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Abstract

People are more accurate at recognizing faces of their own race than faces from other
races, a phenomenon known as the other-race effect. Other-race effects have also been
reported in some perceptual tasks. Across three experiments, White and Chinese participants
completed recognition tests as well as the complete paradigm of the composite task, which
measures participants’ abilities to selectively attend to the target region of a face while
ignoring the task-irrelevant region of the face. Each task was completed with both own- and
other-race faces. At a group level, participants showed significant own-race effects in
recognition, but not in the composite task. At an individual difference level, the results
provided no support for the hypothesis that a deficit in holistic processing for other-race faces
drives the other-race effect in recognition. We therefore conclude that the other-race effect in

recognition is not driven by the processes that underpin the composite effect.

Keywords: Face perception, holistic processing, composite task, other-race effect, own-race

bias.
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The Other-Race Effect in Perception and Recognition: Insights from the Complete Composite
Task

The remarkable capacity of the human visual system to discriminate between faces is
thought to be underpinned by holistic processing (Maurer, Le Grand, & Mondloch, 2002;
Tanaka & Farah, 1993). Yet people have difficulty discriminating between faces from ethnic
and racial groups other than their own (e.g., Herrmann, Schreppel, Jager, Ehlis, & Fallgatter,
2007; Lindsay, Jack, & Christian, 1991; Walker & Tanaka, 2003), an effect that translates
into a robust memory deficit for other-race faces (Malpass & Kravitz, 1969; Meissner &
Brigham, 2001; Sporer, 2001). It has been suggested that other-race faces may be processed
less holistically than own-race faces (Rossion & Michel, 2011), yet support for this
hypothesis varies across tasks (see Hayward, Crookes, & Rhodes, 2013, for a review). Here,
we investigated the other-race effect in the complete paradigm of the composite task, which
measures failures to selectively attend to one region of a face (Young, Hellawell, & Hay,
1987; Richler, Cheung, & Gauthier, 2011a). Across three experiments, we adopt an
individual differences approach, correlating performance on the composite and recognition
tasks. To foreshadow our key findings, the results suggested that other-race faces are
processed holistically, and they provided no support for the hypothesis that a holistic
processing impairment drives the other-race effect in recognition.
The Other-Race Effect

The other-race effect is the widely replicated finding that people generally recognize
faces of their own race more accurately than faces of other races (Malpass & Kravitz, 1969;
Meissner & Brigham, 2001). Two main theoretical explanations of the other-race effect in
recognition have been advanced (for a recent review, see Hugenberg, Young, Bernstein, &

Sacco, 2010). One account suggests that extensive experience with own-race faces optimizes
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the perceptual system for individuating own-race faces, but that this experience does not
generalize well to other-race faces. Recent studies with infants have provided compelling
evidence that the other-race effect emerges over the first nine months of life (Kelly et al.,
2007). However, with sufficient exposure to other-race faces during this period, the
emergence of the other-race effect can be delayed (Heron-Delaney et al., 2011; Sangrigoli &
de Schonen, 2004; see also Spangler et al., 2013). The other account suggests that social
categorization processes influence the way that other-race faces are perceived and recognized
because out-group categorization of other-race faces is automatic (Levin, 2000), and leads to
fewer cognitive resources being expended on individuation (Hugenberg et al., 2010; Sporer,
2001). Compelling support for this account comes from studies that have found recognition
biases analogous to the other-race effect for ambiguous-race faces (e.g., MacLin & Malpass,
2001) and for own-race faces that are considered to be out-group members along some other
salient social dimension (Bernstein, Young, & Hugenberg, 2007; Rule, Ambady, Adams, &
MacRae, 2007). Given the strong support for the roles of experience and categorization in the
other-race effect, recent models have attempted to synthesize the two positions (Hugenberg,
Wilson, See, & Young, 2013).

Though the other-race effect has been investigated most extensively in recognition
memory, over recent years many studies have examined the other-race effect in perception
using a wide variety of methods (e.g., Golby, Gabrieli, Chiao, & Eberhardt, 2001; Goldinger,
He, & Papesh, 2009; Herrmann et al., 2007). This body of research strongly suggests that the
other-race effect in recognition stems, at least in part, from how faces are encoded. But what
mechanism could underpin differences in encoding? The most thoroughly explored
possibility is that other-race faces engage holistic processing to a lesser degree than own-race

faces, either through lack of expertise (Bukach, Cottle, Ubiwa, & Miller, 2012) or reduced



HOLISTIC PROCESSING OF OTHER-RACE FACES 5

motivation to individuate (Michel, Corneille, & Rossion, 2007). Holistic processing is widely
considered to be the hallmark of human face perception, allowing us to discriminate between
many thousands of faces with relative ease (see Maurer et al., 2002, for a review), though
researchers debate whether holistic processing is specific to faces or whether it is co-opted for
objects of high visual expertise (Robbins & McKone, 2007, versus A. C.-N. Wong, Palmeri,
& Gauthier, 2009).

