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DISTORTED FACE PERCEPTION:
AN ERP STUDY OF EMOTIONAL EXPRESSION PROCESSING

Background. Reading the emotional cues from the faces of people around us is considered to be the crucial element of
successful social interaction. However, at the moment there is no single point of view on the basic principles of the organization
of neuromechanisms corresponding to face perception, which determines the relevance of this work. Therefore, we focused
primarily on the effective neuronal networks formed during the processing of emotional visual stimuli — human faces, in their
natural form and under the conditions of configurational changes‘ introduction. Current study aimed at highlighting more subtle
elements of face perception and decoding mechanisms.

Methods. For the purpose of the study, blurred facial expressions were presented amongst the natural face images of
different emotional valence. During the exposition, the electroencephalogram was recorded, which then formed the basis for event-
related potentials' grand average calculation. Further analysis involved comparing the grand average ERP curves recorded from
the precentral cortical regions in two gender-based groups. The findings showed that female participants were more engaged in
detecting and deciphering emotional expressions even from the minute hints included in the blurred photos. On the other hand,
the male group also showed more significant decoding and recall processes, when presented with blurred neutral stimuli.

Results. The findings showed that female participants were more engaged in detecting and deciphering emotional
expressions even from the minute hints included in the blurred photos. On the other hand, the male group also showed more
significant decoding and recall processes, when presented with blurred neutral stimuli.

Conclusions. These results are consistent with current evidence on the emotional sensitivity hypothesis and gender-
specific variations in face perception strategies, which reveal that men and women appear to perceive neutral faces with varying

degrees of accuracy, and women are more likely to perform better when processing emotional expressions.

Keywords: electroencephalography; event-related potentials; emotions; face perception.

Background

Successful social interaction is said to depend heavily on
one's ability to perceive nonverbal cues, such as facial
expressions. Intuitive reading of mimic cues occurs
automatically since it is seamlessly incorporated into our
daily social interactions. There is no consensus on how the
human brain interprets facial traits, though, as of yet. The
perception of the face as a whole and as a single image is
described by one competing idea, while the other
emphasizes the significance of isolating particular structural
components of the face with subsequent progressive
processing. This ambiguity makes the problem of choosing
the most important elements in emotional irradiation, which
may be studied using warped images. The human face is
perceived holistically, and information concerning the
"centering" of the face is located in both the right and left
hemispheres of the human brain cortex, according to
recently discovered data (Almeida et al., 2020).

According to the concept of a holistic (configurational)
face perception strategy, these visual stimuli are perceived
atomically, as an inseparable object, at all stages of
cognitive processing, and each subsequent presentation of
a stimulus from this category is correlated by the brain with
a previously formed template. Holism is a basic premise of
Gestalt theory, which states that gestalts are "sensory
wholes" that are qualitatively different from the sum of their
individual parts or components and possess new traits
(Almeida, 2020), that is, emergent properties. In the field of
face perception, terms such as "configurational,"
"relational,” and "holistic" are used to explain the emergent
attributes of a face that emerge only when two or more of its
elementary features (such as the eyes, nose, or mouth) are
processed simultaneously at the same point in time.

The recognition process begins with the stage of visual
analysis, which leads to the construction of a detailed
perceptual image of the face being presented. For the
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reason that faces constitute a visually homogeneous category
with a high level of structural similarity seen among individual
exemplars, successful discrimination at the individual level
requires detailed holistic/configural processing that integrates
multiple parts of a face into a unified perceptual image, taking
into account subtle differences in the spatial relations between
its components (Rossion, 2014). Thus, under normal
circumstances, the activation of a face memory
representation is accompanied by the search for multimodal
information about the degree of familiarity of a person, which
is a diverse collection of relevant biographical/semantic facts
(e.g., profession, name, and personality traits),
autobiographical/episodic details (e.g., memories of specific
personal meetings) and an emotional reaction that reflects the
personal significance of a person.

