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Abstract

Past research has found that several brain event-related potentials (ERPS) are sensitive to the
perception of ethnic differences displayed in human faces. This body of research suggests that race
perception involves a cascade of cognitive processes that includes both automatic vigilance and
familiarity processes, and overt attentional mechanisms. However, most of these studies used
stimuli depicting whole faces rather than stimuli depicting separate facial features. Therefore, it is
still largely unknown if ERP responses to racial differences rely on a holistic processing of the
whole face, or whether they can be accounted for by the perception of single facial features. We
examined whether the eyes region can provide sufficient information to trigger known ERP
correlates of race perception such as the P2, the N400 and the Late Positive Complex (LPC).
Specifically, we showed pictures depicting only the eyes region of Caucasian and Asian individuals
to a sample of Asian participants living in an Asian country. We found that both the P2 and N400,
but not the LPC were modulated by racial differences. The effects on the P2 may suggest an
enhanced vigilance response to Other-Race eyes whereas the N400 effect could reflect a signal of
familiarity triggered by Same-Race eyes. These results indicate that a specific facial feature, the
eyes region, can account for known effects of race perception on early brain potentials. Our findings
also indicate that well-known early neural correlates of race perception can be triggered in the

absence of a holistic processing of the whole face.
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Introduction

In the last two decades, significant progress has been achieved in understanding the neural
mechanisms underlying the ability to perceive ethnic differences [1]. In particular, many studies
using the event-related potentials (ERP) method have unveiled results suggesting that attentional
and familiarity processes triggered by facial information plays an important role in race perception
[2,3]. In this line of research, three ERP components have notably been associated to the perception
of ethnic facial differences: The P2, the Late Positive Complex (LPC) and the N400 [4-6].

The association between the P2 and race perception was established by the finding that its
amplitude tends to be larger for "Other-Race” (OR) compared to "Same-Race" (SR) facial stimuli
[4-9]. The P2 is an early positivity occurring approximately between 100 and 250 ms post-stimulus
onset, which can be observed both on frontal and posterior sites and it is often associated with a
rapid and automatic allocation of attentional resources [10-12]. Its modulation by race perception
has been interpreted as an initial vigilance response to outgroup (other-race) targets [2]. This
interpretation is consistent with the well-known modulation of the P2 by stimuli that can convey
threat-related information [10,11]. Further, many studies have found that a late positive deflection
that typically peaks after 300 ms in posterior sites tends to be more positive for OR compared to SR
faces [3-5,8]. This ERP has been labeled as a P300, or as a “late positive potential” (LPP) or “late
positive complex"” (LPC). The LPC is often seen as a neural marker of overt selective attention
towards a specific stimulus or task [13-15]. In addition, Willadsen-Jensen and Ito [5] found that the
N400, a mid-latency negativity peaking approximately between 300 and 400, was larger for SR
compared to OR faces. The N400, which can be observed in centro-parietal or frontal sites, has
been linked to the semantic processing of verbal materials [16] or to a signal of familiarity when
face stimuli are used [17]. Interestingly, evidence suggests that the N40O reflects a relatively
automatic signal of memory recognition [17]. Consistent with this literature, Willadsen-Jensen and

Ito [5] interpreted their N40O effects as a manifestation of an effect of familiarity. Overall, the
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results reviewed above indicate that perceiving race-related information from faces is potentially
associated to a diverse set of neural processes. Specifically, these studies have found that neural
signals known to reflect early vigilance processes (e.g. the P2), overt attentional discrimination (the
LPC) and familiarity processes (the N400) were associated with the perception of racial differences
from face stimuli.

However, it remains unclear whether ERPs related to race perception are dependent or at
least influenced by whole-face processing, rather than driven by specific facial features carrying
race-related information. This issue is compounded by the fact that most ERP studies on this topic
have used stimuli depicting whole faces, rather than single facial features. This issue is linked to
two distinct conceptual frameworks [18]. First, a holistic approach of race perception would posit
that an initial representation of a combination of several features of the human face is formed before
racial information can lead to attentional and familiarity responses reflected by ERP correlates of
race perception. This model is supported by behavioural evidence indicating that race perception is
linked to a holistic or configural processing of the face [19]. This idea is also supported by an
influential body of research that focuses on early ERPs related to specialized processes of face
recognition. Some of these studies have found that the N170, a negative deflection often associated
with the configural processing of faces [20] tends to be more negative for OR than SR faces [3,21—
23].