Methodologies for Studying Holistic Processing

Two methodologies have been widely used for studying holistic processing: The part-
whole task (Tanaka & Farah, 1993), and the same/different composite task (Hole, 1994;
hereafter, the composite task). In the part-whole task, participants attempt to recognize facial
features shown in isolation or in the context of a whole face. Holistic processing is inferred
from a recognition advantage for whole-face trials over part trials. Using the part-whole task,
several studies have documented a larger whole-part advantage for own-race faces than for
other-race faces in White participants, but (for as yet unknown reasons) not in Asian
participants (Crookes, Favelle, & Hayward, 2013; DeGutis, Mercado, Wilmer, & Rosenblatt,
2013; Michel, Caldara, & Rossion, 2006; Mondloch et al., 2010; Tanaka, Kiefer, & Bukach,
2004).

In the composite task, two face halves are combined to create composite faces.
Participants study one composite face and are then tested with another. They are required to
make rapid same/different judgments about one half of the face (e.g., the top half) while
ignoring the other half (e.g., the bottom half). Usually, two types of trials are compared: trials
in which the two face halves are horizontally aligned, thus creating the percept of a whole
face; and trials in which the two face halves are horizontally misaligned, disrupting the

percept of a whole face (e.g., Michel, Rossion, Han, Chung, & Caldara, 2006; Richler,
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Cheung, et al., 2011a). Holistic processing is inferred if the task-irrelevant part of the face
interferes with performance (by reducing accuracy and/or increasing reaction times) when the
face halves are aligned to a greater degree than when they are misaligned. Thus, the
composite task provides a measure of participants’ abilities to selectively attend to one region
of a face while ignoring another region of the face.

There are two versions of the composite task — the “partial” and “complete”
paradigms (see Figure 1). In the partial paradigm, the top half of the test face can be the same
as or different to the studied face, but the bottom half is always different to the studied face
(e.g., Hole, 1994; Michel, Rossion, et al., 2006; Weston & Perfect, 2005). In the complete
paradigm, both the top half and the bottom half can be the same as or different to the studied
face, creating the four types of trial shown in Figure 1 (e.g., Farah, Wilson, Drain, & Tanaka,
1998; Gauthier, Curran, Curby, & Collins, 2003; Richler, Cheung, et al., 2011a). Congruent
trials (unshaded in Figure 1) are those in which the two face halves are both the same as, or
both different to the studied face. These trials do not require selective attention, as a
participant could make a fast and accurate response by attending to the whole face.
Incongruent trials (shaded in grey in Figure 1) are those in which one half of the test face is
the same as the studied face but the other half is different to the studied face. Selective
attention to the task-relevant part of the face is required to respond accurately in these trials.
Thus, holistic processing is inferred from the difference in performance between congruent
and incongruent trials.

In the complete paradigm, discriminability is calculated from the hit rate (*same”
responses to same trials) and the false alarm rate (“same” responses to different trials).
Holistic processing is inferred if discriminability is higher on congruent trials than on

incongruent trials (e.g., Gauthier et al., 2003). Furthermore, this congruency effect is larger
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when the face halves are aligned than when they are misaligned, creating a Congruency x
Alignment interaction (e.g., DeGutis, Wilmer, Mercado, & Cohan, 2013; Z. Gao, Flevaris,
Robertson, & Bentin, 2011; Richler, Cheung, et al., 2011a; Richler, Cheung, & Gauthier,
2011b). In the partial paradigm, only same trials are analysed. Holistic processing is inferred
from an alignment effect, whereby accuracy is higher (or reaction times are slower) on
misaligned trials than on aligned trials (e.g., Hole, 1994; Konar, Bennett, & Sekuler, 2010;
Michel et al., 2007; Michel, Rossion, et al., 2006). Thus, the partial paradigm looks only at
the hit rate, which leaves it vulnerable to response biases (see Richler, Cheung, et al., 2011b,
for a detailed critique of the partial paradigm). Response bias has been shown to vary with
congruency (Z. Gao et al., 2011; Richler, Cheung et al., 2011b), alignment (Cheung, Richler,
Palmeri, & Gauthier, 2008; Richler, Bukach, & Gauthier, 2009), and their interaction (Z. Gao
et al., 2011; Richler, Gauthier, Wenger, & Palmeri, 2008). Crucially, there is no way to
control for these response biases in the partial paradigm, as congruency is fully confounded
with the correct response (same trials are always incongruent, while different trials are always
congruent — see Figure 1).