Thanks to the numerous works that exist at the moment,
it has been proven that the perception of such a stimulus
category as a face occurs thanks to an extensive cortical
network that connects topographically separated areas of the
cortex and some of the subcortical structures. Currently, it is
customary to divide the elements of the face perception
network into two distinct large networks: the central system,
which specializes in processing the characteristics of the
stimulus, according to the modality inherent in the face itself,
and the extended system, which is responsible for storing a
memory trace of the face, and is also able to generate an
emotional response. The key components of the central
system responsible for face recognition include three well-
defined areas of the visual cortex located along the posterior-
anterior axis of the ventral occipito-temporal cortex (VOTC) —
these are face-specific areas of the occipital cortex (occipital
face area, OFA), the fusiform face area (FFA), and anterior
temporal face area (ATFA) (Kessler et al., 2021).

Core components of the extended face recognition
system regions within the anterior temporal lobe (ATL),

© Chernykh Mariia, Zyma lhor, 2023



BIONOriA. 3(94)/2023

~ 47 ~

namely ventrolateral and medial structures including the
hippocampus and perirhinal/entorhinal cortex. They are
involved in the storage and updating of semantic and
episodic memory. The extended network also includes the
amygdala and other elements of the limbic system (insula,
ventral striatum, cingulate cortex, orbitofrontal cortex), which
are involved in evaluating the emotional significance and
personal significance of faces. Finally, it was found that the
activation of the ventrolateral prefrontal cortex (PFC) during
the processing of a familiar face was associated with the
involvement of top-down monitoring functions and executive
control mechanisms for face perception operations
performed by the temporal cortex and memory network
(Willinger et al., 2019).

For the purposes of the study, the event-related potential
(ERP) technique was chosen due to its ability to detect fine
aspects of input information perception and processing. In
this study we focused on the nuances of cognitive
processing, therefore only several cortical regions, all of
precentral nature (frontal, central, and parietal) were
selected for further inquiry, as they are known for their role
in information analysis and integration. Several components
of the grand average ERP curve demonstrate high
specificity for face detection and analysis both at the early
and late stages of processing, i.e., P100, N170, N40O, LPP,
etc. While the N170 peak (a negative peak, which arises at
150-200 msec after stimulus onset) is considered to be the
major marker of face detection (Feurriegel et al., 2015), an
increasing amount of evidence is currently being
accumulated regarding the sensitivity of such ERP
components as N400 (a negative component, which occurs
around 400 msec after stimulus onset and indicates
attention modulation during face processing (Neumann,
Schweinberger, 2008)) and late positive potential (LPP, a
positive peak at 800-1000 msec latency after stimulus
onset). According to recent data (Gao et al., 2022), the LPP
is considered to be the major ERP component conveying the
face context effect. That is, the early-stage processing
mainly reflects the emotion-valence based effects of face
perception, while the late positive potentials correlate with
specific contextual emotion-based effects.

The aim of this study was to uncover subtle
neuromechanisms of face perception, "coding", and

emotional impact processing by using functionally
misconstrued ("blurred") faces.
Methods

20 healthy volunteers of ESC "Institute of Biology and
Medicine", Taras Shevchenko National University of Kyiv
(n =20, nfem =11) aged 18 to 24 (M =21, SD = 1.76) were
involved in the study. The participants were informed about
the content of the stimulation, and written informed consent
was obtained from each subject under the World Medical
Association (WMA) Declaration of Helsinki—ethical principles
for the medical research involving human subjects (Helsinki,
Finland, June 1964), the Declaration of Principles on
Tolerance (28" session of the General Conference of
UNESCO, Paris, November 16, 1995), the Convention for the
protection of Human Rights and Dignity of the Human Being
about the Application of Biology and Medicine: Convention on
Human Rights and Biomedicine (Oviedo, April 04, 1997).

The experimental structure consisted of the
consequential oddball presentation of four stimulation series
(10 min long each), with simultaneous EEG data recording.
Each series of images was preceded by a resting EEG
recording with eyes closed (3 min) and eyes open (3 min).