Second, a featural approach of race perception could posit that specific facial features
contain enough information to trigger differentiated attentional and familiarity responses. This
approach is supported by a number of studies showing that the N170 is not sensitive to racial
differences in faces [24,25]. Further, existing ERP evidence suggests that racial categorization can
occur at latencies preceding typical neural correlates of whole-face processing [7]. In addition,
substantial evidence suggests that a specific facial feature, the eyes region of the face, plays an
important role in the perception of ethnic differences [26,27]. Consistent with this idea, a recent

study found that P2 amplitudes tended to increase for OR faces when participants were instructed to
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fixate on the eyes of whole-face-stimuli [6]. However, given that this study was based on the
manipulation of fixation instructions on whole face stimuli, it cannot be excluded that these results
may have been influenced by a holistic form of processing of the face stimuli used in that
experiment.

To address this question, we tested here whether stimuli depicting only the eyes region of
the face (i.e. no other facial feature could be seen) can provide sufficient information to trigger
known ERP correlates of race perception. If this possibility is true, it would indicate that a holistic
processing of the whole face is not necessary for the attentional and familiarity processes
commonly associated with these ERP effects. Specifically, we tested whether three ERP
components linked to known early, mid-latency and late effects of race (the P2, N400 and LPC)
were sensitive to the perception of ethnic differences from stimuli depicting only the eyes region of
the face. We hypothesized that, if the eyes region of the face provides sufficient information to
trigger typical ERP correlates of race perception, then a contrast between OR and SR eyes should
lead to similar ERP patterns observed when whole face stimuli are used.

Our study had two additional methodological specificities. First, we were able to test our
hypotheses on a sample of Asians living in a country where Asians are the major in-group
(Malaysia), which contrasts with the majority of ERP studies of intergroup relations which are
usually done in countries where Caucasians are the in-group (see [8,28] for notable exceptions)
Second, we also avoided to explicitly ask our participants to make racial categorization judgments
during the task, in order to avoid processes linked to the explicit search for social category
information, or potential effects linked to individuation strategies [26]. Instead, we provided
instructions directing our participants to pay attention to the stimuli (trying to detect the mental state

experienced by the target) without explicit references to racial differences.
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Methods
Participants

Forty young healthy right-handed adults (28 females, Mean age = 23.02, SD = 3.37)
participated in this study. Nine participants were excluded because their EEG data was too noisy
(see the "Methods" section), which resulted in a final sample of 31 individuals (20 females, Mean
age = 23.18, SD = 3.33). Participants were all Malaysians from three major Asian ethnicities:
Malays (N=11), Malaysian-Chinese (N=9) and Malaysian-Indians (N=7), and other Malaysian
ethnic minorities (N=4). They were all living in the greater Kuala Lumpur Metropolitan and thus
they were regularly exposed to a majority of ethnic Malays and Malaysian-Chinese. These two
groups made up approximately 83% of the population living in the wider Kuala Lumpur in 2018
[29]. Both of these groups share similar facial traits [30] typical of East Asian types depicted in the
Asian version of the RMET, and Caucasians are a very small minority in Kuala Lumpur.
Participants signed an informed consent prior to the experiments, and they all received a token

monetary reward for their participation.

Stimuli

We used the Reading the Mind in the Eyes task (RMET [31]), previously validated and
extended to include Asian stimuli [32,33]. This stimuli set includes 72 gray-scale pictures depicting
only the eyes region of the face, taken from 36 Caucasian and 36 Asian individuals. Each picture of
the RMET (Asian or Caucasian) is linked to a specific mental state associated with a specific verbal
label (e.g. “friendly”, “worried”, etc.). The RMET involves asking participants whether each pair
of eyes matches a word describing the target state, compared to a number of other distractor words.
This feature of the RMET enabled us to direct our participants to pay attention to pictures of two
different ethnic groups without explicitly asking them to perform a race categorization task. A pilot
study testing 20 Malaysian participants (mean age, = 20.4 years, SD = 1.23) established that the eye

stimuli of the RMET could be accurately categorized as Asian or Caucasian eyes (mean accuracy;