The complete and partial paradigms have produced qualitatively different results on a
number of issues, including the role of low spatial frequencies in face perception (Cheung et
al., 2008, vs. Goffaux & Rossion, 2006) and the influence of local and global priming on face
perception (Z. Gao et al., 2011, vs. Weston & Perfect, 2005). It is, therefore, important to
consider which paradigm provides the better construct validity. As already argued, the partial
paradigm is susceptible to response biases that are unrelated to holistic processing (Richler,
Cheung, et al., 2011b). Furthermore, the complete paradigm correlates with another common
measure of holistic processing, the part-whole task, whereas the partial paradigm does not

(DeGutis, Wilmer, et al., 2013; Wang, Li, Fang, Tian, & Liu, 2012). Thus, the complete
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paradigm has convergent validity that is lacking for the partial paradigm. And importantly,
individual differences in holistic processing as measured by the complete paradigm have been
found to correlate with individual differences in face recognition (DeGutis, Wilmer, et al.,
2013; Richler, Cheung, et al., 2011a), whereas individual differences in holistic processing as
measured by the partial paradigm have not (Konar et al., 2010, Wang et al., 2012).

It is important to note that, from the participant’s perspective, the partial and complete
paradigms are identical. In both cases, participants make same/different judgments about one
part of a stimulus while attempting to ignore an irrelevant part. There is no theoretical reason
to expect participants to use different strategies or to recruit different perceptual mechanisms
across the two tasks. Indeed, performance on the partial paradigm trials is similar whether
they are incorporated into the complete paradigm or run in isolation (Richler, Cheung, et al.,
2011a). Thus, qualitative differences in the results arising from the partial and complete
paradigms cannot be explained by different perceptual or cognitive mechanisms. Rather,
these differences seem to be a consequence of the poor construct validity of the partial
paradigm (Richler & Gauthier, 2014).

A number of studies have investigated the other-race effect (and other in-group/out-
group effects) using the composite task. In fact, the other-race effect is a prime example of
how the partial and complete paradigms have led to qualitatively different conclusions. Of
four studies using the partial paradigm, three reported a larger composite effect for own-race
(or in-group) faces than for other-race (or out-group) faces (Hugenberg & Corneille, 2009;
Michel, Rossion, et al., 2006; Michel et al., 2007), while one reported no significant
difference between own- and other-race faces (Mondloch et al., 2010). In contrast, at least to
the authors’ knowledge, three published papers using the complete paradigm have found that

the composite effect is similarly strong for other-race faces as for own-race faces (Bukach et
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al., 2012; Curby, Johnson, & Tyson, 2012; Harrison, Gauthier, Hayward, & Richler, 2014).
Given that there is now compelling evidence to favour the complete paradigm over the partial
paradigm (Richler & Gauthier, 2014), the extant data suggest that, at a group level, there is no
difference in the magnitude of the composite effect for own- and other-race faces.

In this paper, we take an individual differences approach to other-race face
perception. Across three experiments, White and Chinese participants completed composite
tasks (using the complete paradigm) and recognition tasks for own- and other-race faces. We
first correlated recognition accuracy with the composite effect, separately for own- and other-
race faces. Two recent studies have shown that individual differences in the magnitude of the
composite effect positively correlate with face recognition ability (DeGuitis et al, 2013;
Richler, Cheung, et al., 2011a), but to our knowledge, this correlation has not yet been
examined for other-race faces. We then correlated own- and other-race performance within
each task. If participants recruit similar perceptual mechanisms for processing own- and
other-race faces, then we would expect to find positive correlations between the own-race
composite effect and the other-race composite effect. Such a finding would parallel that
found by DeGutis, Mercado, et al. (2013) in the context of the part-whole task. Finally, we
correlated the magnitude of the “other-race effects” in recognition and in the composite task.
Though prior research led us to expect that we would find no group-level other-race effect in
the composite task (Bukach et al., 2012; Curby et al., 2012; Harrison et al., 2014), this does
not necessarily preclude the possibility that individuals who show a strong own-race effect in
recognition will also show an other-race effect in the composite task. Such a correlation has,
indeed, been found for the part-whole task (DeGutis, Mercado, et al., 2013). Furthermore,
individual differences in contact with other-race individuals have also been found to correlate

with the other-race effect in the composite task (Bukach et al., 2012).
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In summary, across three experiments, we examined individual differences in the
composite task for own- and other-race faces, and we explored the relationship between the
composite effect and recognition. Based on prior research, we expected to find that: i) the
composite effect would be positively correlated with recognition accuracy, for both own- and
other-race faces; ii) the composite effect for own-race faces would be correlated with the
composite for other-race faces; and iii) the other-race effect in recognition would be

correlated with the other-race effect in the composite task.

Experiments 1 and 2

Experiments 1 and 2 followed the same procedure, and so their methods and results
are described together. The only difference between the two experiments was in the stimulus
materials used. In both experiments, participants completed the full design of the composite

task and an old/new recognition test for White and Chinese faces.

Method

Participants and Design. In both experiments, two groups of participants were
recruited, from Australia (White participants) and Malaysia (Chinese participants). In
Experiment 1, the Australian participants were 69 undergraduates, postgraduates, and staff at
Flinders University. Sixty-five participants who self-identified as White were retained in the
sample. Two participants were excluded for using the incorrect response keys, and two were
excluded for chance performance on the composite task. Of the remaining 61 participants, 41
(69.5%) were female. The mean age was 25.6 years (range 18 to 52 years). The Chinese
participants in Experiment 1 were 58 undergraduates from HELP University (Kuala Lumpur,
Malaysia). Twenty participants were excluded because they did not provide any information

on their ethnic origin, one was excluded for using the incorrect response keys, and one was
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excluded for chance performance on the composite task. Of the remaining 36 participants, 27
(75.0%) were female. The mean age was 20.1 years (range 18 to 24 years). All identified as
being of Chinese descent.

