
Frontiers in Psychology 01 frontiersin.org

Face perception in the Japanese 
population using EEG
Kensaku Miki 1*, Yasuyuki Takeshima 2, Shoko Watanabe 3 and 
Ryusuke Kakigi 2

1 School of Nursing, University of Human Environments, Obu, Aichi, Japan, 2 Department of Integrative 
Physiology, National Institute for Physiological Sciences, National Institutes of Natural Sciences, 
Okazaki, Aichi, Japan, 3 Higashi Owari National Hospital, National Hospital Organization, Nagoya, 
Aichi, Japan

The face contains abundant information and plays an important role in our interactive 
communication. Electroencephalography (EEG) has excellent temporal resolution, 
making it a useful tool for investigating the time-sequence of face perception 
processes. Studies on development, conducted in Western populations, found 
that event-related potential (ERP) changes in children begin in mid-childhood. 
However, there are few studies on developmental changes in Japanese children. In 
addition, few studies have investigated whether hospitality expertise affects these 
processes in Western and Japanese populations. In this review, we summarize 
evidence from EEG studies that investigated face perception processes, with a focus 
on three developmental and expertise-related studies with Japanese participants. 
These findings are compared with studies involving Western participants to explore 
the influence of cultural and experiential factors on face-related brain responses. 
The face detection pattern in 13-year-old Japanese children is similar to that 
in adults. This suggests that face detection matures at this age in the Japanese 
population, differing from findings in Western populations. In addition, few studies 
have investigated the face emotional change perception process in Western and 
Japanese populations. However, ERP patterns in response to facial emotional 
changes in Japanese children aged 7–14 differs from that in adults. This suggests 
that the process of perceiving facial emotional changes in the Japanese population 
does not fully mature by the age of 14. Moreover, facial emotion perception in 
the Japanese population may be influenced by hospitality expertise. We propose 
the following hypotheses based on this review: (1) the age of maturation for face 
detection and facial emotional change perception processes are different, (2) 
expertise may increase attention to emotion and affect the early stage of the face 
perception process due to training and experience, and (3) the face perception 
process in the Japanese population differs from that in Western populations.
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Introduction

The human face plays a crucial role in social communication, as it conveys a wide range 
of information. We perceive information, such as whether a person is familiar to us, when 
we interact with others. Facial information includes identity, expression, and speech. The 
classic model of the face perception process (Bruce and Young, 1986) suggests that the 
processes of facial identity and expression perception are independent.

A distributed human neural system for face perception, aligning with the classic face 
model, has been suggested (Haxby et al., 2000; Ishai et al., 2005; Ishai, 2008). The classical 
model contains two visual pathways related to facial information analysis (Haxby et al., 2000). 
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One pathway is related to facial changeable information, such as 
expression, gaze, and lip movement, and involves the superior 
temporal sulcus (STS), whereas the other is related to facial changeless 
information, such as facial identity, and involves the lateral fusiform 
gyrus (Calder and Young, 2005).

Non-invasive human brain measuring methods, such as 
functional magnetic resonance image and magnetoencephalography, 
are useful for investigating human brain function. There have been 
many studies using these methods to examine face 
perception processes.

Electroencephalography (EEG), with its excellent temporal 
resolution, is useful for investigating the time-sequence of face 
perception processes. In previous EEG studies on normal adults, a 
negative component was evoked approximately 170 ms after 
presentation of a face at each electrode in the right and left temporal 
areas, especially the right, which was termed N170 (George et al., 
1996; Bentin et al., 1996). The amplitude of N170 for a face is larger 
than that for an inanimate object, such as a car or chair (Rossion and 
Jacques, 2008); therefore, N170 is thought to be  related to face 
perception. In addition, the latency of N170 for eyes is longer than that 
for a face (Bentin et al., 1996, Taylor et al., 2001a, b, Shibata et al., 2002, 
Itier et al., 2006, 2007, 2011, Kloth et al., 2013, Nemrodov et al., 2014, 
Nemrodov and Itier, 2011); therefore, it is related to the process of 
quickly detecting a face.

A previous psychological study (Farah et al., 1995) suggested that 
it is more difficult to detect an inverted face than an upright face. This 
phenomenon is termed the “face inversion effect.” Previous studies 
reported that N170 is longer for an inverted face than an upright face 
(Rossion et al., 1999, 2000; Itier and Taylor, 2002; Sadeh and Yovel, 
2010). As the face perception process is effective for detecting an 
upright face in adults, N170 serves as a biomarker of mature 
face perception.

