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EEG DYNAMICS DURING EMOTIONAL FACE PERCEPTION
UNDER THE VARIABLE PRESENTATION TIME: AN ERP STUDY

The face is one of the most significant elements of non-verbal communication, which allows humans to quickly get various
types of information about a specific person. Therefore, understanding facial expressions is crucial for normal social interaction,
as it lets us determine the emotional states and intentions of other people. The purpose of this study was to investigate the influence
of the time factor on the happy and fearful facial expression processing, reflected in the structure and components of event-related
potentials (ERPs). Accordingly, two parallel examinations were conducted with stimulus presentation periods of 500 ms and 100 ms. For
the obtained data, two separate analyses (for happy and fearful faces) of the averaged ERP curves corresponding to different
stimulus exposure periods were executed. The initial stages of processing (EPN, P3) demonstrated that the difference in the
structure and amplitude characteristics of the ERP curve was not that significant, but it demonstrated an increase in attentional
resources involvement and a strengthening of the primary emotional analysis. Later ERP components (N400, LPP) showed a more
compelling difference, that reflected the complexity of semantic decoding, subsequent conscious evaluation, and processes
related to decision-making. Thus, reducing the time of image display from 500 ms to 100 ms created the expected difficulties for
the perception and processing of emotional facial expressions and was not sufficient for the normal course of these processes.
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Introduction. The face is one of the most significant
elements of nonverbal communication for human social
interactions, that allows the rapid acquisition of various
featuresof a specific person (age, gender, race, etc.) and the
environment (for example, a frightened facial expression
warns others of potential danger). Also, understanding facial
expressions is crucial for determining the psycho-emotional
states and intentions of other people. Therefore, the
exchange of such social cues is important for the
implementation of almost all life aspects [1]. Since the
processing of emotional stimuli tends to be relatively fast
and dynamic, the method of event-related potentials (ERPs)
is one of the best options for studying these processes.

ERPs reflect bioelectrical activity in response to a certain
event (sensory, motor, cognitive), which is the total
activation of excitatory and inhibitory postsynaptic potentials
generated by large populations of neurons. They are
determined by averaging a certain number of segments of
EEG data recorded with synchronization to a specific
stimulus or event presentation. This method provides the
best temporal resolution, but it lacks precision in terms of
spatial characteristics [2].

Several parameters are distinguished in the ERP
curve: latency (time indicator of the response appearance
after exposure to a stimulus), amplitude (magnitude of
voltage change), polarity (positive or negative), and
topographic distribution over the scalp (for example,
frontal, occipital). This activity is identified and named
due to its polarity, approximate latency, topography
(P300, early posterior negativity), as well as functional
value (error-related negativity) [3].

Early posterior negativity (EPN) occurs within 250-350 ms,
reaching its maximum in the occipital cortical regions. EPNs
are usually associated with mechanisms of attention and
emotional processing [4]. Thus, the influence of emotional
facial expressions compared to neutral ones on the EPN
modulation was demonstrated [5].

P300 (or P3) is a positive component of the ERP curve,
which occurs approximately 300 ms after the presentation
of the stimulus and can be registered in all areas of the
cerebral cortex. It is usually recorded during task
performance (for example, the oddball paradigm) in which
frequent (standard) and rare (target) stimuli are presented,
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with larger amplitude values generated in response to the
latter [6]. It can also be divided into two separate
components — P3a and P3b. The first usually has a
frontocentral localization and is an indicator of attention
distribution. The second is characterized by a parietal-
temporal distribution and is associated with memory-
related processes [7].

The N400 (or N400-like activity) usually has a centro-
parietal localization, reaching its peak around 400 ms.
Originally described in linguistic research in the context of
match/mismatch, it has also been found in paradigms that
used faces as stimulus material. It is considered an index of
general semantic evaluation [8].

The late positive potential (LPP) occurs in the time
interval of 300—700 ms after the stimulus onset. In general,
theamplitude increase effect was demonstrated for
emotional stimuli (pleasant and unpleasant) compared to
neutral ones [9]. In particular, this was observed for images
of facial expressions (for example, happy and scared) [10].
However, some studies did not confirm similar effects on
LPP amplitude values [11].

The purpose of this study was to investigate and assess
the influence of the presentation time factor on the
processing of happy and scared facial expressions,
reflected in the structure and corresponding components of
the ERP curve. Therefore, two separate examinations were
conducted with different stimulus presentation periods:
1)500 ms - often used and sufficient for normal
discrimination and processing of facial expressions;
2) 100 ms — common exposure time reduced by five times.

Materials and Methods. 20 healthy volunteer
subjects (10 men and 10 women;) aged 18 to 25 years
participated in this study. EEG data recording was carried
out using the hardware and software complex
"Neurocom" (Kharkiv Aerospace Institute, Kharkiv,
Ukraine). Electrodes were placed on the scalp according
to the "10-20 %" international system.