In Experiment 2, the Australian participants were 65 undergraduates, postgraduates,
and staff at Flinders University. Fifty-six participants who self-identified as White were
retained in the sample, of whom 34 (60.7%) were female. The mean age was 24.9 years
(range 18 to 56 years). The Chinese participants in Experiment 2 were 69 undergraduates
from HELP University (Kuala Lumpur, Malaysia). Sixty-six participants who self-identified
as being of Chinese descent were retained in the sample, of whom 45 (68.2%) were female.
The mean age was 20.5 years (range 18 to 26 years).

The composite task followed a 2 (Participant Race: Chinese vs. White) x 2 (Face
Race: own-race vs. other-race) x 2 (Congruency: congruent vs. incongruent) x 2 (Alignment:
aligned vs. misaligned) mixed design, with repeated measures on the last three factors. The
dependent variable was discriminability (d') (response bias and correct response times were
also analyzed; see Supplemental Material for details). The recognition task followed a 2
(Participant Race: Chinese vs. White) x 2 (Face Race: own-race vs. other-race) mixed design,
with repeated measures on the second factor. Again, the dependent variable was
discriminability (d').

Materials. In Experiment 1, the composite task stimuli were 20 Chinese faces (10
male) from the CAS-PEAL database (W. Gao et al., 2008) and 20 White faces (10 male)
from a database provided by R. C. L. Lindsay (Queen’s University, Canada). In Experiment
2, the composite task stimuli were 20 male Chinese faces from the Oriental Face Database
(Artificial Intelligence and Robotics, Xi’an Jiaotong University, China) and 20 male White

faces from the PUT Face Database (Kasinski, Florek, & Schmidt, 2008).
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The faces were cropped to fit inside a standardized oval shape, 168 x 224 pixels in
size. None had distinguishing marks, facial hair, spectacles, or visible hairline. The images
were converted to grayscale, and were approximately matched for luminance. Each image
was bisected approximately half way along the length of the nose (112 pixels high). The top
and bottom halves of each image were separated by a 3-pixel gap (Richler, Cheung, et al.,
2011a). The stimuli were checked to make sure that no valid combinations would result in a
grotesque or implausible appearance because of feature spacing. For the practice trials, 10
photographs of houses were cropped to a standard size, and were bisected along the midline.

For the recognition task, 40 Chinese faces (20 male) and 40 White faces (20 female)
were selected from the same databases as those used in the composite task (no individuals
appeared in both tasks). Two photographs of each person were used, one for study and one
for test, to reduce the possibility that participants would respond to low-level features of the
image rather than to the face itself. In Experiment 1, the two images showed the individual
with different facial expressions (neutral at study, smiling at test); in Experiment 2, the two
images showed different viewpoints (frontal view at study, three-quarter profile at test).
Within each ethnic group, faces were randomly split into two sets (each containing 10 males
and 10 females). The assignment of these sets to targets and distractors was counterbalanced
across participants.

For Experiment 1, the faces were converted to grayscale and were cropped to fit
inside an oval, removing the external contour of the face and much of the hairline. To
improve accuracy in Experiment 2 (see Ellis, Shepherd, & Davies, 1979; Sporer & Horry,
2011), the faces were shown in full color, and the external features and hairline were retained.

Background information and clothing cues were removed in Adobe Photoshop.
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Procedure. Experiments 1 and 2 followed an identical procedure. Participants signed
up for a study on perceiving and remembering faces. They were told that there would be two
different tasks — a face perception task and a face memory task. Within each task, there were
two separate blocks — one for own-race faces and one for other-race faces. The orders of the
tasks, and the order of the blocks within each task, were counterbalanced across participants.

The procedure for the composite task closely followed that reported by Richler,
Cheung, et al. (2011a). Each trial began with a study composite, consisting of randomly
combined top and bottom face halves of the same race and gender. To provide a strong test of
holistic processing, the top and bottom halves were separated by a white line (three pixels
thick) so that it was unambiguous where one image ended and the other began. All study
composites were aligned. The study composite remained on screen for 200 ms. The study
composite was followed by a blank screen for 500 ms. The test composite then appeared,
either aligned or misaligned, for 200 ms. Finally, participants saw a screen reminding them of
their response options. Participants responded by pressing one of two labelled keys (the ‘z’
and ‘m’ keys) with their index fingers. The key assignment was counterbalanced across
participants. Participants were always responding to the top halves of the faces, and were
instructed to ignore the bottom halves of the images. They were also told to respond as
quickly and accurately as possible. The next trial began 500 ms after the participant’s
response. All participants began with a practice block, consisting of 16 trials with houses as
stimuli. The experimental blocks each included 80 trials (10 of each combination of
same/different, congruent/incongruent, and aligned/misaligned).