Asian eyes: M= .92, SD = 1.77; Caucasian Eyes: M=.93, SD=1.60; t = 0.66, p =0.52).
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Procedure and design

Every participant was seated in an armchair placed within an electrically shielded cubicle
where EEG recordings took place. Participants were given time to read the instructions of the
experiment and read the glossary of the mental state words that was used in the RMET. The
experiment included 288 experimental trials that followed the same structure: First, participants
were presented with a fixation cross with a random duration ranging from 900ms to 1200ms.
Second, a picture depicting the eyes region of either a Caucasian or an Asian individual was
displayed for 2000ms. Third, a word describing a mental state (e.g. worried) was displayed for one
minute. Participants responded with a keypress whether (yes/no) the word matched the state felt by
the individual whose eyes had just been displayed. Participants were given unlimited time in
between blocks to rest before completing the remaining blocks. Participants took about 30 minutes
to complete the tasks. Each picture was shown four times corresponding to four different mental
states described in the third stage. These mental states included the target mental state and three
distractor states pertaining to the RMET task. The order of the pictures, whether Asian or Caucasian
eyes were shown, and the order of the mental state words in the third stage were fully randomised.
Participants took about 30 minutes to complete the tasks, and stimuli were presented visually
against a white background on a screen located one meter away from participants, using E-prime
2.0TM (Psychology Software Tools, Pittsburgh, PA). Each RMET stimulus was standardised to a

14.5 (width) x 5.5 (height) cm format and presented on a 21” screen.

Electrophysiological data recording and processing

EEG data were recorded with a 128-channel net connected to a high-input amplifier (Electrical
Geodesics, Inc., EGI, Eugene, OR) at a rate of 500 Hz (0.01-200 Hz bandwidth), and an impedance
<50 kQ. In order to minimize signal noise, EEG recordings took place in a custom-made Faraday

cage (IAC Acoustics, Smithfield NSW, Australia) and data were recorded using an online Cz
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reference. To conform with previous studies on race perception testing similar ERP components
(e.0. [5]), Raw EEG data was converted offline to an average mastoids reference. EEG data was
pre-processed using EEGLAB version 14.1.2b [34] and ERPLAB version 7.0 [35]. The data were
filtered offline (0.1-40Hz), segmented into epochs between 200ms before and 2000ms after the
onset of each picture depicting the eyes region (second stage of each trial) and baseline corrected.

Independent Component Analysis (ICA) was run on epoched data using the "Infomax" ICA
decomposition method implemented in the "runica()" function of EEGLAB [34]. We next followed
the guidelines of Jung, Makeig, Lee, and Sejnowski (2000) to detect and remove components
accounting for ocular artifacts (eye-blinks and lateral eye movements) and muscular artifacts. Next,
to minimize artifacts not captured by ICA, we rejected data epochs that had a difference between

their maximum and minimum voltage amplitudes exceeding 100 x V in 1000-ms segments isolated

in steps of 100 ms for every epoch. On average, 6.5 channels were found to be artifactual and were
interpolated either through spherical spline interpolation or nearest-neighbor replacement. In line
with recommended practice [37], nine participants were excluded from the sample because more
than one third of their trials were rejected according to the criteria described above. The participants
included in the final sample had an average rejection rate of 16.1% (max: 20.8%). The average
number of accepted trials for the Caucasian eyes condition and the Asian eyes condition was 120
out of 144 trials (83.7%) and 121 out of 144 trials (84%) respectively. No participant had less than
114 artifact-free trials in either of the two conditions (Caucasian vs. Asian).