Stimulation material was obtained from the International
Affective Pictures System (International Affective Pictures
System) (Bradley, Lang, 2007), with further blur filter
application. In the stimulation program, faces with neutral
emotional valence were chosen as frequent stimuli
(M=422, SD=1.64, n=100, nem=50 to M=5.84,
SD =1.62, n =100, nem=50). Rare stimuli were identified as
positive (mean values of emotional valence: M =6.94,
SD=142, n=100, nfem=50 to M=8.03, SD=1.13,
n =100, nfem = 50) and negative (mean values of emotional
valence M= 2.1, SD =1.63, n =100, nem=50 to M =4.21,
SD =1.62, n=100, nfem= 50) faces, which were blurred.
Rare stimuli (positive and negative in valence, respectively)
were presented according to a randomized pattern with rare
stimuli' appearance probability at a 30 % rate. The total
number of rare stimuli reached 100, and each stimulus was
onset for 500 msec with a follow-up period of 3 sec + 30 %.

Fig. 1. Example of stimulation material — positive facial expression (a); blurred positive facial expression (b)

Further preprocessing and analysis of the obtained data
were carried out using the EEGLAB tool based on the
MATLAB engineering package (Delorne, Makeig, 2004). In
the above-mentioned software components, preprocessing of
the primary data — filtering and ICA analysis — was carried out
in order to remove the present artifactual components
(oculomotor, neck muscle artifacts, etc.). The subjects were
divided into two gender-based groups. With the use of total
EEG recordings, several averaged ERP curves were created,
reflecting the cognitive processes associated with the brain's
response to visual stimulation — event-related potentials.
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The following assumptions form the basis of the ERP
derivation from the original EEG signal: in a situation of
multiple repetition of the event (stimulus presentation) the
EEG signal that is registered is the sum of two coumponents:
spontaneous EEG and event-related potential (i). The
component of spontaneous EEG is distributed accidentally
across a series of consecutive event repetitions (ii). The
component of the potential associated with the event is
constant for all repetitions of the event (iii). Accidental "noise"
from the raw EEG-data is removed by smoothing.
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As a result of the accumulation of the EEG segments
associated with certain events, their preprocessing (filtration,
smoothing, artifactual components removal) and averaging, the
ERPs are obtained, which can be described as a sequence of
amplitude values or as a sequence of oscillations (waves).

ERP morphology is usually described in terms of waves,
oscillations, deflections and shifts — directly observed
changes in potential, and components — components of
ERPs that do not necessarily coincide with a certain wave
or oscillation and can determine the shape of several
consecutive waves (synthetic component).

To identify a wave or component, the following
parameters were used: amplitude characteristics — polarity
(positive or negative deviations denoted as P and N,
respectively), duration, latent period from the beginning of the
deflection or its peak with respect to the moment of stimulus
appearance (i); scalp distribution topography (ii); relation to
the events, its characteristics (iii); task dependence (iv).

The major intergroup trends in the mechanisms
underlying the response generation were revealed using the
permutation statistical approach (p <0.05), with further
application of the Bonferroni correction in order to eliminate
statistical inexactness if any.

Results

The results obtained during the subjects' exposition to
the blurred neutral faces presented amongst negative
facial expressions demonstrated regions of statistically
significant differences both in the early and late ERP
components. The female group demonstrated larger ERP
amplitudes in the frontal cortical area around both at
200 msec (A =2.1 yV, p <0.05) and in the range of 800—
1000 msec (A =4.2 pV, p<0.05) after stimulus onset
(Fig. 2). At the same time, the male group was
characterized by a significantly more pronounced negative
ERP component, emerging at 200 msec latency.
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Fig. 2. Averaged ERP curves for blurred neutral face perception in the frontal (Fz, A), central (Cz, B),
and parietal (Pz, C) areas when presented in a negative context. Point 0 marks the beginning of stimulus demonstration.
The response of the male group is marked with a green line, and the response of the female group is marked with a red line.
The regions of statistically significant difference are marked with grey color (p < 0.05)
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A similar early-component trend was observed in the
central cortical areas for the early 200 msec-ERP component
(A=14pV, p<0.05). Apart from that, the male group
appeared to have a larger amplitude of the P300 ERP
component (A = 1.9 pV, p < 0.05). Lastly, in the central parietal
cortical area, the male group demonstrated a statistically
significant increase of ERP components amplitude both in the
range of 100-150 msec (A=0.7 uV, p<0.05) and 400-
600 msec (A = 3.1 pV, p < 0.05), correspondingly.