The experimental structure was designed as follows: a
resting state recording with eyes closed (3 min), a resting
state recording with eyes open (3 min), and the presentation
of two series of images (10 min each), during which the
recording of cognitive ERPs was performed. The first series
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consisted of neutral and positive facial expressions, while
the second series included neutral and negative stimuli.

The stimuli were selected from KDEF (Karolinska
Directed Emotional Faces) [12] and FACES [13]
databases. Valence-neutral photographs of human faces
were selected as frequent stimuli, while positively- and
negatively-valenced images (pictures of happy and fearful
faces, respectively) were selected as rare stimuli. Passive
oddball was chosen as a paradigm. The participants were
instructed to "look carefully at the screen and perceive
images of people's faces". Averaged ERP curves were
constructed based on reactions to rare stimuli (emotional
facial expressions), and frequent stimuli served to create a
neutral context for a better understanding of the
demonstrated emotional stimuli.

Rare stimuli were displayed in a random pattern with a
probability of 30 % (tracking period — 3 s. + 30 %, number
of stimuli in one series — 100). The examinees were divided
into two equal groups (10/10). In the first demonstration
series of the stimulus material, the exposure periodwas
500 ms (4 men, 6 women; group 1), while in the second —
100 ms (6 men, 4 women; group 2). Processing of the
obtained data was performed using the EEGLAB software
package based on the MATLAB environment. Segments of
150 ms before and 1000 ms after stimulus onset were
selected for analysis. Filtering (0.1 — 30 Hz), detection and
rejection of artifact components, ICA analysis, and
subsequent visualization of the obtained averaged ERP
curves were performed.

Two statistical comparisons were performed: the first
was between the averaged ERP curves corresponding to
the presentation of 100 ms and 500 ms stimuli for rare
positive stimuli; the second involved rare negative stimuli,
respectively. The FDR criterion was used to identify areas
with statistically significant amplitude differences (p < 0.05).

Results and Discussion. Comparison of responses to
different valenced stimuli (happy and fearful facial
expressions) of different presentation periods generally
demonstrated a difference in the ERP structure and
component amplitude values. A stimulus presentation time
of 500 ms is widely used in research with emotional
material and is quite sufficient for normal perception and
cognitive processing. In contrast, reducing the display time
to 100 ms created difficulties (lack of time) for these
processes, which is reflected in the ERP structure
differences mentioned above.

When the stimuli were exposed for 500 ms (group 1), in
the time interval of 200-350 ms, positive components of the
ERP appeared generally all over the scalp, with maximum
values (Fig. 1) in the frontocentral cortical areas
(Fz/Cz = +4.7 uV). Within these latencies (250-330 ms), a
negative component also arose, reaching its maximum in
the occipital regions (O1=-6.5uV for happy faces).
Therefore, taking into account the temporal-occipital
distribution (Fig. 2) and the latent period of the component,
it is quite possible to assume that this wave corresponds to
early posterior negativity (EPN).
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It is known that EPN is a negative wave that occurs
within 250-350 ms and has a temporal-occipital distribution
[4]. This component is not always associated with a specific
peak, and sometimes is defined as a decrease in amplitude
within a certain time interval [14]. In our studies, EPN
enhancement was demonstrated for both fearful and happy
facial expressions compared to neutral ones. Therefore, it
can be assumed that this component reflects the
enhancement of emotional processing localized in the
occipitotemporal areas (possibly including the superior
temporal sulcus, occipital and fusiform gyri) [15]. However,
such an EPN effect was also observed while displaying
images of complex visual scenes and words [16]. This
evidence gives reason to consider this component as one of
the indices of general (non-specific) processing of emotions,
which can reflect the use of attentional resources concerning
visual stimuli (including emotional information integration
and attention direction) [17].

Initially, the positive activity described above appears in
the occipital areas, reaching its peak magnitude around
245 ms. In some studies, within the specified latencies, the
P250 component  (modulated by emotional facial
expressions) is distinguished, which has a parieto-occipital
(sometimes occipitotemporal) distribution [18] and a separate
early frontocentral P3, or is indicated in general as an early
P3 (P3a) [19]. Considering also the occurrence of EPN in this
interval, it is quite difficult to distinguish these two components
separately. In addition, in the studyby Schupp et al. [17], EPN
was described as a negative deviation in the temporal-
occipital areas and a corresponding change in polarity in the
frontocentral regions.

P3a itself reaches its maximum in the mid-frontocentral
areas and is considered a marker of directed attention [20].
Pieces of evidence of attentional redistribution have been
associated with the detection of feature changes for rare
stimuli; a greater discrepancy to standard stimuli will
correspond to an increase in amplitude [6]. Given the above,
activity in the time interval of 200-350 ms may correspond
to the direction and use of attentional resources for rare (and
at the same time motivationally important stimuli) to facilitate
further stages of processing, as well as the initial stage of
emotional determination of the stimulus.

