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Visual processing and emotion perception from ingroup and outgroup 
facial expressions
Yong-Qi Cong , Disa Sauter , Julia Vacas Ruiz and Agneta Fischer 

Department of Psychology, University of Amsterdam, Amsterdam, The Netherlands

ABSTRACT  
When viewing racial ingroup versus outgroup faces, different visual processing 
strategies are used, resulting in better identification and memory of ingroup faces 
(Other Race Effect). Similarly, emotion recognition tends to be more accurate from 
ingroup facial expressions (Ingroup Advantage Effect). This study examines 
whether differential visual processing strategies for ingroup and outgroup faces 
extend to emotion perception and how they relate to emotion recognition 
accuracy. We conducted an eye-tracking experiment with Dutch participants (N =  
99) making perceptual emotion judgments of Dutch (ingroup) and Chinese 
(outgroup) facial expressions. We hypothesised that ingroup and outgroup faces 
would be visually processed differently and that these differences would relate to 
emotion recognition accuracy. As expected, we observed different viewing 
patterns: participants looked longer at the eyes and nose of ingroup faces and at 
the mouth of outgroup faces. However, differences in visual processing were 
minimally linked to emotion recognition accuracy, suggesting that accurate 
emotion decoding involves perceptual processes at different levels and that 
various looking patterns can lead to correct emotion recognition. These findings 
extend the Other Race Effect by demonstrating that differential looking patterns 
occur also during emotion perception, contributing to the understanding of face 
and emotion perception across racial groups.
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Introduction

The process of inferring others’ emotions from their 
facial expressions is complex and can be affected by 
factors ranging from the facial characteristics of the 
expresser to the social context (Hess & Hareli, 2015). 
One important but not well understood aspect is 
how the cultural or ethnic background of the expres
sers influences how emotions are perceived from their 
facial expressions (Jack, 2013; Quesque et al., 2022). In 
the literature on cross-cultural emotion communi
cation, cultural background is usually operationalised 
in terms of race or ethnicity (Elfenbein & Ambady, 
2002; Wood et al., 2016). This has been shown to be 
relevant when perceivers infer emotions from 

others’ facial expressions: they are generally more 
accurate in identifying emotions when viewing 
expressions displayed on faces that share the same 
cultural or ethnic background as themselves, com
pared to faces that have a different background 
(Elfenbein & Ambady, 2002). This phenomenon has 
been termed the ingroup advantage effect.

This superiority in emotion perception from 
ingroup faces has been proposed to reflect the fact 
that facial expressions of the same emotion have 
slightly different appearances in different cultures, 
known as emotion dialects (Elfenbein, 2013). On this 
view, perceivers are better at recognising emotions 
from facial expressions if they are more familiar 
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with the emotion dialect of the expresser. However, 
evidence suggests that in addition to emotion dia
lects, there are other underlying mechanisms that 
contribute to the ingroup advantage in emotion per
ception, because the ingroup advantage has been 
observed even when the ingroup and outgroup 
members share the same cultural and linguistic back
ground. This is the case when an ingroup vs out
group distinction is created on the basis of other 
types of social identities (Thibault et al., 2006) or in 
a minimal group paradigm (Young & Hugenberg, 
2010).

One complementary (i.e. not mutually exclusive) 
explanation proposed for the ingroup advantage 
effect is that there are motivational differences 
between the processing of ingroup and outgroup 
faces. These motivational differences favouring 
ingroup targets could lead to ingroup faces being 
differently processed than outgroup faces (Hugen
berg, 2005; Hugenberg & Corneille, 2009; Young & 
Hugenberg, 2010). Support for this argument comes 
from a substantial body of research from the face per
ception literature, which shows superior processing of 
ingroup (e.g. the same race as the perceivers) over 
outgroup (e.g. with a different racial appearance 
than the perceiver) faces. Specifically, there is a paral
lel of the ingroup advantage of emotion recognition 
in the face perception literature, which is known as 
the Other Race Effect (ORE). ORE refers to the obser
vation that faces of an observer’s own race are 
better recognised and remembered than faces of 
another race (Meissner & Brigham, 2001).