In the case of blurred facial expression presentation on
the background of positive emotional context, a slightly
different picture was observed. That is, within the frontal
region of the cortex the latencies of statistically significant
difference included 300 msec (A =0.6 pV, p <0.05) and

800-1000 msec (A =2.0yV, p<0.05) after rare stimulus
was onset (Fig. 3). Notably, the female group demonstrated
enhanced amplitude of the P300 component and delayed
development of positive slow-wave (800—1200 msec). At
the same time, the ERP data obtained from the parietal
EEG-lead was characterized by the regions of statistically
significant differences at the latencies of 200 msec
(A=1.1pV, p<0.05) and 800-1000 msec (A =2.6 uV,
p <0.05), and the female group showed larger ERP
amplitudes in both cases. Alongside with this evidence, the
parietal grand average ERP obtained from the male group
demonstrated enhanced amplitude at 200 msec and
decreased amplitudes at the latency of 400-600 msec
(A =2.3puV, p<0.05) compared to the female group.
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Fig. 3. Averaged ERP curves for blurred neutral face perception in the frontal (Fz, A), central (Cz, B),
and parietal (Pz, C) areas, when presented in a positive context. Point 0 marks the beginning of stimulus demonstration.
The response of the male group is marked with a green line, and the response of the female group is marked with a red line.
The regions of statistically significant difference are marked with grey color (p < 0.05)
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The ERP data obtained during the exposition to negative

of latency, localized in the frontal and central cortical regions

blurred faces presented among neutral images (A=51upvV, p<005 and A=55uVv, p<0.05
demonstrated the areas of statistically significant amplitude correspondingly) (Fig. 4).
increase for the negative component around 800—-1000 msec
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Fig. 4. Averaged ERP curves for blurred negative face perception in the frontal (Fz, A), central (Cz, B),
and parietal (Pz, C) areas, when presented in a neutral context. Point 0 marks the beginning of stimulus demonstration.
The response of the male group is marked with a green line, and the response of the female group is marked with a red line.
The regions of statistically significant difference are marked with grey color (p < 0.05)

Furthermore, in the case of the blurred negative face
presentation, the female group demonstrated larger
amplitudes of N-400 negativity, located in the central and
parietal regions of the cortex (A=1.7 pV, p<0.05 and
A=3.1puV, p<0.05 correspondingly) (Fig.4). Also, the
N-400 assumption might be further supported by the difference
observed at early latencies (around 100 msec), located
within the parietal cortical region (A = 0.9 pV, p < 0.05).
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Lastly, it is important to note that this phenomenon was
not observed when the rare stimuli consisted of positive
blurred faces (Fig. 5). The only areas of the statistically
significant differences were observed in the centro-parietal
areas of the cortex within 600-800 msec after stimulus
onset (LPP), with female group demonstrating larger
amplitudes (A = 4.2 uV, p < 0.05).
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Fig. 5. Averaged ERP curves for blurred positive face perception in the frontal (Fz, A), central (Cz, B),
and parietal (Pz, C) areas, when presented in a neutral context. Point 0 marks the beginning of stimulus
demonstration. The response of the male group is marked with a green line, and the response of the female group
is marked with a red line. The regions of statistically significant difference are marked with grey color (p < 0.05)