In the case of the 100 ms presentation period (group 2),
in the time interval of 200-350 ms similar ERP pattern was
observed. Positive components were also most pronounced
in the mid-frontocentral areas (Cz =5 puV). In general,
withinthe two groups, the difference between the amplitude
value did not exceed 1 pV or was equal. In group 2, the EPN
had a similar localization, reaching its maximum in the
occipital areas (Fig.2), demonstrating an increase in
amplitude compared to group 1 (so the largest difference
was 2.8 uV in the O2 lead for fearful faces perception). In
this case, the increase in amplitude characteristics can be
explained by an increase in attentional resources for
stimulus processing and an enhancement of emotional
processing. However, no statistically significant differences
were found within 200—-350 ms latency.
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Fig. 1. Averaged ERP curves for fearful face perception in the left frontal area (A)
and for happy face perception in the right frontal area (B), when presented in a neutral context.
The response of group 1 is marked with a dotted black line, and the response of group 2 is marked with a grey line.
Theregions of statistically significant difference are marked with black color (p < 0.05)

found in the occipital areas (02 = -11.2 pV, happy faces).
Also, the largest difference for this component was
observed in the occipital zones (3-5pV in two
comparisons). However, it should be noted that when
comparing data from the parietal and occipital areas of two

The ERP data of group 1 demonstrated the appearance
of the negative component N 400, which reached its peak
at 400 ms latency and was observed generally over the
cortex. The largest amplitude values were registered in the
occipital (02 =-7.9 pV, happy faces) and parietal (-5 pV)

zones (Figs. 2 and 3). For group 2, the N 400 was most
pronounced in the occipital, parietal, and posterior
temporal regions. The highest amplitude values were
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subject groups, the first group demonstratedthe maximum
amplitude values within 400 ms, while group 2 reached the
peak values at about 500 ms (Fig. 3).
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Fig. 2. Averaged ERP curves for happy face perception in the left occipital area (A)
and for fearful face perception in the right occipital area (B), when presented in a neutral context.
The response of group 1 is marked with a dotted black line, and the response of group 2 is marked with a grey line.
Theregions of statistically significant difference are marked with black color (p < 0.05)

It is considered [8] that N40O is a general index of
semantic search in available conceptual knowledge related
to any meaningful stimulus. This search depends on
already stored representations and received search
signals created by the previous context. Thus, an increase
in amplitude will correspond to an increase in semantic
processing [21]. Taking this into account, the increase in
N400 amplitude values in occipital areas during 100 ms
stimulipresentation may correspond to the difficulties of
obtaining the meaning of emotions in the created neutral
context. It may also imply the recruitment of additional
semantic information to compensate for the short duration
of the stimulus presentation. In addition, 500 ms
presentation is apparently a sufficient time interval for
normal perception and discrimination of emotional stimuli,
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that is, it allows to involve a larger number of areas for
semantic decoding and evaluation of information.

Next, in the time interval of 400—-800 ms, a late positive
potential (LPP) appeared in group 1, with maximum
amplitude values (Fig. 1) in the frontocentral areas
(Fz=3.5uV — happy faces). It is believed [9] that LPP
characteristics are significantly affected by the emotional
aspect of stimuli. Therefore, emotional stimuli cause an
increase in amplitude values compared to neutral ones (for
example, facial expressions, images of complex scenes,
and gestures). It has been hypothesized that the LPP
reflects the processing of emotion-eliciting stimuli, including
conscious appraisal, enhancedworking memory encoding,
and decision-making processes [17].
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Fig. 3. Averaged ERP curves for happy face perception in the left parietal area (A)
and for fearful face perception in the right parietal area (B), when presented in a neutral context.
The response of group 1 is marked with a dotted black line, and the response of group 2 is marked with a grey line.
Theregions of statistically significant difference are marked with black color (p < 0.05)

It can be seen that for group 2, the LPP lasts within 350—
700 ms and reaches the maximum amplitude values (Fig. 1)
in the frontal areas (F3 = 4.6 pV — fearful faces). Overall, the
two comparisons showed higher LPP amplitude values for
group 2, especially for fearful faces. Although LPP is usually
described in the context of parieto-occipital localization, the
importance of the prefrontal cortex in the generation of this
component has also been demonstrated [22]. For example,
areas of the ventrolateral and dorsomedial prefrontal cortex
are associated with executive functions that reflect the
processes of obtaining relevant knowledge about the stimulus
and choosing among competing interpretations [23].
In general, in subjects of group 2, this component
appeared earlier and lasted less than in group 1. The
dependence of LPP time frames on the duration of stimulus
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presentation was also described in some studies: it can be
expressed during the entire period of the stimulus
presentation and several hundred milliseconds after [9].
Also, at the beginning of this component, in several cortical
areas (F7, F3, F4, Fz, F8, C3, C4, Cz, T3, T4), statistically
significant differences were found in the interval of 350-400
ms only for fearful faces. In these scalp areas, a positive
peak occurred within the indicated latency (Fig. 1), while for
group 1, N400 activity was observed (semantic analysis).
Other statistically significant differences were found
between 700-800 ms for fearful (Fp1, Fp2, F3, F4, Fz, F8,
Cz, C4) and happy facial expressions (F7, F3, Fz, F4, C3,
Cz, C4, T3). Similar differences were found in two
comparisons in occipital regions within 650-900 ms (Fig. 1).
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Conclusions