For the recognition task, participants studied 20 faces (10 female), each shown for
5000 ms with a 1000 ms inter-stimulus interval. Immediately following the study list,

participants saw the test list consisting of 40 faces (20 female), half of which were old. For
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each trial, the participant was asked whether the face was old or new, and was then asked to
provide a confidence rating from 50% to 100% in 10% increments. Participants completed

two blocks (one for own-race faces and one for other-race faces) in a counterbalanced order.

Results and Discussion

Signal detection estimates of discriminability (d') were calculated (see Green &
Swets, 1966; Macmillan & Creelman, 1991) for the composite and recognition tasks. A d'
value of 0 indicates that the participant was unable to discriminate between same and
different trials (or old and new trials). Higher, positive values of d' indicate better
discrimination. Analyses of response bias and reaction time can be found in the Supplemental
Materials. Three measures of effect size are used. For interaction terms, we report partial eta-
squared (qu). For repeated measures comparisons, we report the standardized mean change
(d) with 95% Confidence Intervals (CIs) (Viechtbauer, 2007). For between-groups
comparisons, we report Cohen’s d with 95% Cls (Smithson, 2003).

Composite task. Discriminability in the complete composite task is shown in Figures
2 (Experiment 1) and 3 (Experiment 2). The main effects for face race, congruency, and
alignment were significant in both experiments. Discriminability was higher for own-race
faces than other-race faces (Experiment 1: F(1, 95) = 8.54, p =.004, d = 0.35, 95% CI [0.14,
0.55]; Experiment 2, F(1, 120) = 8.85, p =.004, d = 0.28 [0.09, 0.45]), for congruent trials
than incongruent trials (Experiment 1: F(1, 95) = 117.89, p < .001, d = 1.15 [0.89, 1.40];
Experiment 2: F(1, 120) = 97.69, p <.001, d =0.89 [0.68, 1.10]), and for aligned trials than
misaligned trials (Experiment 1: F(1, 95) = 39.16, p <.001, d = 0.71, [0.49, 0.93];

Experiment 2: F(1, 120) = 71.76, p < .001, d = 0.77 [0.57, 0.97]).
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In both experiments, the two-way interaction between Congruency and Alignment
was significant: Experiment 1, F(1, 95) = 80.85, p <.001, npz = .46; Experiment 2, F(1, 120)
=126.45, p < .001, npz =.51. As can be seen in Figures 2 and 3, the congruency effect was
larger on aligned trials (Experiment 1: t(96) = 13.23, p <.001, d = 1.34 [1.07, 1.62];
Experiment 2: t(121) = 12.56, p <.001, d = 1.13 [0.90, 1.36]) than on misaligned trials
(Experiment 1: t(96) = 3.63, p <.001, d = 0.37 [0.16, 0.58]; Experiment 2: t(121) = 4.63, p <
.001, d =0.42 [0.23, 0.60]). This interaction is the hallmark composite effect within the
complete paradigm of the task (Richler, Cheung, et al., 2011a).

Crucially, in neither experiment was the Congruency x Alignment x Face Race
interaction significant; Experiment 1: F(1, 95) =0.14, p = .71, npz <.01; Experiment 2: F(1,
120) = 0.45, p = .50, npz < .01. The effect sizes for these interaction terms were close to zero,
indicating that the size of the composite effect (the Congruency x Alignment interaction) was
similar for own- and other-race faces.

However, the four-way interaction reached significance in Experiment 2, F(1, 120) =
5.35, p = .02, 5,” = .04 (though not in Experiment 1: F(1, 95) = 0.01, p = .99, ,” < .01). To
interpret this interaction, the data for Experiment 2 were split by participant race. For the
White participants, the Face Race x Congruency x Alignment interaction was significant,
F(1, 55) =5.28, p = .03, npz =.09. Contrary to previous research, the effect size for the
Congruency x Alignment interaction was larger for other-race faces, F(1, 55) = 48.50, p <
.001, 57,> = .47, than for own-race faces, F(1, 55) = 19.21, p < .001, 5,> = .26. For the
Chinese participants, however, the three-way interaction did not reach significance, F(1, 65)
=1.23,p=.27, qu = .02, indicating similar composite effects for own-race faces and other-

race faces.
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In Experiment 1, one additional interaction term reached significance: Alignment x
Participant Race: F(1, 95) = 16.19, p < .001, an =.15. Post-hoc tests showed a significant
alignment effect for the White participants, t(60) = 6.06, p <.001, d = 0.99 [0.69, 1.30], but
not for the Chinese participants, t(35) = 1.54, p = .13, d = 0.27 [-0.06, 0.61]. No other effects
were significant in either experiment.

The results of the composite task were in line with several recent studies that have
reported strong composite effects for other-race faces (Bukach et al., 2012; Curby et al.,
2012; Harrison et al., 2014). There was no evidence that the magnitude of the composite
effect varied for own- and other-race faces and, with effect sizes for the critical interactions
close to zero, it is unlikely that we simply lacked the statistical power to detect real, but
small, differences. These results add weight to the growing body of literature that suggest that
other-race faces do, indeed, engage holistic processing.

