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Introduction

Familiar faces are more easily recognized compared to 
unfamiliar faces (Bruce et al., 2001). Most people can 
recognize familiar faces in different viewing conditions 
(e.g., differences in lighting), but this is seemingly dif-
ficult for unfamiliar faces (Sinha et al., 2006). For 
example, minor differences such as viewing angle 
(Favelle et al., 2011), changes in lighting, viewpoint, or 
expression (Bruce, 1982; Estudillo, 2012; Estudillo & 
Bindemann, 2014; Longmore et al., 2008) could impair 
unfamiliar face recognition. Familiar faces are thought 
to have a robust representation in memory, which is 
built up from multiple exposures of a face in different 
contexts (Burton et al., 2005; Jenkins & Burton, 2011; 
Johnston & Edmonds, 2009). Extensive research has 
since investigated if faces presented in multiple 

exposures and variations could enhance the learning of 
new identities (e.g., Dowsett et al., 2016; Ritchie et al., 
2021; White et al., 2014).

Research from different paradigms has shown that 
exposure to different face instances of an identity enhances 
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its identification (Andrews et al., 2015; Matthews & 
Mondloch, 2018; Menon et al., 2015). For example, when 
participants are asked to match the identity of two simulta-
neously (Bindemann & Sandford, 2011) or sequentially 
(Menon et al., 2015) presented faces, accuracy increases if 
an additional face image of the identity is included. Similar 
improvements in face-sorting task performance have been 
found as additional photos of the target were presented for 
comparison (Dowsett et al., 2016; Matthews & Mondloch, 
2018). Presenting multiple images of a target identity has 
also been shown to increase accuracy in identifying the 
target in surveillance video footage compared to when 
only a single image of the target is presented (Mileva & 
Burton, 2019). These studies demonstrate that multiple 
exposures to a face can enhance learning and recognition 
of a new identity, even when the faces are presented from 
different viewpoints (Hunnisett & Favelle, 2021).

Apart from multiple exposures, past research has also 
examined if different levels of variation during multiple 
exposures of an identity could affect identity learning (e.g., 
Susilo et al., 2018). For instance, a study by Ritchie and 
Burton (2017) examined the effect of within-person vari-
ability on face learning. In Experiment 1, participants were 
exposed to high variability (i.e., pictures taken several 
days apart, with different viewpoints and lighting condi-
tions) and low variability (i.e., pictures taken the same day, 
with similar lighting conditions) images of unfamiliar 
identities and were tested on a name verification task. 
Experiment 2 was similar, but it involved a simultaneous 
face-matching task. The results of both experiments 
showed that high variability learning led to better identifi-
cation. In line with this, it has been found that identifica-
tion accuracy was higher when the two-image comparison 
presented during a sequential face-matching task was in a 
high variability condition compared to a low variability 
condition (Menon et al., 2015). Another study compared 
identity learning when viewing a 10-min video footage in 
low variability (i.e., video filmed on the same day with the 
same appearance and lighting) and high variability (i.e., 
video filmed on different days with different appearance 
and lighting) in children and adults (Baker et al., 2017). 
Children were more accurate in an identity-sorting task 
after viewing the video footage in the high variability con-
dition compared to the low variability condition; however, 
this effect was weaker in adult participants. More recently, 
it has been shown that multiple exposures to identity in 
low variability conditions are not more effective than a 
single-image presentation for face learning (Matthews 
et al., 2024, but see Zhou et al, 2018). Altogether, the 
results of these studies highlight the importance of within-
person variability in face learning and identification.

Although it is clear that multiple exposures to a face, 
especially in high variability conditions, improve the 
learning of a new identity for own-race faces, less research 
has explored whether this benefit extends to other-race 

faces. Recognition of other-race faces is usually more dif-
ficult compared to own-race faces, the so-called other-race 
effect (ORE; Meissner & Brigham, 2001). Consistent with 
this, research has shown that other-race faces are indeed 
more difficult to learn compared to own-race faces 
(Tüttenberg & Wiese, 2019; Wong et al., 2020). However, 
past research has shown that recognition accuracy for 
other-race face recognition increases when four different 
images of an identity are learned as compared to when four 
repetitions of the same image of an identity are learned 
(Cavazos et al., 2019). A similar pattern of results was also 
found when a line-up task was implemented (Matthews & 
Mondloch, 2018). These findings suggest that, similar to 
own-race face identification, exposure to different face 
instances of an identity could enhance other-race face 
recognition.

Previous research has shown that other-race face recog-
nition usually relies more on external features (e.g., hair-
style) compared to internal features (e.g., shape of eyes) 
(Havard, 2021; Sporer & Horry, 2011; Wong et al., 2020). 
For instance, Wong et al. (2020) found that the ORE was 
observed only when internal features were presented inde-
pendently, and this effect was eliminated when faces were 
shown with both internal and external features as a unified 
whole, demonstrating the importance of external features 
for other-race face recognition. Aligned with this, other 
research has indicated that the omission of external fea-
tures leads to a decline in accuracy for recognizing other-
race faces, as observed in old-new recognition paradigms 
(Sporer & Horry, 2011) and simultaneous face-matching 
tasks (Havard, 2021). Since other-race face recognition 
relies more on external features, it is possible that high 
within-person variability may not be beneficial for other-
race face learning because high variability images involve 
consistent changes in external features that may hinder 
other-race face learning.