Consistent with the motivational account, the ORE 
has been found to align with differential visual proces
sing for ingroup and outgroup faces. For example, 
research has shown that individuals attend more to 
the eyes of ingroup faces than outgroup faces (Briel
mann et al., 2013; Kawakami et al., 2014; Stelter 
et al., 2021), with potential implications for emotion 
perception. For example, attention to the eyes have 
been shown to relate to differences in the extent to 
which smiles are perceived to be genuine on White 
and Black faces (Friesen et al., 2019). Ingroup faces 
have also been shown to be processed more holisti
cally (i.e. processing the interconnectedness and 
spatial relationship between face parts), which is 
associated with more effective face recognition 
(Richler et al., 2010). Holistic processing is characterised 
by longer looking time and fewer fixations at the 
centre of the face (i.e. around the nose; Mega & Volz, 
2017). These findings suggest that the eyes and 

nose might be key areas that reflect how ingroup 
and outgroup faces are differentially processed.

Based on this work, we theorised that the differen
tial visual processing strategies, and specifically atten
tion to the eyes and nose, might contribute to the 
superior recognition of emotions from faces of 
ingroup members. There is some evidence suggesting 
that visual processing strategies are relevant to the 
perception of emotions from facial expressions. For 
example, people allocate more attention to facial fea
tures that are diagnostic for specific emotions (Eisen
barth & Alpers, 2011; Scheller et al., 2012). However, it 
is unclear whether differences in visual processing 
strategies for ingroup and outgroup faces extend to 
the context of facial emotion decoding and whether 
these differences relate to emotion recognition accu
racy. Addressing these questions would help shed 
light on the mechanisms underlying the superior rec
ognition of emotions from ingroup faces.

The current study sought to investigate the effect 
of differential visual processing strategies of ingroup 
and outgroup faces on emotion decoding. Drawing 
from previous literature (Friesen et al., 2019; Kawa
kami et al., 2014; Mega & Volz, 2017), we were particu
larly interested in attention to the eyes and nose area. 
Additionally, we also examined the mouth area, as it 
has been suggested that differential information 
decoding from ingroup versus outgroup faces is 
mainly driven by the lower face (Yan et al., 2016). 
Our hypotheses were: (1) visual processing strategies 
are different for ingroup and outgroup faces during 
the decoding of emotional facial expressions, specifi
cally with regard to attention on the eyes, nose, and 
mouth. (2) differential visual processing strategies 
directly relate to emotion recognition accuracy. The 
study received ethical approval from the Ethics 
review board at the University of Amsterdam.

Method

Participants

Sample size was determined by an a priori power 
analysis based on an effect size estimate for Hypoth
esis 2 (the effect of differential visual processing on 
emotion recognition). This was done using effect 
sizes obtained from studies investigating the relation
ship between visual processing and the ORE (Briel
mann et al., 2013; Kawakami et al., 2014). Based on 
an effect size of d = 0.3, we would need 71 partici
pants to achieve 0.8 power.1 Only individuals who 
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were born and raised in the Netherlands were eligible 
to participate. Two participants were excluded: one 
had a direct family member who was Asian and the 
other one had grown up outside of the Netherlands. 
The final sample consisted of 99 participants 
between the ages of 17 and 60 years (M = 22.9, SD =  
6.4). Eighty-three of the participants identified as 
female, 15 as male, and 1 as other. Participants 
received either course credit or monetary compen
sation for their participation.

Materials and apparatus

It has been suggested that emotion perception from 
posed compared to spontaneous facial expressions 
may differ (Dawel et al., 2022; Naab & Russell, 2007). 
Therefore, we used three different types of stimuli: 
two types of posed (FACS-standardised and non-stan
dardised) and spontaneous facial expressions of 
emotion. All stimuli were still photographs. The stan
dardised expressions were posed expressions based 
on proposed prototypes of emotional facial 
expressions using the Facial Action Coding System 
(FACS, Ekman & Friesen, 1978). They were taken 
from the ADFES (Dutch own-race; Schalk et al., 2011) 
and EFEID (Chinese other-race; Chen & Yen, 2007) 
and expressed five emotions (anger, disgust, fear, 
sadness, and happiness). The non-standardised posed 
and spontaneous expressions were taken from a set 
of stimuli developed by the authors for another 
study (Cong et al., 2025), The posed expressions 
resulted from instructions to pose a specific emotion 
(e.g. anger), but without instructions about which 
specific muscles to engage. The spontaneous 
expressions were captured when individuals were 
experiencing an emotion while recalling emotion- 
specific events in their life. The non-standardised 
posed and spontaneous expressions included eight 
emotions (anger, disgust, fear, sadness, joy, love, com
passion, and pride). See Supplementary Method for 
details on the stimulus selection criteria.