Recognition task. Discriminability (d') was analyzed in a 2-way (Face Race x
Participant Race) mixed ANOVA. Descriptives for Experiments 1 and 2 are shown in Table
1. Overall, discriminability was higher for own-race than other-race faces in both
experiments: Experiment 1, F(1, 95) = 11.81, p =.001, d = 0.41 [0.20, 0.61]; Experiment 2,
F(1, 120) =36.63, p < .001, d = 0.47 [0.28, 0.66]. However, the Participant Race x Face Race
interaction was significant in both cases: Experiment 1, F(1, 95) = 4.47, p = .04, ;7p2 =.05;
Experiment 2: F(1, 120) = 11.78, p = .01, ;7p2 =.09. Whereas the White participants showed a
significant other-race effect (Experiment 1: t(60) = 4.52, p <.001, d = 0.57 [0.30, 0.84];
Experiment 2: t(55) = 5.74, p <.001, d = 0.76 [0.46, 1.05]), the Chinese participants did not
(Experiment 1: t(35) = 0.84, p = .40, d = 0.14 [-0.19, 0.47], Experiment 2: t(65) = 1.82, p =

07, d = 0.22 [-0.02, 0.46]).
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Individual differences analyses. Our first analysis explored correlations between the
composite effect and recognition accuracy for both own- and other-race faces. To estimate
each participant’s “composite effect”, we subtracted d' (incongruent, aligned) from d’
(congruent, aligned) separately for own- and other-race faces.*

A necessary step in correlational analyses (though one that is often overlooked) is to
determine the internal reliabilities of each of the parameter estimates (DeGutis, Wilmer, et
al., 2013). These reliability estimates are crucial because they determine the true upper
bounds of the correlations, and so are necessary for evaluating the size of a correlation. Full
details of the calculations are detailed in the Supplementary Materials, and internal reliability
estimates are shown in Tables S1 (Experiment 1) and S2 (Experiment 2). Each correlation
plot shows the observed coefficient (Fopserved), the theoretical upper-bound of the correlation,
and the adjusted coefficient (ragjustea), Which is sSimply ropsenved / Upper-bound. Prior to each
analysis, outliers (participants more than 2.5 standard deviations from the mean on either
variable) were removed. Consequently, the degrees of freedom differ slightly across
coefficients. Within each experiment, 12 correlations were explored; we therefore adopted a
Bonferroni-corrected o of .004 (.05/12), two-tailed, for all correlations.

Prior research with the complete composite task has shown that individual differences
in the magnitude of the composite effect correlate with individual differences in face
recognition (e.g., DeGutis, Wilmer, et al., 2013; Richler, Cheung, et al., 2011a). However,
these studies used own-race faces only; to our knowledge, no study has yet explored the
relationship between the composite effect and recognition with other-race faces. If other-race
recognition is less reliant on holistic processing than own-race recognition (e.g., Michel,

Rossion, et al., 2006), we would expect to see a weaker composite-recognition relationship
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for other-race faces than for own-race faces. However, as shown in Figure 4, all of the
correlations were weak and non-significant (maximum r (57) = .24, p = .07).

Our second analysis explored the correlation between own- and other-race
performance within each task (see Figure 5). If participants recruit similar perceptual
mechanisms for processing own- and other-race faces, we would expect to see a positive
relationship between the magnitude of the composite effect for own- and other-race faces. As
shown in panels A and C of Figure 5, the coefficients for the Chinese participants were
positive and small to moderate in size; however, they did not reach our required a level of
.004 (in Experiment 1: r (34) = .35, p = .04; in Experiment 2: r (61) =.31, p =.01). The
coefficients for the White participants small and non-significant (in Experiment 1: r (57) =
13, p =.33; in Experiment 2: r(53) =-.03; p = .83).

We also explored the relationship between recognition of own-race faces and
recognition of other-race faces (see panels B and D of Figure 5). None of the coefficients
approached statistical significance (maximum r (57) = .20, p = .13).

Finally, we explored the relationships between the other-race effects in recognition
and the composite task. To examine the relationship between the other-race effects in
recognition and in the composite task requires a value for each participant that reflects their
‘other-race effect’ on each task. Following DeGutis, Mercado, et al. (2013), we used a
regression approach to calculate two independent “other-race effect” parameters for each
task: an own-race advantage parameter (the degree to which one’s performance with own-
race faces differs from what would be predicted from one’s performance with other-race
faces), and an other-race deficit parameter (the degree to which one’s performance with
other-race faces differs from what would be predicted from one’s performance with own-race

faces).
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For each experiment, we correlated the own-race advantages on the two tasks, and we
correlated the other-race deficits on the two tasks (see Figure 6). From prior research
(Buckach et al., 2012; DeGutis, Mercado, et al., 2013), we expected these relationships to be
significant and positive. However, none of the correlations were statistically significant
(maximum r (52) =-.24, p =.08), and in fact, the strongest coefficient was negative (see
Panel D).