Recent research, however, seems to rule out this possi-
bility. Specifically, a study by Zhou et al. (2018) examined 
whether different levels of variation during multiple expo-
sures to other-race identities could affect identity learning. 
In the experiment, participants learned two own-race and 
two other-race identities either in low variability (i.e., a 
1-min video filmed on the same day with the same appear-
ance and lighting), high variability (i.e., a 1-min video 
filmed on three different days with different appearance 
and lighting), or a single image. The results revealed that 
both the low variability and the high variability conditions 
were beneficial for own-race identity learning when com-
pared to the single-image presentation. However, only the 
high variability condition benefited other-race identity 
learning. These findings suggest that high variability learn-
ing improved identification for both own- and other-race 
identities. Despite these findings, only White participants 
were recruited for the study, which limits the generaliza-
bility of the results.
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Thus, we aim to further examine the effect of high and 
low within-person variability exposure for both own- and 
other-race face learning using a cross-race design. This 
design is advantageous as it allows for an examination of 
whether these findings could be generalized across differ-
ent racial groups, providing more comprehensive insights 
into identity learning. In addition, we implemented iden-
tity learning using photos instead of videos to assess 
whether the effect remains consistent across different 
mediums. Own- and other-race identities will be learned in 
high and low variability conditions, and identity recogni-
tion will first be tested by using a name verification task in 
Experiment 1 and then by an old-new recognition para-
digm in Experiment 2. A name verification task, as in 
Ritchie and Burton (2017), was selected for Experiment 1 
because it provides more ecologically valid results by sim-
ulating real-world scenarios where people need to recog-
nize and associate names with faces. However, this task 
requires participants to learn names for both own- and 
other-race faces, introducing an additional cognitive load. 
To eliminate this extra cognitive burden, an old-new rec-
ognition paradigm was used for Experiment 2. This task 
was chosen because the benefits of multiple exposures 
with high variation may apply only to tasks with high 
memory demands (e.g., sequential face matching) but not 
to tasks without memory demands (e.g., simultaneous face 
matching) (Ritchie et al., 2021; Sandford & Ritchie, 2021).

Based on the findings discussed earlier, which showed 
that multiple exposures with high within-person variability 
are more advantageous for own-race identity learning 
compared to low within-person variability (Baker et al., 
2017; Menon et al., 2015; Ritchie & Burton, 2017), we 
expect enhanced face learning for own-race identities 
learned in high variability conditions compared to low 
variability conditions. In addition, if other-race faces are 
predominantly identified using external features (Havard, 
2021; Sporer & Horry, 2011; Wong et al., 2020), we would 
expect that recognition performance would be similar for 
identities learned in low- and high variability conditions. 
Conversely, if participants could successfully make use of 
the internal features of other-race faces when exposed to 
the high variability images with consistent changes in 
external features, we would expect that enhanced learning 
of other-race faces would occur for identities learned in 
high variability conditions than low variability conditions 
in line with Zhou et al. (2018), as high variation in face 
appearance leads to detailed encoding of internal features 
(Devue et al., 2021; Reedy & Devue, 2019).

Experiment 1

The current experiment aimed to investigate own- and 
other-race face learning in high and low within-person vari-
ability exposure. Experiment 1 partially replicates Ritchie 
and Burton’s (2017) experiment, where participants learned 

identities in high- and low variability conditions and were 
tested with a name verification task. However, the current 
experiment included both own- and other-race identities in 
the task (i.e., White and Chinese), and we recruited both 
Chinese Malaysian and White participants for this experi-
ment. In addition, this study builds on Zhou et al.’s (2018) 
findings by incorporating a cross-race design to explore 
whether this effect is consistent across different racial 
groups. We also used photos instead of videos in the identity 
learning phase to assess whether the benefits of high varia-
bility exposure remain consistent across different mediums 
and included a name verification task to examine whether 
high variability exposure could aid other-race face-name 
association.

Methods

Design. A mixed design was implemented. The within-
subject factors were variability (high and low) and stimuli 
(Chinese and White), and the between-subject factor was 
participants’ race (Chinese Malaysian and White). The 
dependent variable was the rate-correct score (RCS), a 
measure of efficiency in solving the task that combines 
accuracy and reaction times (Woltz & Was, 2006). We 
include this efficiency measure to avoid any potential 
speed-accuracy trade-offs (Gueugneau et al., 2017; Heitz, 
2014; Liesefeld et al., 2015; Wickelgren, 1977). We use 
RCS as it has been shown to be more efficient in detecting 
an effect and accounting for a larger proportion of the vari-
ance compared to other integrative measures of speed and 
accuracy (Vandierendonck, 2017). RCS is calculated by 
the number of correct trials divided by the sum of reaction 
times for correct and incorrect trials. The value of RCS 
indicates the number of correct trials per second, whereas 
a higher value of RCS denotes higher efficiency.

Participants. Chinese Malaysian participants were 
recruited by advertising the study on the University of 
Nottingham Malaysia’s social media page, while White 
participants were recruited through the Psychology Depart-
ment’s SONA system at Bournemouth University. In total, 
125 Chinese Malaysian and 156 White participants took 
part in this experiment, but the final sample included 103 
Chinese Malaysian (79 females, 2 others) and 91 White 
(76 females, 2 others) aged between 18 to 67 years 
(M = 22.32 years, SD = 5.42 years). Data from 87 partici-
pants were excluded from further analysis due to: (a) racial 
background being neither Chinese Malaysian or White 
(12); (b) median reaction time below 500 ms or accuracy 
rates below chance level (50%) (32); (c) inaccurate 
responses in the learning stage indicating inattentive 
behavior during the experiment (41); (d) accidental repeti-
tion of the experiment (1); or (e) familiar with more than 
half (i.e., more than five) of the identities presented in a 
single block (1).
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An a priori power analysis was conducted using 
G*Power 3.1 (Faul et al., 2009) for a mixed ANOVA com-
paring the own- and other-race identities learned in high 
and low variability conditions of Chinese Malaysian and 
White participants. The effect size for variability was 
based on Ritchie and Burton (2017), where ηp

2 = .28 and 
Ritchie et al. (2021), where ηp

2 = .52 and .20, large effect 
size. A large effect size estimate (ηp

2 = .14) was entered into 
the power analysis with the following parameters: 
alpha = .05, power = 0.95. The power analysis suggested 
that N = 40 is required to detect a difference between the 
variability conditions with 95% probability.