Participants’ eye movements were monitored 
using an EyeLink® eye-tracker with a sampling rate 
of 1000 HZ and an average accuracy of 0.25°–0.5°. 
The eye-tracker was located under a monitor screen 
(size 34 × 27.5 cm; 1280 × 1024 pixels) where the 
stimuli were presented. Participants were seated 
approximately 65 cm away from the monitor screen 
and their head was supported by a chin rest. The 
experiment was programmed in SR Experiment 
Builder (SR Research Ltd., Mississauga, Canada).

Design and procedure

After informed consent, the session started with a 9- 
point calibration for the eye-tracker. Then, the main 
experiment began with four practice trials. After the 
practice trials, the experimenter offered participants 
the opportunity to ask questions and then proceeded 
to the main task. The presentation of the different 
types of stimuli was blocked and presented in a 
fixed order, starting with the standardised expressions, 
then posed, and last the spontaneous expressions. The 
order of trials within each block was randomised.

Each trial started with a fixation cross in the centre 
of the screen for 500 ms, followed by a facial 
expression stimulus shown for 3000 ms. The facial 
expressions were shown for a relatively long time as 
previous research shows that better recognition for 
emotional expressions from ingroup faces only 
occurs during longer presentation times (Young & 
Hugenberg, 2010). Then the facial expression was 
replaced on the screen by response options, which 
were all the possible emotions for a given stimulus 
type (i.e. five options in the block with standardised 
expressions and eight options in the other). Partici
pants were asked to give their response by pressing 
a key. The next trial started immediately after the 
key press was recorded.

There was a total of 188 trials, excluding the prac
tice trials. The first block consisted of 60 trials, with 12 
facial expressions of each of the five emotions (half 
ingroup faces, half out-group faces; half male expres
sers, half female expressers). The second and third 
block each consisted of 64 trials, with eight 
expressions of each of the eight emotions (half 
ingroup faces, half out-group faces; half male expres
sers, half female expressers). The entire experimental 
session lasted about one hour.

Analysis plan and data processing

Following past research on face perception and facial 
expression recognition, we operationalised visual pro
cessing as attention to different areas of the face. First, 
we examined whether attention would be differen
tially allocated to specific areas of the face. We differ
entiated eyes (i.e. only the eyes) from the eye area (i.e. 
eye area plus eyebrows and the spaces between the 
eyes). We included both measures because the first 
is a frequent area of interest in the face perception lit
erature (Kawakami et al., 2014), while the latter is used 
more often in the emotion perception literature, likely 
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because eyebrows can carry information relevant to 
emotion decoding (Jack et al., 2009; Smith et al., 
2004; Yan et al., 2016). The second area of interest 
was the nose, as attention to the centre of the face 
likely reflects holistic processing (Mega & Volz, 
2017). Finally, we examined attention to the mouth, 
an underexplored area in past research on this topic.

In order to examine visual attention allocation to 
the different areas of the face, we thus defined four 
areas of interest (AOIs): the Eyes, Eye Area, Nose, and 
Mouth. This was done for each facial expression manu
ally, so that the AOI would precisely capture the fea
tures of each individual expression. Although the 
study was not pre-registered prior to data collection, 
we still wanted to separate hypothesis testing from 
hypothesis generation. Therefore, before any analysis 
was conducted, we split the data in two and conducted 
exploratory analyses on the first half of the data. Based 
on the results from the first half of the data, we pre- 
registered confirmatory analyses for the second half 
of the data (https://osf.io/6×4yd). Here we report the 
results per AOI of both the exploratory and confirma
tory analyses. An alpha of 0.05 was used for all signifi
cance testing and a Bonferroni-Holm correction was 
applied to correct for multiple comparisons.