In EEG studies of visual perception, a positive component begins 
90–120 ms at the right and left occipital areas after the presentation of 
various visual stimuli (Bentin et al., 1996; Allison et al., 1999), which 
is termed P100. P100 is thought to be related to the early processing 
of visual perception. It is sensitive to luminance, luminance contrast, 
and size stimuli but not to the category of the stimulus (Allison et al., 
1999). In addition, P100 is affected by visual attention (Mangun, 1995; 
Hillyard et al., 1998).

P100 is also related to face perception, and is modulated by 
information of the face, such as gender, ethnicity, and emotion. 
Dennis et al. (2009) reported that P100 latency is shorter for a fearful 
face than for a sad face. Moreover, P100 emotion and face effects  
are strongly influenced by low-level information (Schindler 
et al., 2021).

A positive component that begins 300–500 ms after a presented 
stimulus at the parietal areas evoked by selective attention is termed 
P300 (P3). In the oddball task, participants count how often target 
stimuli appear among standard stimuli. The target stimuli induce P300 
(Jeon and Polich, 2001). In previous studies, attention to angry or 
fearful faces increases P300 amplitude (Rossignol et al., 2005; Kiss and 
Eimer, 2008; Lin et al., 2020).

In this review, we summarize evidence from EEG studies that 
investigated face perception processes, with a focus on three 
developmental and expertise-related studies with Japanese participants 
(Miki et al., 2011, 2015, 2022). These findings are compared with 
studies from Western participants to explore possible cultural and 

experiential influences on face-related brain responses. In this review, 
we cited studies retrieved from PubMed using the keywords ‘face,’ 
‘EEG,’ ‘N170,’ ‘P100,’ ‘development,’ and ‘expertise.’ Studies were 
included based on the following criteria: published in English and 
full-text availability. Herein, we discuss the effect of face perception 
processes with development and expertise for the Japanese population 
compared with Western populations.

Face perception in typically 
developing Japanese children

Many previous studies investigated developmental changes in face 
perception processes for infants (Taylor et al., 2004; Melinder et al., 
2010; Peykarjou and Hoehl, 2013; Xie et al., 2019; Safar and Moulson, 
2020) and children (Meaux et al., 2014; Batty and Taylor, 2006; 
Vlamings et al., 2010; Kamps et al., 2022). These studies used EEG 
because it allows for relatively unrestricted body movements 
during recording.

An EEG study that focused on N170 changes with development 
in children found that inversion produced latency and amplitude 
effects on N170 starting in mid-childhood (Taylor et al., 2004). In 
addition, infant studies of face perception reported that a component 
termed N290, corresponding to adult N170, was seen in posterior 
electrodes within 290–350 ms after face stimulus onset in 
3–12-month-old children (de Haan et al., 2003; Halit et al., 2003). 
N290 showed increased sensitivity to faces compared with other kinds 
of visual stimuli (Halit et al., 2003), and its amplitude was modulated 
by the face inversion effect in infants (Halit et al., 2003; Peykarjou and 
Hoehl, 2013).

Few EEG studies have examined the changes in face perception in 
typically developing Japanese children, compared with many studies 
in typically developing Western children. We previously investigated 
N170 changes related to the face detection process in typically 
developing Japanese children (Miki et al., 2015). Our study focused 
on the process of detecting an upright face faster than an inverted face 
and eyes. We investigated 82 typically developing Japanese children, 
who were divided into six age groups: 8-year-olds (n = 11), 9-year-olds 
(n = 17), 10-year-olds (n = 15), 11-year-olds (n = 12), 12-year-olds 
(n = 10), and 13-year-olds (n = 17). Three stimuli were presented to 
the participants: (1) upright face: upright images of a neutral face, (2) 
inverted face: inverted images of an upright face, and (3) eyes: eyes 
alone. Event-related potentials (ERPs) were obtained by averaging 
EEG signals across trials. EEG electrodes were placed at Fz, Cz, T3, 
T4, C3, C4, Pz, P3, P4, T5, T6, O1, and O2 as well as T5’ (2 cm below 
T5) and T6’ (2 cm below T6), according to the international 10–20 
system. The reference electrode was placed on the tip of the nose. For 
the ERP analysis, the time window for the analysis ran from 100 ms 
before to 400 ms after stimulus onset, and the data obtained during 
the 100 ms before stimulus onset were used as the baseline. For artifact 
rejection, epochs in which the variations in the EEG and 
electrooculogram (EOG) signals were larger than ± 80 μV were 
automatically excluded from the online averaging.