All participants provided informed consent to partici-
pate in the study. Participants were compensated with 
either course credits or RM5 for participation. The study 
was reviewed and approved by the Science and Engineering 
Research Ethics Committee (SEREC) at the University of 
Nottingham Malaysia (approval code: KSK270521).

Apparatus and materials. The White stimuli used in the 
face-learning task were identical to Ritchie and Burton 
(2017), which were kindly provided by the authors. Ten 
identities (five males and five females) were included for 
each stimulus race, totaling up to 20 identities. Identities 
used in the White stimuli consist of Australian celebrities 
(radio hosts, comedians, etc.), and identities used in the 
Chinese stimuli consist of Chinese celebrities (athletes, 
Esports players, etc.). Participants in this experiment 
should not be familiar with any of the identities shown in 

the task. In total, there were 20 high variability images and 
10 low variability images for each identity (i.e., 10 high 
variability and 10 low variability images for the study 
phase, and 10 high variability images for the test phase). 
The high variability images differed in terms of the person 
(hairstyle, age, clothing, facial expression, etc.) and condi-
tions (background, lighting, quality of image, etc.), 
whereas the low variability images differed in terms of 
facial expression and head angle but not in terms of hair-
style, age, clothing, and conditions (background, lighting, 
quality of image, etc.). For the Chinese stimuli, the high 
variability images were obtained by searching for the 
name of the celebrity on Google Images, whereas the low 
variability images were screenshots of interview videos 
found on YouTube by searching for the name of the celeb-
rity. The images (260 × 390 pixels) were presented on a 
gray background. A sample of low and high variability 
images can be found in Figure 1.

Procedure

Testable (https://www.testable.org/) was used to run the 
online experiment (Rezlescu et al., 2020). The task was 
presented in two blocks, Chinese stimuli and White stim-
uli, and the presentation order of these blocks was rand-
omized. Each block consists of two phases: learning and 
test. In the learning phase, 10 identities (10 images for 
each identity) were presented with their actual names 
above the image to be memorized. Faces were presented 

Figure 1. Sample stimuli for low variability (A) and high variability (B) conditions, featuring an identity that did not appear in 
the experiment. The test images were high variability images that were not used during the study phase. Actual stimuli used in 
experiment are not presented due to copyright restriction on the images.

https://www.testable.org/
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with their actual names (i.e., White faces were presented 
with White names and Chinese faces were presented with 
Chinese names), rather than common English names, as 
previous studies have found that associating faces with 
atypical names may influence the ORE (Stelter & Degner, 
2018). Each image was presented for 5,000 ms with an 
intertrial interval of 500 ms. Five identities were presented 
in the low variability condition, and five were presented in 
the high variability condition. The identities used for high 
and low variability conditions were counterbalanced. The 
name of the identity remained on screen throughout the 
presentation of images of each identity. At the end of the 
presentation of each identity, participants were asked to 
type the name of the identity that they had viewed. This 
was done to ensure that participants were attentive during 
the learning phase. Participants were allowed to take 
breaks in between the presentation of identities if required. 
The learning phase took approximately 10 min.

The test phase of the task consists of a name verifica-
tion task, which consists of 100 trials (10 identities × 10 
trials). Images presented in the test phase were novel high 
variability images. In each trial, the name was presented 
for 1,500 ms, followed by the test images, which were pre-
sented until a response. There was an intertrial interval of 
500 ms. Half of the trials were matched with the correct 
name, and the other half were mismatched (five matched 
trials and five mismatched trials for each identity). The 
names presented were only from the 10 identities’ names, 
no novel name was introduced. Female names were only 
used for female identities, and male names were only used 
for male identities in the mismatched trials. Participants 
were asked to indicate if the name matched the image pre-
sented as quickly and as accurately as possible. The keys 
used for response were “z” and “m.” The keys used for the 
“match” or “does not match” response, either right hand 
(“m”) or left hand (“z”), were counterbalanced. The test 
phase took about 5 min to complete. At the end of each 
block, participants were asked if they were familiar with 
any of the identities shown in the task. The whole experi-
ment lasted approximately 30 min.

Results

All data analysis was conducted using JASP (JASP Team, 
2022). Data from participants who had typed the name of 
the identity with one incorrect letter during the learning 
phase were included in the analysis (e.g., typing Fiffi when 
the actual name is Fifi). For participants (two Chinese 
Malaysians) who reported familiarity with less than half of 
the identities shown in the task in a single block (i.e., one 
identity), test trials involving the familiar identity were 
removed prior to the analysis. Mixed ANOVAs were con-
ducted to explore potential differences between own- and 
other-race identities learned in high and low variability con-
ditions. The datasets generated are available in the Open 
Science Framework (OSF) repository (https://osf.io/s43tb/).

Efficiency. A 2 (variability: high vs. low) × 2 (face race: 
Chinese vs. White) × 2 (participant race: Chinese Malay-
sian vs. White) mixed ANOVA was conducted on the effi-
ciency scores calculated by RCS (Figure 2). The analysis 
revealed a significant main effect of variability on effi-
ciency, F(1, 192) = 25.010, p < .001, ηp

2 = .115. Efficiency 
for the high variability condition (M = 0.529, SD = 0.241) 
was greater compared to the low variability condition 
(M = 0.495, SD = 0.221). The analysis also revealed a sig-
nificant main effect of face race, F(1, 192) = 78.159, 
p < .001, ηp

2 = .289, where White stimuli (M = 0.562, 
SD = 0.245) had higher efficiency compared to Chinese 
stimuli (M = 0.462, SD = 0.206). No main effect of partici-
pant race was found, F(1, 192) = 2.609, p = .108, ηp