Results
Hypothesis 1: Visual processing strategies differ between 
ingroup and outgroup faces during the decoding of 
emotional facial expressions. More specifically, we 
expected perceivers to look longer at the eyes and 
nose of ingroup faces, and longer at the mouth of out
group faces.

To test hypothesis 1, we ran a Linear Mixed Model 
(LMM) for each of the AOIs. The looking time for the 
interest area was the outcome variable, and Stimulus 
Group (ingroup vs. outgroup) was included as a fixed 
effect predictor, with ingroup set as the intercept. Par
ticipant, Emotion, and Block were treated as nested 
random effects. Emotion and Block were both 
included as random effects because these were not 
primary variables of interest and we did not have a 
priori hypotheses relating to these variables. We 
report the findings from both exploratory and confi
rmatory analyses for each of the AOI below.2 All 
reported p values are from two-tailed tests.

Eyes and eye area

We expected perceivers to spend more time looking 
at the eyes or eye area of the ingroup (i.e. Dutch) 

faces. Starting with the Eyes, in the exploratory analy
sis of the first half of the data, we did not find looking 
time to differ between the ingroup and outgroup 
faces, t(7848) = 0.249, p = 0.803. However, the confi
rmatory analyses in the second half of the data 
yielded a significant effect of Stimulus Group, 
t(7848) = −2.75, p = 0.006. Since the results were not 
consistent between the first and second half of the 
data, we proceeded to run the analysis with the 
entire dataset. This analysis found no significant 
difference in looking time at the Eyes of the ingroup 
vs outgroup faces, t(15697) = −1.80, p = 0.071. The 
results of the entire dataset are visualised in Figure 1A.

We then examined the Eye Area as the outcome 
variable. In the exploratory analysis, there was no sig
nificant effect of Stimulus Group, t(7848) = −1.45, p =  
0.148, but in the second half of the data, there was a 
significant effect, t(7848) = −5.22, p < 0.001. With the 
entire dataset, we replicated the finding from the 
second half of the data: looking time at the Eye Area 
significantly differed between ingroup and outgroup 
faces, t(15697) = −4.52, p < 0.001, marginal R2 =  
0.0007, conditional R2 = 0.408. However, the effect 
size was very small: the marginal R-squared of 
0.0007 indicated that only 0.07% of the total variance 
was explained by the fixed effect predictor Stimulus 
Group. These results are visualised in Figure 1B.

Nose

We next assessed whether looking time at the Nose 
was longer for ingroup than for outgroup faces. In 
exploratory analyses on the first half of the data, 
there was no significant effect of Stimulus group, 
t(7848) = −1.903, p = 0.057, which was replicated in 
the second half of the data, t(7848) = −1.799, p =  
0.072. These findings suggest that looking time at 
the Nose did not differ between ingroup and out
group faces. Since the effect sizes in the previous ana
lyses (i.e. with Eyes and Eye Area) were small, we 
wanted to see whether we could detect a significant 
effect with more power. We therefore conducted an 
additional analysis using the entire dataset. With the 
entire data set, we did find a significant effect of 
Stimulus Group on looking time at the Nose, 
t(15697) = −2.618, p = 0.009, marginal R2 = 0.0002, 
conditional R2 = 0.372, meaning that looking time at 
the Nose significantly differed between ingroup and 
outgroup faces. Specifically, perceivers looked 
longer at the nose of the ingroup faces (M = 893.09, 
SD = 748.31) than outgroup faces (M = 870.29, SD =  
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710.04), indicating that ingroup faces were processed 
more holistically. However, the effect size is again 
small. These results are visualised in Figure 1C.