We quantified the P2, the N400 and the LPC by extracting peak amplitudes in specific a
priori time windows defined on the basis of previous literature [4-10,12] and from a careful visual
inspection of our waveforms. We extracted the most positive peak occurring between 100 and 250
ms (P2), and between 500 and 800 ms (LPC) and the most negative peak between 250 and 500
(N400). Given that the ERP effects that we targeted have been previously reported in both fronto-
central and centro-parietal midline locations scalp locations [2], we adopted a regions of interest

approach in which we selected four scalp regions surrounding midline areas and covering anterior-
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posterior (AP) and left-right axes. Using AP and left-right axes as factors in ERP analyses is an
approach extensively used in ERP research [38,39]. Specifically, we selected a Left Anterior (EGI
standard locations E7, E13, E12, E30, E20), Right Anterior (E5, E106, E112, E105, E118), Left
Posterior (E60, E53, E54, E61, E67), and Right Posterior (E85, E86, E77, E78, E79) scalp regions.
Next, similar to previous research [40], we averaged data for single electrodes inside each of these
scalp regions. This practice has been recommended to address familywise errors in dense arrays of
electrodes [41]. For each ERP of interest (P2, N400 and LPC), we computed a Race (Caucasian
eyes vs. Asian eyes) X AP (Anterior vs Posterior) X Hemisphere (HEM, Right vs. Left) repeated-
measures Analysis of Variance (ANOVA).

In order to enable a comparison with previous literature, we also analyzed ERP components
typically associated with the configural processing of faces, the N170 and the occipito-temporal P2.
For this aim, we followed standard practice of previous research on these components [42] by re-
referencing our data to a common average reference, and we focused on electrodes E58 and E96
which in EGI nets correspond to electrodes P8 and P7 (also known as T6 and T5). For the N170, we
extracted negative peak amplitudes in a 120-190 time window, and for the occipito-temporal P2 we
extracted positive peak amplitudes between 150 and 250 ms.

For all the analyses, results were considered significant at p < 0.05, and partial eta-squares

were reported in order to provide estimates of effect sizes.

Results
Behavioral results
Participants’ accuracy in identifying mental states in the RMET task was not significantly
different between Asian (68%) and Caucasian (70%) eyes, t=1.7, ns, in line with previous accuracy
figures using the same materials [32]. Response times linked to the RMET did not significantly
differ between Caucasian (M = 1.922 seconds, SD = 1.05) and Asian stimuli (M = 1.918 seconds,

SD = 1.04), t (30) = .17, p = .86.
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ERP results

A visual inspection of our ERP data depicted in Figure 1 indicated the existence of an early
positive peak with a predominantly fronto-central topography which conforms to a P2 component,
and a mid-latency negative deflection peaking at 300 ms in anterior and central sites, which
conforms to the temporal characteristics of a N400/N3 component [16,43]. This N400 effect
extends to posterior sites but with a slightly later peak latency around 340 ms (see supplementary
Figure 1). ERP waveforms related to Caucasian and Asian eyes seem to be clearly differentiated for
the P2 and N400, whereas no obvious differences can be seen in a typical LPC time window (500-
800).

Insert Figure 1 here

Statistical analyses have largely confirmed these observations. A Race (Caucasian eyes vs. Asian
eyes) X AP (Anterior vs Posterior) X Hemisphere (HEM, Right vs. Left) repeated-measures
ANOVA computed on P2 peak amplitude scores revealed a significant main effect of Race, F(1,
30) = 4.5, p=.04, »p?=.13, indicating that P2 amplitudes were significantly larger for Caucasian
than Asian eyes (M= 5.3, 5.0; SEs: 0.41, 0.36). This effect did not differ between electrode sites, as
Race X AP, Race X HEM and Race X AP X HEM interactions were not significant (Fs = .20, 1.7,

.34; ps = .66, .19, .56; »p?=.007, .05, .01 respectively). A significant main effect of Race was
found for the N400, F(1, 30) = 7.3, p=.01, »p?=.20, showing that N400 amplitudes were
significantly larger for Asian than Caucasian eyes (M= -.39, .003; SEs: 0.36, 0.33). Similar to the
P2 data, AP and HEM did not interact with Race in the N400 data (Fs = .04, 1.7. 1.04; ps = .85, .19,
32; 7 p?=.001, .05, .03). This finding suggests that the effect of Race was broadly distributed
across fronto-central and centro-parietal sites. In order to further test the reliability of these effects,
we recalculated our main effects of race using a robust 10,000 samples bootstrapped t-test. This

approach confirmed that the effects of Race were significant for both the P2 [CI: .03, .54, p=.04]
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and the N400 [CI: .12, .67, p=.01]. Descriptive statistics of P2, N400 and LPC analyses are shown

in Table 1.
Insert Table 1 here.