2 = .013.
A significant interaction effect of face race and partici-

pant race was found, F(1, 192) = 70.254, p < .001, 
ηp
2 = .268. Chinese Malaysian participants showed no dif-

ference in efficiency between Chinese and White stimuli, 
F(1, 102) = .120, p = .730, η2 = .001, while White partici-
pants showed higher efficiency for White stimuli 
(M = 0.639, SD = 0.233) than Chinese stimuli (M = 0.431, 
SD = 0.169), F(1, 90) = 130.637, p < .001, η2 = .592. In 
addition, Chinese Malaysian participants (M = 0.489, 
SD = 0.208) showed higher efficiency compared to White 
participants (M = 0.431, SD = 0.169) for Chinese stimuli, 
F(1, 192) = 4.40, p = .037, η2 = .022. In contrast, for White 
stimuli, Chinese Malaysian participants showed lower 
efficiency (M = 0.494, SD = 0.208) compared to White par-
ticipants (M = 0.639, SD = 0.233), F(1, 192) = 20.966, 
p < .001, η2 = .098.

A significant interaction effect of variability and par-
ticipant race was found, F(1, 192) = 6.181, p = .014, 
ηp
2 = .031. Chinese Malaysian participants showed higher 

efficiency for high variability condition (M = 0.516, 
SD = 0.202) than low variability condition (M = 0.467, 
SD = 0.190), F(1, 102) = 33.440, p < .001, η2 = .247, while 
White participants showed no difference in efficiency for 
high and low variability conditions, F(1, 90) = 2.657, 
p = .107, η2 = .029. In terms of the low variability condi-
tion, Chinese Malaysian participants (M = 0.467, 
SD = 0.190) showed lower efficiency compared to White 
participants (M = 0.527, SD = 0.189), F(1, 192) = 4.827, 
p = .029, η2 = .025. No difference between Chinese 
Malaysian participants and White participants was found 
in the high variability condition, F(1, 192) = .937, p = .334, 
η2 = .005. Analysis showed no interaction effect of varia-
bility and face race, F(1, 192) = 3.376, p = .068, ηp

2 = .017, 
and variability, face race, and participant race, F(1, 
192) = 1.923, p = .167, ηp

2 = .010.

Discussion

Overall, our results showed that participants performed 
better in terms of efficiency for identities learned in a high 
variability condition compared to the identities learned in 
a low variability condition. In addition, White participants 

https://osf.io/s43tb/
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performed better in terms of efficiency for White stimuli 
compared to Chinese stimuli. However, Chinese Malaysian 
participants performed equally well for White stimuli and 
Chinese stimuli. Although White participants presented 
the expected ORE for Chinese faces, which is consistent 
with past work (Meissner & Brigham, 2001; Wong et al., 
2020), Chinese Malaysians did not present an ORE for 
White faces. This finding is in line with Tan et al. (2012), 
who found that Chinese Malaysian participants recognized 
East Asian and Western faces equally well (but see 
Estudillo et al., 2020). The absence of ORE for White 
faces may be due to high exposure to Western culture in 
Malaysia, as evident from the preference for Hollywood 
films over local films in Malaysia (Kit & Chuan, 2012; 
Sriganeshvarun & Abdul Aziz, 2019). This is aligned with 
the contact hypothesis, where we tend to develop a higher 
level of perceptual expertise for faces that are more often 
seen in our everyday lives (Rossion & Michel, 2011). 
Viewing Hollywood films may have increased Chinese 
Malaysian participants’ perceptual expertise for White 
faces, which in turn reduced the ORE for White faces. 
However, it is important to note that while some studies 
propose that interracial exposure and the magnitude of the 
ORE are not significantly correlated (Wong et al., 2020), 
others have suggested a reduction in the ORE with 
increased exposure (Estudillo et al., 2020; Singh et al., 
2022).

Since Chinese Malaysians did not show an ORE for 
White faces, only White participants could be used to 
examine if other-race identities (i.e., Chinese) learned in a 
high variability condition had better recognition compared 
to the other-race identities learned in a low variability con-
dition. Based on the results and graphs in Figure 2 for 
White participants, there were no differences in efficiency 
for other-race identities learned in high variability condi-
tions and low variability conditions.

One limitation of this experiment is that the name veri-
fication task requires participants to memorize the name 
and the face to perform accurately during the testing phase. 
However, White participants may be unfamiliar with 
Chinese names, which could deter face learning and name-
matching accuracy for the Chinese identities. This is dem-
onstrated by the high percentage of White participants who 
entered names inaccurately during the learning stage: 33 of 
the 41 participants who did so were White participants, 
whereas the remaining 8 were Chinese Malaysian partici-
pants. Therefore, in Experiment 2, we employed an old-
new recognition paradigm that does not require precise 
name memorization during the testing phase.

Experiment 2

In Experiment 2, participants learned own- and other-race 
identities in high and low variability conditions as in 

Figure 2. Efficiency plotted separately for White and Chinese Malaysian participants in Experiment 1.
Note. Error bars represent 95% confidence intervals.
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Experiment 1, but they were tested with an old-new face 
recognition paradigm as opposed to a name verification 
task. Similar to Experiment 1, we recruited Chinese 
Malaysian and White participants for this experiment.

Methods

Design. A mixed design was implemented. The within-
subject factors were variability (high and low) and stimuli 
(Chinese and White), and the between-subject factor was 
participant race (Chinese Malaysian and White). Similar to 
Experiment 1, the dependent variable was efficiency, but 
in this experiment, we also included d-prime (d′), which 
evaluates participants’ ability to distinguish between sig-
nal (stimuli) and noise (absence of stimuli) (Macmillan & 
Creelman, 2005; Stanislaw & Todorov, 1999). We 
included d′ for Experiment 2 because, in contrast to Exper-
iment 1, the old-new recognition paradigm enables the cal-
culation of false alarm rates.