Mouth

In an exploratory analysis with the first half of the 
data, we found a significant effect of Stimulus 
Group, t(7848) = 6.971, p < 0.001, marginal R2 =  
0.004, conditional R2 = 0.339, meaning that the time 
spent looking at the Mouth of ingroup faces signifi
cantly differed from the outgroup faces. In the 
second half of the data, we again found a significant 
effect of Stimulus group, t(7848) = 9.72, p < .001, mar
ginal R2 = 0.005, conditional R2 = 0.291. Because the 
findings were consistent for both halves of the data, 
we conclude that perceivers looked longer at the 
Mouth of outgroup faces (M = 328.90, SD = 391.21) 
compared to ingroup faces (M = 277.56, SD =  
366.78). The results of the entire dataset are visualised 
in Figure 1D.

To sum up, we found some evidence to support H1 
that looking strategies differed between ingroup and 
outgroup faces. Specifically, perceivers spent less time 
looking at the Eye Area and Nose of the outgroup 
faces and more time at the Mouth of outgroup faces. 
Since H1 was confirmed, we proceeded to test H2. 

Hypothesis 2: Differential visual processing strategy is 
directly related to emotion recognition accuracy.

Emotion recognition accuracy

Before testing H2, we first checked whether there was 
an ingroup advantage in emotion recognition, that is, 
whether emotions were more accurately inferred from 
ingroup as compared to outgroup facial expressions. 
We performed a Generalized Linear Mixed Model 
(GLMM) with Recognition Accuracy as binary 
outcome variable, Stimulus Group as a fixed effect 
predictor, and Emotion, Block and Participant as 
random effect predictors. With ingroup faces set as 
the reference level, we found perceivers to be less 

Figure 1. Looking time at each interest area for ingroup and outgroup faces.
Note. Looking time (ms) at each AOI for ingroup and outgroup faces is plotted by Stimulus type. Error bars indicate means and standard deviations. Looking time at 
the Eyes is displayed in the top left (A). Looking time at the Eye Area is displayed in the top right (B). Looking time at the Nose is displayed in the left bottom (C). 
Looking time at the Mouth is displayed in the right bottom (D).
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accurate in recognising emotions from outgroup 
faces, (β = −0.301, SE = 0.036, p < .001, OR = 0.740). 
We then proceeded with examining whether specific 
looking patterns would be associated with emotion 
recognition accuracy.

Effect of visual processing on emotion 
recognition

To test whether emotion recognition accuracy is related 
to different looking strategies, we performed a General
ized Linear Mixed Model (GLMM) with recognition accu
racy (correct coded as 1 and incorrect as 0) as outcome 
variable, looking time at the AOI as a fixed-effect predic
tor and Participant, Emotion, and Block as nested 
random effect predictors. We only looked at the AOIs 
that differed in looking time between ingroup and out
group faces (i.e. Eye Area, Nose, or Mouth), This initial 
model did not converge for any of the AOIs, possibly 
because we were trying to make inferences on too 
many different levels given the data and that the units 
of measurements differed across the predictors. We 
then scaled the outcome variable and included the 
random effects unnested to reach model convergence. 
We report the results per AOI below.

For the Eye Area, there was no significant effect of 
looking time on emotion recognition accuracy, β =  
−0.022, SE = 0.020, p = 0.270. These data thus 
provide no evidence that the amount of time percei
vers spent looking at the Eye Area affected how accu
rately they recognised the emotion on the face.

For the Nose, there was also no significant effect of 
looking time on the AOI on emotion recognition accu
racy, β = 0.013, SE < 0.019, p = 0.488. There was thus 
no evidence that the amount of time perceivers 
spent looking at the Nose affected their emotion rec
ognition accuracy.

Finally, we examined whether looking time at the 
Mouth had an effect on emotion recognition accu
racy. This time, we found a significant negative 
effect of looking time on accuracy (β = −0.066, SE =  
0.019, p < 0.001, OR = 0,936), indicating that longer 
looking time at the mouth was associated with 
lower emotion recognition accuracy. The odds ratio 
of 0.936 indicates that for each additional standar
dised unit increase in looking time at the mouth, 
the odds of accurate emotion recognition decreased 
by 6.4%. We conclude that looking at the Mouth has 
a small effect on emotion recognition accuracy.

In sum, most of the facial areas that perceivers 
focused on were not associated with emotion 

recognition accuracy, only a longer looking time at 
the mouth is related to better emotion recognition.