In order to ensure whether that N400 results were not masking two different effects with a distinct
topography, we reanalyzed the N400 data separately for posterior and anterior electrodes. However,
we found that effects of Race were significant and similar in both locations (see supplementary
data, and supplementary Figure 1). In addition, given that the N170 and the occipito-temporal P2
are mainly associated to the configural processing of whole faces and other complex stimuli [3,20],
we did not expect these components to be sensitive to our experimental manipulation. However, we
performed supplementary analyses on both of them for the sake of completeness. As expected, we
found no significant differences between Asian and Caucasian eyes for both of these components
(see Supplementary data and supplementary Figure 2).

In summary, these results show that Asian participants who attended to both Asian and
Caucasian eyes produced a larger P2 for Caucasian eyes, and a larger N400 for Asian eyes. Overall,
these effects did not significantly interact with AP or HEM, which indicates that they are broadly

distributed around the midline.

Discussion
This study is to our knowledge the first to show that two early brain potentials, the P2 and
N400, are triggered by the perception of racial differences from the eyes region of the face even
when other facial features cannot be seen. These results indicate that these two ERPs reflect
processes involved in race perception that do not require a holistic processing of the whole face,
which is compatible with a featural account of early neural responses to racial differences. In
addition, we found that the late positive complex was not affected by ethnic differences displayed in

eye stimuli. We discuss hereafter potential interpretations of these findings.
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The finding that P2 amplitudes were larger for Caucasian compared to Asian eyes are in line
with a vast amount of previous evidence obtained from whole-face stimuli in which OR faces lead
to a more positive P2 than SR faces [4-9]. In particular, our results are consistent with VVolpert et al.
[6], although we showed that the link between race perception and the eyes regions can be observed
even when other facial features cannot be seen, which excludes any whole-face processing effect.
The P2 effects observed in our study were not modulated by the AP and HEM factors, implying that
they were distributed broadly across fronto-central and centro-parietal sites. P2 effects are usually
linked to very early processes of allocation of attentional resources that are often deemed to be
automatic, and they may reflect the activity of an early vigilance system devoted to the detection of
motivationally relevant stimuli [10-12]. Similar interpretations have been advanced in the literature
of ERP correlates of race perception, where the P2 has been linked to an early vigilance system that
detects outgroup-related information [2].

The second noticeable finding of our study is a significant effect of race on a negativity
ranging from 250 to 500 ms and spanning over anterior and posterior sites. This negativity peaked
at approximately 300 ms in fronto-central sites and 350 ms in left centro-parietal sites. This
negativity conforms to an N400, which is typically observed in centro-parietal sites, but it can also
be found in anterior sites, where it is called a frontal N400 or N3 [16,17,43]. Our findings on the
N400 are consistent with the results that Willadsen-Jensen and Ito [5] obtained from Asian
participants using whole-face stimuli.

There are at least two potential interpretations for this effect: First, the enhanced negativity
for SR eyes may reflect a signal of familiarity. More specifically, a prior history of exposure to in-
group eye regions would have created a memory representation that is activated when SR targets
are met, resulting in a familiarity response. This interpretation would be consistent with the
interpretation of Willadsen-Jensen and Ito [5] for their results with whole faces, and they are also

consistent with known effects of face familiarity on the N400 [17].
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The second potential interpretation of this result is that the N40O0 results might just reflect
attentional effects caused by an effect of stimulus frequency. Given that Caucasian eyes are rarer in
the Asian context where participants were tested, they would be likely to attract more attention,
which could explain the results observed with the N400. Although this explanation appears to
overlap with the explanation based on familiarity processes, it is important to stress that familiarity
in this context refers to a memory process which relies on the activation of representations that may
have been formed over a considerable amount of time. In contrast, the stimulus frequency
explanation refers to an attentional effect modulated by differences in the frequencies of different
categories of stimuli that can occur over a short period of time, similar to “oddball” tasks [15].