Participants. Chinese Malaysian participants were 
recruited by advertising the study on the University of 
Nottingham Malaysia’s social media page, while White 
participants were recruited through the Psychology Depart-
ment’s SONA system at Bournemouth University. In total, 
129 Chinese Malaysian and 135 White participants took 
part in this experiment, but the final sample included 95 
Chinese Malaysian (63 females, 1 other) and 96 White (84 
females, 2 others) aged between 18 to 67 years 
(M = 21.59 years, SD = 4.78 years). Data from 73 partici-
pants were excluded from further analysis due to: (a) racial 
background being neither Chinese Malaysian nor White 
(1); (b) median reaction time below 500 ms or accuracy 
rates below chance level (50%) (31); (c) inaccurate 
responses in the learning stage indicating inattentive 
behavior during the experiment (40); or (d) accidental rep-
etition of the experiment (1).

The results of an a priori power analysis conducted 
using G*Power 3.1 (Faul et al., 2009) were as in Experiment 
1. A large effect size (ηp

2 = .14) was estimated and the 
power analysis suggested that N = 40 is required to detect a 
difference between the variability condition with 95% 
probability. All participants have provided informed con-
sent to participate in the study. Participants were compen-
sated with either course credits or RM5 for participation. 
The study has been reviewed and approved by the SEREC 
at the University of Nottingham Malaysia (approval code: 
KSK270521).

Apparatus and materials. For both White and Chinese stim-
uli, the high variability images were obtained by searching 
for the name of the celebrity on Google Images, whereas 
the low variability images were screenshots of interview 
videos found on YouTube by searching for the name of the 
celebrity. We employed a new set of White and Chinese 

stimuli in this study to prevent familiarity with the stimuli 
used in Experiment 1. Twenty identities (10 males and 10 
females) were included for each race, totaling up to 20 
identities. Identities used in the White stimuli consist of 
American and Australian celebrities (athletes, models, tel-
evision presenters, etc.), and identities used in the Chinese 
stimuli consist of Chinese celebrities (athletes, etc.). Par-
ticipants recruited in this experiment should not be famil-
iar with any of the identities shown in the task. In total, 
there were 15 high variability images and 10 low variabil-
ity (i.e., 10 high variability and 10 low variability images 
for the study phase, and 5 high variability images for the 
test phase) images for each identity. The images 
(260 × 390 pixels) were presented on a gray background.

Procedure

Testable was used to run the online experiment (Rezlescu 
et al., 2020). The task was presented in two blocks, Chinese 
stimuli and White stimuli, in randomized order. Each block 
consists of two phases: learning and test. The learning 
phase was as in Experiment 1. In this study, six Chinese 
names were modified to facilitate name memorization in 
the learning phase (e.g., MoSheung to MoShen). The 
names were included in the experiment to aid participants 
in differentiating the faces and to ensure that participants 
were attentive during the learning phase. However, it was 
not required for participants to recognize the names during 
the test phase.

The test phase of the task consisted of a recognition 
memory task, which consisted of 100 trials (10 identi-
ties × 10 trials). Images presented in the test phase were 
novel high variability images. In each trial, the test images 
without names were presented until a response. There was 
an intertrial interval of 500 ms. Half of the trials were 
images of identities which have been presented in the 
learning stage, and the other half were novel identities. 
Participants were asked to indicate if the identity shown 
had been presented in the learning stage or not as quickly 
and as accurately as possible. The keys used for response 
were “z” and “m.” The keys used for “have seen the iden-
tity in the learning stage” or “have not seen the identity 
before” responses, either the right hand (“m”) or left hand 
(“z”), were counterbalanced. The test phase took about 
5 min to complete. Identities used in the learning phase and 
novel identities in the test phase were counterbalanced. At 
the end of each block, participants were asked if they were 
familiar with any of the identities shown in the task. The 
whole experiment lasted approximately 30 min.

Results1

Data from participants who had typed the name of the 
identity with just one incorrect letter during the learning 
phase were included in the analysis. For participants who 
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were familiar with fewer than half of the identities shown 
in the task (i.e., fewer than 5 out of 10 identities in each 
block) (four Chinese Malaysians), test trials involving the 
familiar identity were removed prior to the analysis. For 
the efficiency analysis, we conducted our analysis using 
only the trials featuring identities that were presented dur-
ing the learning stage (i.e., hit trials) and excluded trials 
with novel identities (for a similar procedure, see 
Longmore et al., 2008). The reason was that the identities 
presented during the learning stage varied on two factors 
(high and low variability), while the distractors only varied 
on one factor (novel identities). Since the variability 
manipulation only applies to old but not new trials, d′ was 
calculated based on the same false alarm rate for high vari-
ability and low variability conditions. The psycho package 
in R was used to calculate d′ (Makowski, 2018). Mixed 
ANOVAs were conducted to explore potential differences 
between own- and other-race identities learned in high and 
low variability conditions. The datasets generated are 
available in the OSF repository (https://osf.io/s43tb/).

Efficiency. A 2 (variability: high vs. low) × 2 (face race: 
Chinese vs. White) × 2 (participant race: Chinese Malay-
sian vs. White) mixed ANOVA was conducted on effi-
ciency calculated by RCS (Figure 3). The analysis revealed 
a significant main effect of variability, F(1, 189) = 524.991, 
p < .001, ηp

2 = .735. Efficiency for high variability condi-
tion (M = 0.668, SD = 0.248) was higher compared to the 
low variability condition (M = 0.381, SD = 0.188). No main 
effect of face race, F(1, 189) = 3.862, p = .051, ηp

2 = .020, or 
participant race, F(1, 189) = 1.080, p = .300, ηp

2 = .006, was 
found.

