Pz 5 5

-] —— Neutral
—— Fear

—— Happy

Difference maps

Fear minus Neutral Happy minus Neutral

°0000000%

PP o 0o.06 o 0 0 °

450 - 850 ms

650 -850 ms

| SEmmmas |
-1.14 W 114

Figure 5. ERPs of critical words on each emotional expression
(neutral, fearful, happy). Correct and incorrect words are col-
lapsed. Only the Pz electrode is plotted. The difference maps
represent the topographies resulting from the comparison of
fear and happy conditions to control (neutral).

Van Hell, 2014). Therefore, seeing the speaker with a
happy face may have triggered a - relatively inefficient -
heuristic processing strategy compared to a fearful
speaker. This may have led to a shift to more analytic
processing, increasing the efforts invested in the com-
prehension of the sentence (such an explanation
based on the efficiency of processing is in line with pre-
vious linguistic ERP studies, e.g. Espuny et al., 2018).
However, this only applied to correct sentences.
Maybe, when the speaker showed a fearful expression,
participants analysed these sentences more thoroughly
than when being presented with neutral and happy
expressions, acting more diligently. On the contrary,
incorrect sentences did not require extra scrutiny
because it was clear that they were deficient. An alterna-
tive interpretation to consider is that fearful faces lead to

a closer scrutiny of any sentence, leading to a larger
effect in the correct sentences compared to the other
emotional expressions, but not in the incorrect sen-
tences because of a ceiling effect. Lastly, considering
that in the present study language comprehension
was situated in an affective (simulated) face-to-face
context, the P600 boost after happy emotional
expressions might be also related to social-affective pro-
cesses. During face evaluation, humans obtain an
impression of other individuals (Safra et al, 2020).
Thus, happy faces increase social motivation to
approach, and stimulate communication in social con-
texts (Nikitin & Freund, 2019). Therefore, such positive
affect towards the speaker might have resulted in the
higher-order processes indexed by the P600.

In Study 1B (semantic domain) neither the modu-
lation of the N400 effect by the emotional facial
expressions of the speaker, nor the behavioural results,
were statistically significant. Specific visual differences
in the scalp distribution of the N400 appeared
between emotional facial expressions, but they were
not supported by statistical analyses. This result is in
line with previous studies that failed to find a modu-
lation of the N400 effect by emotional information unre-
lated to sentence content, neither manipulating
emotional valence in the critical words (Martin-Loeches
et al, 2012) nor presenting emotion-laden language
before the sentences. Accordingly, the N400 does not
seem to be affected by social-emotional information
unrelated to the semantic congruence of the critical
word, and this is so irrespective of the moment when
the affective stimulus is processed (preceding or within
the sentence), as well as of the type of emotional
stimuli employed (linguistic, non-linguistic), even if it
was expected that faces might increase the relevance
of the context. This is in consonance with the results
of Herndndez-Gutiérrez et al. (2021) who investigated
whether the dynamic features of the speaker’s face
could facilitate semantic processing of speech. Partici-
pants listened to spoken sentences while watching
either a video or a still picture of the speaker’s face.
The N400 component to unexpected sentences was
not significantly different between both visual con-
ditions, although a dynamic video is a richer communi-
cative context than a static image, and more similar to
a natural interpersonal situation. Therefore, when
semantic comprehension is demanding, the cognitive
system may prioritise language comprehension over
visual cues (Hernandez-Gutiérrez et al., 2021).

Regarding possible limitations of our study, firstly,
one might consider that coupling the speaker’s
emotional facial expression with certain sentences
could be incongruent by itself. In other words, the



visual stimuli could add positive or negative valence to
the communicative context that does not correspond
with the neutral content of the sentence. If this were
the case, congruent neutral sentences uttered by
happy and fearful speakers would generate a larger
N400 compared to the same sentences uttered by
speakers with neutral expression. However, we did not
find such a difference. In addition, correct words in
emotional conditions did not seem to exhibit larger
N400 components. Even though, considering the multi-
modal nature of language processing, which is usually
based on congruent information, the experimental
manipulation may be more ecological and stronger if
congruent. Follow-up investigations might compare
emotional sentences spoken in emotional prosody and
preceded by emotional faces with all neutral conditions.
Secondly, an intrinsic limitation to using natural speech
compared to visual stimuli is the incremental stimulus
presentation, differences in length of target words, and
jittering of ERPs (Alday et al., 2017). Even though it
was possible to observe satisfying ERP components to
our experimental manipulations, allowing to investigate
language comprehension within an affective simulated
face-to-face context. However, is necessary to point
out that differences in the LAN effect between speakers’
facial expressions may not have reached statistical sig-
nificance because of this reason, since the use of audi-
tory stimuli resulted in a noisier EEG, adding more
variability to the data. Finally, follow-up studies may
benefit from including larger sample sizes.

In conclusion, we have situated the participants in a
simulated social context to examine how the neural
basis of language comprehension can be affected by
an emotion-laden stimulus that is especially relevant
for the communicative process, namely the speaker’s
face. Ultimately, our results support the claim that pro-
cessing a speaker’s emotional facial expression impacts
speech processing in the syntactic domain. Hence, the
P600 effect is boosted when facing a happy speaker,
probably related to reanalysis or reprocessing costs, in
line with a heuristic type of processing with positive
emotions. The modulation of this component was
found even in the absence of an emotion-related task,
and in a situation in which the emotional information
was irrelevant to the main linguistic task. This finding
adds new information on how social situational con-
texts, where language normally occurs, constrain its
neural and cognitive mechanisms.
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