Discussion and conclusions

First and foremost, we would like to point out the results
of blurred neutral face perception, when primed with
negative natural images, both in terms of early and late ERP
components (Fig. 2). Speaking of the frontal cortical areas,
generally, the time window between 100 and 200 msec is
now seen as a transitional period between low- and high-
level vision (Caharel et al., 2013). According to the current
data, the negative ERP peak emerging at the latency of
200 msec, corresponds to the development of internal visual
representation of the face (Rossion, 2014), which was more
pronounced for the male group. We can also assume, that
the difference observed in terms of the late positive potential
(800—-1000 msec), might reflect better emotion regulation for
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the female group, as effective emotional reestimation and
intended shift of attention focus reduce the amplitude of the
LPP (Schienle, Unger, Schwab, 2022). As for the central
cortical regions, larger P300 component amplitudes,
observed in the male group, might depict the allocation of
enhanced attention processes driven by rare stimuli
(Marhofer, Bach, Heinrich, 2015). Lastly, we have to
mention the trend observed in the central parietal regions of
the cortex within the male group, which is expressed in
amplitude increase both at the early and medium latencies
after the rare stimus was onset.The ERP positive peak
between 100 msec and 150 msec (P1) is often seen as a
neuronal marker of stimulus detection, traits' assembling, and
discrimination (Bublatzky, Schupp, 2011) when the increased
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N400 amplitude might reflect larger perception fluency and
recollection (Strézak, Leynes, Wojtasinski, 2021).

The general ERP pattern, obtained during the blurred
neutral stimuli presentation in the positive medium (Fig. 3),
displayed the trends observed during negative context-
mediated perception analysis. However, more regions of
statistically significant differences were observed for the late
components of the grand average ERP, all of them
demonstrating the difficulties of rare stimuli discrimination
and recollection, alongside enhanced emotional regulation
characteristics for the female group (Strézak, Leynes,
Wojtasinski, 2021).

As for the reverse mode of presentation, when the
blurred negative faces were presented as rare amongst the
frequent neutral images, the enhanced amplitude of late
negative component within the fronto-central cortical region
(Fig. 4) might reflect that the female group was more inclined
to retrodiction (i. e., infer which emotional expression the
subject was viewing (Kang et al., 2018)).

Lastly, the late positive potential (LPP, 600-800 msec
after stimulus onset) demonstrated the enhanced memory
retrieval processes and perceptual knowledge consolidation
in the female group, when blurred positive faces were onset
(Fig. 4) (Taylor, Shehzad, MacCarthy, 2016). Furthermore,
in the case of the blurred negative face presentation, the
female group demonstrated larger amplitudes of N-400
negativity, located in the central and parietal regions of the
cortex (Fig. 4). This evidence correlates with the modern
view of the N-400 component, which was first discovered as
a marker of linguistic processing, but is currently associated
with morphed face emotion detection and decoding
(Balconi, Pozzoli, 2005). In this case, the N-400 assumption
might be further supported by the difference observed at
early latencies (around 100 msec), located within the
parietal cortical region, which depicts the enhanced external
attention functioning at early stages of morphed negative
stimuli processing in the female group (Hermann et al.,
2004). Notably, no such tendency was observed when the
rare stimuli group consisted of the blurred positive facial
expressions (Fig. 5), which once again emphasizes the vital
importance of accurate threat-reading directly from the facial
cues (Bublatzky, Schupp, 2011).

In sum, we might assume, that participants from the
female group were more prone to decoding and perceiving
the emotion even from the subtle cues, present in the blurred
images. At the same time, the male group demonstrated
more pronounced decoding and recollection processes,
when presented with blurred neutral stimuli. These findings
fall in line with to-date data regarding the gender-specific
differences in face perception strategies and emotional
sensitivity hypothesis (Hoffmann et al., 2010), as women
tend to perform better when processing emotional
expressions, whilst men appear to show more accuracy in
perceiving neutral faces (Skolnick, Bascom, Wilson, 2013).

Consequently, the female group generally tended to
decoding and recollection mechanisms' enhancement when
both positive and negative blurred stimuli were presented in
the neutral context. Additionally, the female group was
characterized by the increase of retrodiction mechanisms'
function, when presented with morphed negative faces. The
male group, on the other hand, demonstrated enhancement
of processes, related to discrimination and recollection, with
accompanying attentional resources involvement and
greater cortical activation at the later stages of stimuli
processing, when blurred neutral stimuli were presented
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amongst emotional face expressions. However, no specific
difference was observed in regards to context valence
(positive or negative), when the participants were presented
with blurred neutral images. This falls in line with to-date
data on the gender-based differences in emotion perception
strategies, as females tend to decode emotion-related cues,
whilst men tend to focus more on neutral stimuli. Thus, the
described regularity might indicate the differences in
neurobiological mechanisms of behavior formation
characteristic for men and women.