N170 peak latency significantly decreased with age and was the 
shortest for the 13-year-old children with significant differences 
among all three stimulus conditions. N170 peak latency was the 
shortest for the upright face and the longest for the eyes, which 
differed from the 8–12-year-old children. This study of typically 
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developing Japanese children demonstrates that the N170 pattern 
resembles the adult form by age 13. This suggests that the process of 
face detection matures at 13 years old in the Japanese population.

Emotion is a type of facial information that is important in social 
interaction. In particular, facial changes reflect changes in emotion 
and sympathy. Several ERP studies on the facial emotional perception 
process in face perception used static faces. In adults, N170 is 
modulated by positive and/or negative emotions (Hinojosa et  al., 
2015). There have also been several studies on ERP changes related to 
the facial emotional perception process as the child develops. In a 
previous study of children, the adult pattern of N170 related to 
emotions was only observed from the age of 14–15 years old (Batty 
and Taylor, 2006).

In infants, N290 for fearful faces was significantly smaller (less 
negative) than that for happy faces in 3-month-old infants (Safar and 
Moulson, 2020), and N290 was significantly larger for fearful faces 
than for angry faces in 7-month-old infants (Hoehl and Striano, 2008). 
On the other hand, a study of 7-month-old infants did not find that 
emotion had an effect (Leppänen et al., 2007).

These ERP studies on facial emotion perception processes used 
static faces; however, few ERP studies have examined facial 
emotional changes. We hypothesized that facial emotional change 
stimuli may also be  important in the distributed human neural 
system for face perception (Haxby et al., 2000); thus, we investigated 
the facial emotional perception process instead of static face. 
We investigated ERP changes related to the facial emotional changes 
perception process in face perception using facial emotional 
changes in typically developing Japanese children (Miki et  al., 
2011). The study included 68 typically developing Japanese children 
consisting of 39 younger children (23 females, 16 males; 7–10 years 
old) and 29 older children (10 females, 19 males; 11–14 years old), 
and 12 typically developed Japanese adults (6 females, 6 males; 
23–33 years old). We presented the following four conditions where 
the first stimulus (S1) was replaced by a second stimulus (S2) with 
no inter-stimulus interval. Participants perceived each of the 
following emotional changes: (1) from neutral face to happy face 
(N-H): appearance of positive emotion, (2) from happy face to 
neutral face (H-N): disappearance of positive emotion, (3) from 
neutral face to angry face (N-A): appearance of negative emotion, 
and (4) from angry face to neutral face (A-N): disappearance of 
negative emotion. ERPs were recorded by averaging EEG signals 
across trials. EEG electrodes were placed at FCz, F3, F4, Fz, C3, C4, 
Cz, T3, T4, T5, T6, P3, P4, Pz, O1, and O2 as well as T5’ (2 cm 
below T5) and T6’ (2 cm below T6), according to the 10% extension 
of the international 10–20 system. The reference electrode was 
placed at the tip of the nose, far from the temporal area. The time 
frame of averaging was from 100 ms before and 500 ms after S2 
onset, with 100 ms before S2 onset used as the baseline. Epochs in 
which signal variations of EEG and EOG were larger than ± 100 μV 
were excluded from the averaging.

A negative component within 150–300 ms after each facial 
emotion change was evoked by all conditions for all groups at T5 (left), 
T5’ (2 cm below T5), T6 (right), and T6’ (2 cm below T6) electrodes 
in the left and right temporal areas. The peak latency and maximum 
amplitude for the adult group were significantly lower than those for 
the younger and older children groups. On the other hand, peak 
latency or maximum amplitude were not significantly different 
between the younger and older children.

In the younger children, the maximum amplitude of the negative 
component for N-H and N-A (appearance of each emotion) was 
significantly larger than those for H-N and A-N (disappearance of 
each emotion) in the right and left temporal area. On the other hand, 
in adults, the maximum amplitude of the negative component for N-H 
(appearance of positive emotion) was significantly larger than that for 
the other three conditions in the right temporal area. This pattern 
differed from that of younger and older children.

We found that the ERP pattern by facial emotional changes in 
7–14-year-old children was different from that in adults for Japanese 
participants. This suggests that the facial emotional change perception 
process in face perception has not matured by age 14  in the 
Japanese population.