Results showed a significant interaction effect of vari-
ability and participant race, F(1, 189) = 5.420, p = .021, 
ηp
2 = .028. High variability condition (M = 0.666, 

SD = 0.209) had higher efficiency compared to low varia-
bility condition (M = 0.408, SD = 0.163) for White partici-
pants, F(1, 95) = 248.565, p < .001, η2 = .723, and Chinese 
Malaysian participants (high variability condition: 
M = 0.670, SD = 0.221; low variability condition: M = 0.353, 
SD = 0.152), F(1, 94) = 276.833, p < .001, η2 = .747. 
Chinese Malaysian participants and White participants 
showed no difference in efficiency in the high variability 
condition, F(1, 189) = .017, p = .897, η2 = 8.923e-5. In the 
low variability condition, White participants (M = 0.408, 
SD = 0.163) showed higher efficiency compared to Chinese 
Malaysian participants (M = 0.353, SD = 0.152), F(1, 
189) = 5.692, p = .018, η2 = .029.

Analysis revealed no interaction effect of face race and 
participant race, F(1, 189) = 2.128, p = .146, ηp

2 = .011. No 
interaction effect was found between variability and face 
race, F(1, 189) = 1.547, p = .215, ηp

2 = .008, and between 
variability, face race, and participant race, F(1, 189) = 3.359, 
p = .068, ηp

2 = .017.

d-Prime. A 2 (variability: high vs. low) × 2 (face race: Chi-
nese vs. White) × 2 (participant race: Chinese Malaysian 
vs. White) mixed ANOVA was conducted on d′ (Figure 3). 
The analysis revealed a significant main effect of variabil-
ity on d′, F(1, 189) = 540.223, p < .001, ηp

2 = .741. d′ for the 
high variability condition (M = 1.470, SD = 0.761) was 
higher compared to the low variability condition 
(M = 0.731, SD = 0.605). The analysis also revealed a sig-
nificant main effect of face race, F(1, 189) = 17.028, 

Figure 3. Efficiency and d-prime plotted separately for White and Chinese Malaysian participants in Experiment 2.
Note. Error bars represent 95% confidence intervals.

https://osf.io/s43tb/
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p ≤ .001, ηp
2 = .083, where White stimuli (M = 1.191, 

SD = 0.791) had higher d′ compared to Chinese stimuli 
(M = 1.011, SD = 0.760). No effect of participant race was 
found, F(1, 189) = 1.353, p = .246, ηp

2 = .007. Results 
showed a significant interaction effect between variability 
and participant race, F(1, 189) = 7.976, p = .005, ηp

2 = .040, 
and between face race and participant race, F(1, 
189) = 83.901, p < .001, ηp

2 = .307. No interaction effect of 
variability and face race was found, F(1, 189) = .608, 
p = .436, ηp

2 = .003.
A significant interaction was found between variability, 

face race, and participant race, F(1, 189) = 7.108, p = .008, 
ηp
2 = .036. To further explore this three-way interaction, we 

ran a 2 (variability: high vs. low) × 2 (face race: Chinese 
vs. White) ANOVA for Chinese Malaysian participants 
and White participants separately. For White participants, 
we found a significant main effect of variability, F(1, 
95) = 253.052, p < .001, ηp

2 = .727, where the high variabil-
ity condition (M = 1.384, SD = 0.607) had a higher d′ com-
pared to the low variability condition (M = 0.734, 
SD = 0.502). The analysis also revealed a significant main 
effect of face race, F(1, 95) = 84.264, p < .001, ηp

2 = .470, 
whereby White participants showed higher d′ for White 
stimuli (M = 1.346, SD = 0.695) compared to Chinese stim-
uli (M = 0.772, SD = 0.494). No interaction effect of varia-
bility and face race was found, F(1, 95) = 1.870, p = .175, 
ηp
2 = .019.

For Chinese Malaysian participants, we found a signifi-
cant interaction effect of variability and face race, F(1, 
94) = 5.656, p = .019, ηp

2 = .057. Simple main effects analy-
sis revealed that Chinese Malaysian participants showed 
higher d′ for Chinese stimuli (M = 1.715, SD = 0.708) com-
pared to White stimuli (M = 1.401, SD = 0.730) in the high 
variability condition, F(1, 94) = 16.601, p < .001, η2 = .150, 
while no difference was found in the low variability condi-
tion, F(1, 94) = 3.301, p = .072, η2 = .034. In addition, 
Chinese Malaysian participants showed higher d′ for the 
high variability condition (M = 1.715, SD = 0.708) com-
pared to the low variability condition (M = 0.789, 
SD = 0.582) for Chinese stimuli, F(1, 94) = 250.078, 
p < .001, η2 = .727, and White stimuli, F(1, 94) = 116.099, 
p < .001, η2 = .553 (high variability: M = 1.401, SD = 0.730; 
low variability: M = 0.668, SD = 0.502).

We also ran complementary analyses to explore the 
three-way interaction for each race and variability level. 
For Chinese stimuli, a 2 (variability: high vs. low) × 2 
(participant race: Chinese vs. White) ANOVA revealed a 
significant interaction between variability and participant 
race, F(1, 189) = 16.212, p < .001, ηp

2 = .079. Simple main 
effects analysis revealed that for Chinese stimuli, Chinese 
Malaysian participants showed higher d′ (M = 1.715, 
SD = 0.708) compared to White participants (M = 1.071, 
SD = 0.621) in the high variability condition, F(1, 
189) = 44.676, p < .001, η2 = .191, and the low variability 
condition, F(1, 189) = 15.930, p < .001, η2 = .078 (Chinese 

Malaysian participants: M = 0.789, SD = 0.582; White par-
ticipant: M = 0.474, SD = 0.508). Additionally, higher d′ 
was found for the high variability condition (M = 1.715, 
SD = 0.708) compared to the low variability condition 
(M = 0.789, SD = 0.582) for Chinese Malaysian partici-
pants, F(1, 94) = 250.078, p < .001, η2 = .727, and White 
participants, F(1, 95) = 109.992, p < .001, η2 = .537 (high 
variability: M = 1.071, SD = 0.621; low variability: 
M = 0.474, SD = 0.508) in terms of Chinese stimuli.