Authors' contribution: Mariia Chernykh — conceptualization,
methodology, software, data curation, validation, formal analysis,
writing — original draft preparation; lhor Zyma — conceptualization,
writing — review and editing, supervision.
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CNPUAHATTA BUAO3MIHEHUX OBNNY: AOCNIMKEHHA NOTEHLIANIB,
NOB'A3AHUX 3 NoAl€to, nifa YAC O6POBKU EMOLIMHOIO BUPA3Y

B ¢ Ty n . 3yumyeaHHs eMouiliHux cu2Haisie 3 06/1u4 omoyyr4ux Jirodeli 8aKaembCsl K/IOY08UM eJIeMeHINOoM yCriwHoi coyianbHol e3aeMo0il.
Ymim, Ha cb0200Hi He icHye eduHo20 noansidy Ha 6a3oei NpUHYUNU opaaHi3ayil HelipoMexaHi3mie, eidnoeidanbHux 3a cnpuliHamms o6nuyys, wjo U
obymoesitoe akmyanbHicmb po6omu. Memoto docnidxeHHs1 6yno eudineHHs 6inbw MOHKUX acrekmie crpuliHamMms o6siuY, a MaKoXx MexaHiamie
iXHbOT 06PO6KU Mma dekodyeaHHSI.

M e T o aun. O06'ekmom AocnidxeHHs1 sucmynunu eghekmueHi HelipoHasnbHi Mepexi, o gpopmMyrombcs nid yac 06pob6Kku eMoyio2eHHUX 8i3yallb-
Hux cmumyiiie — nroAdcbKux 0651uY, y iXHbOMYy NPUPOOHOMY eu2/1si0i ma 3a yMoe eHeCeHHs1 KoHgi2ypayiliHux 3MmiH. Y npoyeci docnidxeHHs1 po3mumi
supasu obnuyys 6ynu npedcmassneHi ceped NPUPOOHUX 306paeHb 061u44s1 pi3HOi eMoyiliHoi earreHmHocmi. [1id Yac ekcro3uyii 6yna 3anucaHa
eslekmpoeHyeghanozpama, sika TomiM cmasia 0CHogoro Osis1 Ppo3paxyHKy MoeHUX ycepedHeHUX Kpueux nomeHyianie, noe's3aHux 3 nodiero, 3apeec-
mpoeaHux y npeyeHmpasnbHuUx o651acmsix KOpu 20J108HO20 MO3Ky y 080X 2pynax, eudifieHux 3a cmammio.

Pe3ynbTarTu.llokasaHo, Wo y4yacHUKuU i3 XiHo4ol 2pynu 6ynu 6inbw cxusnbHi o dekodyeaHHs1 ma crnpuliHamms eMoyili, Hagime i3 MOHKuUX
03HaK, Hasi8HUX ¥ pO3Mumux 306paxkeHHsIX. Y moll e 4ac yosiogiya epyna npodeMoHcmpyeana 6inbw supaxeHi npoyecu dekodyeaHHs1 ma npuaa-
0dyeaHHs1, Konu iM nped‘aensnu po3mumi HelimpanbHi cmumysnu.

B 1 cHoOBKW. OmpumaHi pesynsmamu y3200)KylombCsi 3 Cy4aCHUMU OaHUMU w000 2eHAepHUX 8iOMiHHOCcmel y cmp isIx cnpulit
o6n1uy4ss ma 2inome3u eMoyiliHoi Yymmueocmi, OCKiNbKU XiHKU 3a3euyali deMoHcmpyroms 6inbwy ycniwHicms nid yac o6pob6ku eMouiliHux eupa-

3ie, modi sk yosoeiku susiensirome nidsuwWeHy MoYyHicmb y cnpuliHammi HelimpanbHUX o6nuy.

Knw4yoBi cnoBa: enekmpoeHyeganozpagis, nomeHyianu, noe'asaHi 3 nodicro, emouii, cnpuliHamms o6nuyys.
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