Regarding the individual differences analyses, we had put forward three hypotheses:
1) The magnitude of the composite effect would be positively correlated with recognition
accuracy, for both own- and other-race faces; 2) The composite effect for own-race faces
would be positively associated with the composite effect for other-race faces. 3) The
magnitude of the other-race effect in recognition would be positively associated with the
other-race effect in the composite task. None of these hypotheses were supported by the
analyses. Of 24 correlation coefficients from Experiments 1 and 2, none were statistically
significant at our Bonferroni-corrected « level of .004. However, these null coefficients must
be interpreted very cautiously. A major limitation of these experiments was in the internal
reliability of both the recognition and composite tasks. As a direct consequence, the
theoretical upper bounds of the correlations were often very low (ranging from .02 to .55).
With such low upper bounds, the chances of detecting real relationships are greatly

diminished.

Experiment 3

In Experiment 3, we attempted to address the reliability problem as far as was
possible. The reliability of the composite task in Experiments 1 and 2 was within the range

reported by Ross, Richler, and Gauthier (in press).? We focused, therefore, on improving the
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reliability of the recognition measure, by using two versions of the Cambridge Face Memory
Test (CFMT; Duchaine & Nakayama, 2006): the CFMT-Chinese (McKone et al., 2012), and
the CFMT-Australian (McKone et al., 2011), both of which have been shown to have high
internal reliability with own- and other-race samples. Improvements in the reliability of the
recognition test should, in turn, have increased the theoretical upper bounds on the
correlations between holistic processing and recognition, decreasing the likelihood of Type 1l
errors.

In addition to the change of recognition tests, we also made some changes to the
composite task in Experiment 3. Rossion (2013) argued that there are many procedural
differences between the studies that have used the complete paradigm (upon which our
procedures for Experiments 1 and 2 were based) and the studies that have used the partial
paradigm, differences which could have confounded the debate around which measure is
more appropriate. Thus, in Experiment 3, we matched our procedure to that used by Michel,
Rossion, et al. (2006) (with the exception of the additional complete paradigm trials). We
made the following changes: 1) Exposure duration to the study image was increased from 200
ms to 600 ms, and the test image remained on screen until a response was made; 2) The
alignment of the study image matched the alignment of the test image, thus reducing the need
for lateral shifts in attention between the study and test images; 3) Own- and other-race trials
were randomly intermixed within each block; and 4) Face halves were carefully paired based
upon internal feature spacing, rather than randomly combined. Note that it was not our
intention to systematically evaluate any of these factors; rather, we attempted to ensure that

our results were robust to these minor procedural variations.®
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Method

Participants and Design. Two groups of participants were recruited: one from
Malaysia (N = 81) and one from Australia (N = 59). The final sample consisted of 77
participants from Malaysia who self-identified as Chinese and 51 participants from Australia
who self-identified as White. The proportion of female participants was 75.32% for the
Chinese sample and 78.43% for the White sample. The mean age of the Chinese participants
was 22.16 years (SD = 1.01) and the mean age of the White participants was 22.92 years (SD
=7.21).

The composite task followed a 2 (Congruency: congruent vs. incongruent) x 2
(Alignment: aligned vs. misaligned) x 2 (Face Race: own-race vs. other-race) x 2 (Participant
Race: Chinese vs. White) mixed design, with repeated measures on all but the last factor. The
dependent measure was discriminability (d") (response bias and correct RTs were also
analyzed; see Supplemental Materials).

The recognition tests followed a 2 (Face Race: own-race vs. other-race) x 2
(Participant Race: Chinese vs. White) mixed design, with repeated measures on the first
factor. The dependent measure was number correct (scored out of 72).

Materials. The stimuli for the composite task consisted of 20 male Chinese faces
from the Oriental Face Database and 20 male White faces from the PUT Face Database
(Kasinski et al., 2008). Each original face was cropped to fit inside a standardized 168 x 224
pixel oval, converted to grayscale, and bisected across the centre of the nose. Each face was
carefully paired with another face on the basis of feature spacing (Rossion, 2013). For
example, for Face A, which was paired with Face B, four composites were created: AA

(Same-Congruent), AB (Same-Incongruent), BA (Different-Incongruent), and BB (Different-
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Congruent). A three-pixel gap separated the top and bottom halves of each composite. An
aligned and a misaligned version of each composite were created.

The recognition tests were the CFMT-Australian (McKone et al., 2011) and the
CFMT-Chinese (McKone et al., 2012), both of which use the Cambridge Face Memory Test
format (Duchaine & Nakayama, 2006). Each test includes grayscale images of 52 male faces
(six targets and 46 distractors). For the CFMT-Australian, the targets and 8 of the distractors
are from the Australian National University Face Database, all of whom are of Australian or
New Zealand descent. The remaining distractors are from the Glasgow Unfamiliar Face
Database (Burton, White, & McNeill, 2010). For the CFMT-Chinese, the faces are all of
graduate students at the Chinese Academy of Sciences in Beijing, and all individuals are Han
Chinese. Internal reliability has been reported as .88 for the CFMT-Australian (McKone et
al., 2011). Internal reliability for the CFMT-Chinese has been reported as .90 for Asian
participants and .89 for Australian participants (McKone et al., 2012).