For White stimuli, we found a significant main effect of 
variability, F(1, 189) = 268.310, p < .001, ηp

2 = .587, where 
the high variability condition (M = 1.550, SD = 0.776) had 
a higher d′ compared to the low variability condition 
(M = 0.832, SD = 0.627). The analysis also revealed a sig-
nificant main effect of participant race, F(1, 189) = 12.121, 
p < .001, ηp

2 = .060, where White participants (M = 1.346, 
SD = 0.695) had a higher d′ compared to Chinese Malaysian 
participants (M = 1.034, SD = 0.531). No significant inter-
action effect of variability and participant race was found, 
F(1, 189) = .123, p = .726, ηp

2 = 6.502e-4.
Finally, we also ran a 2 (face race: Chinese vs. 

White) × 2 (participant race: Chinese vs. White) ANOVA 
for the high variability and the low variability conditions 
separately. In terms of the high variability condition, we 
found a significant interaction effect of face race and par-
ticipant race, F(1, 189) = 74.979, p < .001, ηp

2 = .284. 
Simple main effects analysis revealed that in the high vari-
ability condition, Chinese Malaysian participants showed 
a higher d′ (M = 1.715, SD = 0.708) compared to White par-
ticipants (M = 1.071, SD = 0.621) for Chinese stimuli, F(1, 
189) = 44.676, p < .001, η2 = .191. In terms of White stim-
uli, a lower d′ was found for Chinese Malaysian partici-
pants (M = 1.401, SD = 0.730) compared to White 
participants (M = 1.697, SD = 0.795), F(1, 189) = 7.211, 
p = .008, η2 = .037. In addition, higher d′ was found for 
Chinese stimuli (M = 1.715, SD = 0.708) compared to 
White stimuli (M = 1.401, SD = 0.730) for Chinese 
Malaysian participants, F(1, 94) = 16.601, p < .001, 
η2 = .150. For White participants, it was found that Chinese 
stimuli (M = 1.071, SD = 0.621) had lower d′ compared to 
White stimuli (M = 1.697, SD = 0.795), F(1, 95) = 66.944, 
p < .001, η2 = .413, in the high variability condition.

In terms of the low variability condition, a significant 
interaction effect of face race and participant race was 
found, F(1, 189) = 44.023, p < .001, ηp

2 = .189. Simple 
main effects analysis revealed that in the low variability 
condition, Chinese Malaysian participants showed higher 
d′ (M = 0.789, SD = 0.582) compared to White participants 
(M = 0.474, SD = 0.508) for Chinese stimuli, F(1, 
189) = 15.930, p < .001, η2 = .078. In terms of White stim-
uli, lower d′ was found for Chinese Malaysian participants 
(M = 0.668, SD = 0.502) compared to White participants 
(M = 0.995, SD = 0.694), F(1, 189) = 13.923, p < .001, 
η2 = .069. In addition, no difference in d′ was found 
between Chinese stimuli and White stimuli for Chinese 
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Malaysian participants, F(1, 94) = 3.301, p = .072, η2 = .034. 
For White participants, it was found that Chinese stimuli 
(M = 0.474, SD = 0.508) had lower d′ compared to White 
stimuli (M = 0.995, SD = 0.694), F(1, 95) = 55.219, 
p < .001, η2 = .368, in the low variability condition.

Discussion

Similar to Experiment 1, our results showed that partici-
pants performed better in terms of efficiency and d′ for 
identities learned in the high variability condition com-
pared to the identities learned in the low variability condi-
tion. Although our results showed no ORE for White and 
Chinese Malaysian participants in the efficiency measure, 
both White and Chinese Malaysian participants exhibited 
an ORE for other-race faces in the d′ measure. Interestingly, 
the ORE exhibited by Chinese Malaysian participants was 
only observed in the high variability condition and was not 
evident in the low variability condition. The contrasting 
results between efficiency and d′ measure could poten-
tially be attributed to the fact that efficiency solely encom-
passes old trials (faces that were previously learned), 
whereas d′ encompasses both old and new trials (faces that 
were novel). This suggests that the ORE may be more pro-
nounced when making decisions to reject faces (i.e., indi-
cating that a face was not seen before) as opposed to 
confirming familiarity (i.e., acknowledging that a face was 
previously learned). In addition, the efficiency score com-
bines both accuracy and reaction time, whereas d′ includes 
only accuracy. This suggests that the ORE may be less pro-
nounced when reaction time is also considered.

Despite these findings, the precise reasons behind the 
presence of the ORE in Chinese Malaysian participants 
exclusively in the high variability condition and its absence 
in the low variability condition remain unclear. Based on 
our results, own- and other-race identities learned in the 
high variability condition had higher efficiency and d′ 
compared to the low variability condition. This demon-
strates that identities learned in high variability conditions 
benefited both own- and other-race face learning.

General discussion

We aimed to examine the effect of high and low within-
person variability exposure for own- and other-race face 
learning. Own- and other-race identities were learned in 
high and low variability conditions and identity recogni-
tion was tested using a name verification task in Experiment 
1 and an old-new recognition paradigm in Experiment 2.

We found enhanced own-race face learning for identi-
ties learned in the high variability condition compared to 
the low variability condition across Experiment 1 and 
Experiment 2. This finding is in line with previous work, 
which found that multiple exposures to own-race faces in 
high within-person variability stimuli sets is more 

advantageous for identity learning as compared to low 
within-person variability, as demonstrated in a face-match-
ing task (Menon et al., 2015; Ritchie & Burton, 2017), 
name verification task (Ritchie & Burton, 2017), and iden-
tity-sorting task (Baker et al., 2017).