Discussion

The current study investigated visual processing during 
perception of ingroup and outgroup emotional facial 
expressions. We found that ingroup faces were pro
cessed differently from outgroup faces. Specifically, per
ceivers spent more time looking at the eyes and nose of 
ingroup faces, and at the mouth of outgroup faces. 
However, visual processing patterns were only weakly 
linked to emotion recognition accuracy, except that 
looking longer at the mouth was associated with less 
accurate emotion recognition. This work connects the 
cross-cultural emotion recognition literature with 
research on face perception of ethnic ingroup versus 
outgroup faces.

Our findings align with the Other Race Effect, 
showing that ingroup faces are processed differently 
than outgroup faces. Perceivers tended to look 
longer at the eye area of ingroup faces, potentially 
indicating greater motivation to understand ingroup 
members (Kawakami et al., 2014; Wu et al., 2012). 
Viewers also looked longer at the nose of ingroup 
faces, likely reflecting more holistic processing for 
ingroup faces (Hugenberg & Corneille, 2009; Michel 
et al., 2006). Additionally, our study highlights the 
mouth as a less explored area in face perception 
research, showing that differential visual processing 
during emotion decoding for ingroup and outgroup 
faces is also reflected in looking time at the mouth. 
Together, these findings demonstrate that differential 
visual processing between ingroup and outgroup 
faces observed in prior studies on face perception 
and memory also occur during emotion decoding.

Unlike previous research on the Other Race effect, 
which primarily used White and Black faces, the 
present study used Asian faces as outgroup faces. We 
showed that differential visual processing of ingroup 
versus outgroup faces is also found for this outgroup 
category. This suggests that visual processing differ
ences between ingroup and outgroup faces are not 
limited to specific ethnic groups or tasks, as the same 
patterns are observed across different contexts.

Contrary to our expectation, differential looking 
behaviour at the eyes and nose did not significantly 
impact emotion decoding accuracy. This may 
reflect the small effect sizes of these differences. 
In contrast, looking time at the mouth did have 
an effect on emotion recognition accuracy. 
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Specifically, longer looking time at the mouth was 
associated with less accurate emotion recognition. 
This might reflect the fact that the lower face 
carries less diagnostic information for emotion 
differentiation compared to the upper face 
(Beaudry et al., 2014; Schurgin et al., 2014). This 
finding aligns with research investigating individ
uals with autism spectrum disorder (ASD), who 
have been found to have impaired emotion recog
nition in their judgments of neurotypical emotion 
expressions and tend to fixate more on the 
mouth areas (Neumann et al., 2006; Wolf et al., 
2008). Our findings provide further evidence that 
too much attention to the mouth may be a less 
effective strategy for emotion recognition.

The association between looking at the mouth and 
emotion recognition had a small effect size, indicating 
limited practical relevance. This may be partly explained 
by individual differences in visual processing strategies 
during emotion decoding, as multiple different gaze 
patterns can result in successful emotion decoding 
(Yitzhak et al., 2022). Moreover, emotion recognition 
may involve higher-level perceptual and conceptual 
processes, which can be influenced by both goal- 
driven and stimulus-driven strategies (Schurgin et al., 
2014). Future research may explore these processes to 
better understand differences in emotion perception 
from ingroup and outgroup faces.

To conclude, the current study provides insights 
into visual processing and emotion perception of 
ingroup and outgroup faces. While confirming pre
vious findings on differential processing of the 
upper face, our study highlights significant differ
ences in attention to the mouth. This underex
plored area warrants further investigation in cross- 
cultural emotion recognition and face perception 
research. Despite the differences in visual proces
sing, their association with emotion recognition 
accuracy was limited, which underscores the com
plexity of decoding emotional facial expressions. 
Our findings contribute to the growing bodies of 
literature on cross-cultural emotion recognition 
and face perception, enhancing our understanding 
of how social and cognitive factors intersect in 
shaping human perception across diverse cultural 
contexts.

Notes
1. Additional details on the power analysis are reported in 

the Supplementary Method.

2. Additional analyses with alternative models (e.g. Block as 
fixed effects) are reported in the Supplementary Results. 
The findings are consistent with the patterns of results 
reported in the main manuscript.
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