Thus, reducing the image presentation time from 500 ms
to 100 ms created the expected difficulties for the perception
and processing of emotional facial expressions (500 ms vs
100 ms) andthe 100 ms period is not sufficient for the normal
course of these processes. At the initial stages of ERP
(EPN, P3), the difference in the structure and amplitude
characteristics was not so noticeable, but it demonstrates an
increase in attentional resources and an increase in primary
emotional processing. Later stages (N400, LPP) showed a
more pronounced difference, which was manifested in the
complexity of semantic decoding, subsequent conscious
evaluation, and processes related to decision-making.
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~16 ~ B 1 C H U K Kuiscbkoro HauioHanbHoro yHisepcurety imeni Tapaca LleBueHka

A. Cy6iH, maricTp,

M. YepHux, acn.,

I. 3uma, A-p Gion. Hayk

HHU "IHcTuTyT Gionorii",

KuiBcbkui HauioHanbHUI yHiBepcuTeT imeHi Tapaca LLeByeHka, KuiB, YkpaiHa

OWHAMIKA EET Mg YAC CNPUNHATTA EMOLI,IVIHVI).(. BUPA3IB OBJINY
3A PIBHOIO YACY OEMOHCTPALIII:
AOCHNIMKEHHA NOTEHUIANIB, MOB'A3AHUX I3 MOAIAMU

06nu44s € 00HUM i3 Hali3HaYyHiwux enemeHmie HeaepbanbHOI KOMyHikayil, sikuli do3eosisie weudko ompumamu pisHoMaHimHi munu iHgpopmay,ii
npo KoHKpemHy ocoby. ToMy po3ymiHHSI eupa3ie 0b6nuYy4si Ma€ eupiwanbHe 3Ha4eHHs1 0511 HOpManbHOI coyianbHoi 83aemModii, ockinbku do3eosnsie
eu3Hayamu emMoUyiliHi cmaHu ma Hamipu iHwux ntodeli. Memoto ybo2o docnidxeHHs1 6yn0 eusYyeHHs1 ennuesy ¢hakmopy Yacy Ha rnpoyec o6pobku
wacnueux i HansikaHux eupasie o6nuy. Leli ennue eidob6paxxeHuli y cmpykmypi ma eidnoeiOHuUx nokasHukax nomeHuyiasnie, noe'asaHux i3 nodismu
(). Ans ybo2o 6yno nposedeHo dea napasnesibHi o6cmexeHHs1 i3 4acom demMoHcmpauii cmumynie 500 mc ma 100 mc. [inss ompumaHux 0aHuUXx
6yno 30ilicHeHo Aea oKpemux rMopieHsAHHSA (Ona wacnueux i Ans HansikaHux o6nu4) ycepedHeHux kpueux I Mix pi3HUM Yacom ekcrno3uyii cmu-
mynie. [loyamkoei emanu 06po6ku (EPN, P3) demoHcmpyromb, wo 8ioMiHHicmb y cmpykmypi ma amnnimydHux xapakmepucmuk 1111 He € Hacmi-
JNIbKU nMomimHoro, npome eKa3ye Ha 36iNbweHHs1 pecypcie yea2u ma rnocusieHHs1 NepeuHHo20 eMouyiliHo2o aHanisy. MisHiwi x emanu (N400, LPP)
niomeepdxyromsb 3Ha4HiWy pi3HUUI, WO eUsIBIIEMbCS Y CKIadHOWax ceMaHmMu4yHo20 0ekodyeaHHsl, modasnbuwoi ceidomMoi oyiHKu ma npoyecax,
noe's3aHux i3 npuliHAMmMsM piweHb. TakuM YUHOM, CKOPOYEHHs1 Yacy deMoHcmpauyii 306paxeHb 8id 500 do 100 Mmc cmeoptoe oyikyeaHi mpyOdHow,i
ons cnpuliHamms i 06po6ku eMoyiliHux eupa3sie o61uy ma He € docmamHim A1n1s1 HopmasnbHo20 nepebiay yux npoyecie.

Knrouoei cnoea: IIMIM; EPN; P3; N400; LPP.
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