In our two studies on ERP changes in face perception during 
development for Japanese participants, we  hypothesized that the 
differing developmental patterns between face detection and facial 
emotional perception processes may be attributed to variations in the 
processing mechanisms associated with the two visual pathways for 
facial information within the model of the distributed human neural 
system for face perception (Haxby et al., 2000). Thus, we proposed 
the following hypothesis: the brain areas related to the process of 
facial changeless information, which involves the fusiform gyrus, are 
mature by age 13 in the Japanese population, whereas the brain areas 
related to the process of facial changeable information, which 
involves the superior temporal sulcus, are not mature by age 14 in the 
Japanese population (Figure 1).

Our two previous studies on developmental ERP changes related 
to face detection and facial emotional change perception for the 
Japanese population found that the maturation of these processes was 
independent of each other and differed from the patterns reported in 
studies of Western populations.

On the other hand, the age at which P300 matures in relation to 
face detection and emotional change perception during development 
in the Japanese population remains unclear. Future studies are needed 
to investigate the maturation of P300 evoked by face detection and 
emotional changes in Western and Japanese populations.

Face perception by hospitality 
expertise in the Japanese population

Regarding our previous studies on the changes of face perception 
processes, we hypothesized that the ERPs related to face perception 
are affected by expertise. The Japanese population is considered to 
be  good at hospitality compared with Western populations. The 
expression of Japanese hospitality is known as “OMOTENASHI.” 
Workers at Japanese hot spring spa inns are considered experienced 
and trained OMOTENASHI experts. Such workers are expected to 
observe guests carefully and respond to their state of mind.

In our study, we  investigated whether ERPs related to facial 
emotion perception are affected by OMOTENASHI in Japanese 
participants (Miki et al., 2022). Forty Japanese females were divided 
into two groups: an OMOTENASHI (n = 21) group that consisted of 
workers at hot spring spa inns in Gamagori city, Aichi Prefecture, 
Japan, a well-known hot spring spa area; and a CONTROL (n = 19) 
group that had no experience in the hospitality, service, medical, or 
education fields. Three stimuli were presented to the participants: (1) 
Neutral: neutral face stimuli, (2) Happy: happy face stimuli, and (3) 
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FIGURE 2

Summary of the two visual pathways for facial information modulated by hospitality expertise in the Japanese population.

Angry: angry face stimuli. ERPs were recorded by averaging EEG. EEG 
electrodes were placed at Fz, Cz, T5, T6, Pz, O1, and O2 as well as T5’ 
(2 cm below T5) and T6’ (2 cm below T6), according to the 
international 10–20 system. The reference electrode was placed on the 
tip of the nose. The time frame of averaging was from 100 ms before 
and 400 ms after stimulus onset, with 100 ms before stimulus onset 
used as the baseline. Epochs in which signal variations of EEG and 
EOG were larger than ± 150 μV were excluded from the averaging.

The peak latency of P100 was not significantly different between 
the groups for each facial emotion stimulus; however, the maximum 
amplitude of P100 was significantly larger in the OMOTENASHI 
group than in the CONTROL group. In addition, the maximum 
amplitudes of P100 for neutral face at the right occipital area and 
angry face at the right and left occipital areas were significantly larger 

in the OMOTENASHI group than in the CONTROL group. On the 
other hand, there were no significant differences in the peak latency 
and maximum amplitude of N170 between the OMOTENASHI group 
and CONTROL group for each stimulus.

Facial emotion perception may be affected by hospitality expertise 
in the Japanese population. We  speculated that the training and 
experience involved in hospitality influence the early stages of the face 
perception process, such as the activity of the occipital area related to 
the early stage of the face perception process, in the Japanese 
population (Figure 2), which is due to automatic or subconscious 
attention to facial expressions. However, it is unclear whether the two 
visual pathways for facial information in the model of the distributed 
human neural system for face perception are influenced by hospitality 
expertise in the Japanese population (Figure 2). Therefore, studies 

FIGURE 1

Summary of the two visual pathways for facial information that mature with development in the Japanese population.
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related to the modulation of the two visual pathways for facial 
information in the Japanese population are needed.

Conclusion

This review suggests the following responses to our starting 
hypotheses: (1) the age of maturation for face detection and facial 
emotional change perception processes are different in the Japanese 
population, (2) hospitality expertise due to training and experience 
may increase attention to emotion and affect the early stage of the 
face perception process in the Japanese population, and (3) the face 
perception process in the Japanese population differs from that in 
Western populations.
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