Although the stimulus frequency explanation cannot be fully ruled out, it has to be stressed
that attentional effects to rare/frequent stimuli in oddball-type tasks are not typically indexed by the
N400. Instead, the LPC is more widely known to be sensitive to such manipulations [15], and our
observation that the LPC is not modulated by race perception in the current experiment is
inconsistent with the hypothesis that attention to rare stimuli per se would have played a role in our
results. Moreover, previous evidence shows that short-term repetition of stimuli is related to a
decrease of N400 amplitudes [44], whereas our results show that SR stimuli are related to an
increase of the N400.

Furthermore, the main goal of this study was to examine whether the eyes region of the face
could provide sufficient information to trigger known effects of race perception on ERP activity.
Our results show that this hypothesis is confirmed for the P2 and N400, which argues in favour of a
featural explanation of these early effects. The P2 and N400 both refer to processes that are often
thought to be relatively quick and automatic [10,12,17], such as an early vigilance response in the
case of the P2, and an early familiarity response for the N400. This interpretation is consistent with
evidence suggesting that quick, motivationally-relevant processes can be triggered with minimal
information [45,46]. This explanation is also compatible with evidence suggesting that perceiving

the eyes region of the human face can activate brain areas such as the amygdala and other
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subcortical structures [47,48], which are often associated with quick vigilance responses. It is
important to note that these results do not contradict previous evidence showing a link between
holistic facial processing and racial categorization [19]. Our results simply indicate that a subset of
processes involved in racial categorization do not need whole-face processing. Given that a
complex cascade of cognitive processes are involved in racial categorization, it is very likely that a
number of processes happening after holistic processes of facial recognition exert a significant
influence on racial perception. In addition, our results do not exclude the influence of any
configural processing from racial categorization. Configural processing can in theory take place in
the eyes region, as for instance the judgment of the distance between the eyes. Our results only
indicate that configural processes involving the whole face are not needed for effects of race on the
P2 and N400.

Finally, we did not observe significant effects of race on the LPC, contrary to studies using
whole-face stimuli [3-5,8]. Although the absence of an effect can never be fully interpreted, it is
possible that one of the reasons for an absence of LPC effects is that race perception from the eyes
would rely mainly on quick, "obligatory" vigilance and familiarity processes. This potential
phenomenon would be in contrast with race perception from whole faces, which seems to rely on a
more complex cascade of neural processes reflecting both automatic and overt processes. This
explanation would be compatible with evidence suggesting that the LPC reflects an overt allocation
of attentional resources towards a specific category of stimuli or task [15] and with evidence
indicating that the P2 and N400 can be linked to automatic attentional and recognition processes
[11,12,17]. However, further research would be needed to test whether this assertion is true.

In summary, the present study found that ethnic differences displayed on the eyes region of
the face were associated with differences on the P2 and N400 brain potentials. These results show
that a specific facial feature - the eyes region of the face - can provide sufficient information for

early "obligatory" neural processes of racial categorization. Our findings suggest that featural
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models may account for early attentional and familiarity processes contributing to the perception of

ethnic differences from the human face.
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Figure Legends

Figure 1. a) ERP waveforms plotted on the left anterior cluster for Asian and Caucasian stimuli.
The left anterior cluster is shown because the N400 and P2 effects are maximal in this cluster.
Amplitude in microvolts ( « V) is on the y axis and time in milliseconds is on the x axis. b)
Scalp maps of Caucasian-Asian difference scores of maximum peak amplitudes for the P2
(Map limits: -0.5/+0.5) and frontal N400 (Map limits: -0.8/0.8) time windows.

Figure 2. a) ERP waveforms plotted on the left posterior cluster for Asian and Caucasian stimuli.
The left posterior cluster is shown to depict the centro-parietal N400. Amplitude in microvolts
(« V) is on the y axis and time in milliseconds is on the x axis. b) Scalp map of Caucasian-
Asian difference scores of maximum peak amplitudes for the N40O time windows in posterior

sites (Map limits: -0.4/0.4).
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