To examine if identities learned in a high variability 
condition enhanced other-race face learning compared to 
the identities learned in a low variability condition, we 
mainly examined White participants in Experiment 1, as 
Chinese Malaysian participants did not exhibit an ORE for 
White faces. In Experiment 1, we found no difference in 
the performance of other-race face learning for identities 
learned in the high variability condition and the low vari-
ability condition. However, we implemented a name veri-
fication task in Experiment 1, which required participants 
to precisely memorize the name and the face to perform 
accurately during the testing phase. While Chinese partici-
pants may be familiar with White names (Kit & Chuan, 
2012; Sriganeshvarun & Abdul Aziz, 2019), White partici-
pants may be unfamiliar with Chinese names, which could 
deter face and name-matching accuracy for the Chinese 
identities. This is demonstrated by the high percentage of 
White participants who entered the names inaccurately 
during the learning stage: 33 of the 41 participants who did 
so were White participants, whereas the remaining eight 
were Chinese Malaysian participants.

Instead of name verification, in Experiment 2, an old-
new recognition paradigm was implemented. Experiment 
2 revealed that identities learned in the high variability 
condition benefited other-race face learning in comparison 
to the low variability condition. While it has been demon-
strated that exposure to identities with within-person vari-
ability can improve other-race face recognition compared 
to a single image of identities (Cavazos et al., 2019; 
Matthews & Mondloch, 2018), our findings indicate that 
identities learned in high variability condition could fur-
ther improve other-race face recognition compared to 
identities learned in low variability condition, which is in 
line with the findings of Zhou et al. (2018). This suggests 
that different levels of variation during multiple exposures 
to other-race faces could affect identity learning, where 
higher variation of faces would lead to improved other-
race face learning.

Our findings revealed that even though there were con-
sistent changes in external features in the high variability 
condition, and previous research suggests that external 
features are typically prioritized when processing other-
race faces (Havard, 2021; Sporer & Horry, 2011; Wong 
et al., 2020), participants in our study were able to rely on 
the internal features of other-race faces in the high varia-
bility condition when the external features were consist-
ently changing. According to the cost-effective mechanism 
for face learning (Devue et al., 2021; Reedy & Devue, 
2019), variability in face appearance could lead to detailed 
encoding of internal features and enhanced learning of 
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faces. Altogether, our results across Experiment 1 and 
Experiment 2 suggest that the identities learned in high 
variability conditions may only benefit other-race face rec-
ognition but not the association of other-race faces and 
names when the names are unfamiliar. In addition, high 
variability benefits own-race face recognition and the 
association of own-race faces and names.

Our results also show inconsistencies in the presence of 
the ORE across Experiment 1 and Experiment 2 and in dif-
ferent measures (i.e., efficiency and d′). In Experiment 1, 
White participants exhibited the ORE for Chinese faces, 
while Chinese Malaysian participants did not exhibit the 
ORE for White faces. As discussed earlier, this may be due 
to high exposure to Western culture in Malaysia (Kit & 
Chuan, 2012; Sriganeshvarun & Abdul Aziz, 2019). In 
Experiment 2, we found no ORE for either White or 
Chinese Malaysian participants in the efficiency measure, 
while all participants exhibited the ORE in the d′ measure. 
The contrasting results between the efficiency and d′ meas-
ures could be because efficiency solely encompasses old 
trials (faces that were previously learned), while d′ encom-
passes both old and new trials (faces that were novel). This 
suggests that the ORE may be more pronounced when 
making decisions to reject faces (i.e., indicating that a face 
was not seen before) as opposed to confirming familiarity 
(i.e., acknowledging that a face was previously learned). In 
addition, the efficiency score combines both accuracy and 
reaction time, whereas d′ includes only accuracy, suggest-
ing that the ORE may be less pronounced when reaction 
time is also considered. Thus, based on results from both 
experiments, the presence of ORE may depend on the task 
characteristics and the measures used.

Interestingly, we also found that the ORE exhibited by 
Chinese Malaysian participants was only observed in the 
high variability condition and was not evident in the low 
variability condition in Experiment 2. However, the pre-
cise reasons behind the presence of the ORE in Chinese 
Malaysian participants exclusively in the high variability 
condition remain unclear. It is possible that a combination 
of factors, including exposure to White faces in Malaysia, 
differences in tasks and samples across Experiments 1 and 
2, and stimuli selection, might explain this finding.

Despite our findings, our study is subject to several 
limitations. First, we did not incorporate an eye-tracking 
task to validate participants’ attention to specific facial fea-
tures, whether internal or external. The absence of eye-
tracking data limits our ability to draw strong conclusions 
about the participants’ reliance on internal features in the 
high variability images. Including an eye-tracking meas-
ure would provide fixation data on the external and inter-
nal features of the face when low and high variability 
images are presented. Second, the stimuli comprising 
White faces obtained from Ritchie and Burton (2017) and 
additional stimuli generated for Experiments 1 and 2 were 
not controlled for levels of variability across faces. Thus, it 

is possible that the identities employed in our experiment 
exhibit varying degrees of variability in the high variabil-
ity condition. A pilot study could be conducted in which 
participants rate the level of variability for each set of high 
variability images for each identity before the actual study. 
These limitations underscore the need for future research 
to address these factors and enhance the robustness of our 
findings.

In sum, we found enhanced own-race face learning for 
identities learned in a high variability condition compared 
to a low variability condition. Our results revealed that 
identities learned in high variability conditions benefit 
only other-race face recognition, but not face-name asso-
ciation of other-race faces, as compared to identities 
learned in low variability conditions. This suggests that 
high within-person variation during multiple exposures to 
faces could lead to detailed encoding of internal features, 
which refines the resolution of the representation not only 
for own-race faces but also for other-race faces.
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