Procedure. Participants signed up for a study on perceiving and remembering faces.
Each participant completed the CFMT-Australian, the CFMT-Chinese, and two blocks of the
composite task (one upright and one inverted; only the data from the upright block are
presented here). The order of the tasks was counterbalanced, as was the order of the upright
and inverted blocks of the composite task.

Due to the inclusion of the inverted condition in Experiment 3, we made a small
change to the instructions. Specifically, participants were instructed to respond to the
forehead half of the image, rather than the top half as in Experiments 1 and 2. Each trial
proceeded as follows: the study image was shown for 600 ms, followed by a blank screen for
300 ms. The test image then appeared, and it remained on screen until the participant

responded. In each block of the composite task, participants completed 160 trials, which
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consisted of 80 own-race and 80 other-race trials, randomly intermixed. Each original study
face was seen eight times per block, once per cell of the design. Prior to the beginning of each
block, the participants completed 16 practice trials with houses as stimuli.

Briefly, the recognition tasks each included six target faces. The test takes a three-
alternative forced-choice format, and increases in difficulty over the course of the 72 trials.
For full details of the procedure, see Duchaine and Nakayama (2006). Within each of the
recognition tests, the order of trials, and the order of the alternatives within each trial, was

fixed.

Results and Discussion

Composite task. Discriminability was analyzed in a 4-way (Congruency x Alignment
x Face Race x Participant Race) mixed ANOVA (for analyses of correct RTs and partial
paradigm trials, see Supplemental Materials). Mean discriminability is shown in Figure 7.
Discriminability was higher on congruent trials (M = 2.33, SD = 0.61) than on incongruent
trials (M = 1.86, SD = 0.72), F(1, 126) = 74.54, p < .001, d = 0.79 [0.59, 0.98].
Discriminability was also higher on misaligned trials (M = 2.33, SD = 0.65) than on aligned
trials (M = 2.06, SD = 0.62), though the effect was small, F(1, 126) = 5.65, p =.02,d = 0.19
[0.01, 0.36]. However, both of these main effects should be interpreted in light of the
expected and significant Congruency x Alignment interaction, F(1, 126) = 132.04, p < .001,
npz = .51. Post-hoc tests showed that there was a large congruency effect on aligned trials,
t(127) =13.83, p <.001, d = 1.22 [0.99, 1.44], but no significant congruency effect on
misaligned trials, t(127) = 1.22, p = .22, d = 0.11 [-0.07, 0.28]. The crucial Congruency x
Alignment x Face Race interaction was not significant, F(1, 126) = 0.41, p = .52, npz =.003,

and the effect size was close to zero. The four-way interaction was also non-significant, F(1,
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126) = 0.15, p = .70, an =.001. Thus, in line with Experiments 1 and 2, these results suggest
that participants processed both own- and other-race faces holistically. There was no
indication that the magnitude of the composite effect varied for own- and other-race faces,
with the effect size of the interaction, once again, very close to zero (see also Bukach et al.,
2012; Curby et al., 2012; Harrison et al., 2014). From a methodological perspective, the
similarity of the results of Experiments 1 to 3 suggest that the procedural differences between
prior partial and complete paradigm studies have not likely contributed to the discrepant
findings in the literature, despite the concerns raised by Rossion (2013).

There were, however, some significant effects of Face Race on discriminability.
Overall, participants showed greater discriminability for own-race faces (M = 2.14, SD =
0.67) than for other-race faces (M = 2.06, SD = 0.65), F(1, 126) = 10.99, p =.001, d = 0.14 [-
0.03, 0.31], though the CI of the effect size included zero. The Country x Face Race
interaction was also significant, F(1, 126) = 52.37, p <.70, npz =.29. Whereas the Chinese
participants showed greater discriminability on other-race trials (M = 2.16, SD = 0.67) than
on own-race trials (M = 1.99, SD = 0.64), t(76) = 3.20, p =.002, d =-0.36 [-0.59, -0.13], the
White participants showed greater discriminability on own-race trials, (M = 2.35, SD = 0.66)
than on other-race trials (M = 1.90, SD = 0.59), t(50) = 6.53, p <.001, d = 0.90 [0.58, 1.23].
No other interactions were significant (maximum F(1, 126) = 2.46, p = .12, npz =.02).

Recognition task. The CFMT is scored as the number of correct responses; the
maximum number of correct responses is 72. CFMT scores were analyzed in a 2 (Test:
CFMT-Aus vs. CFMT-Chinese) x 2 (Participant Race: Chinese vs. White) mixed ANOVA.
Neither the main effect of test, F(1, 126) = 2.72, p = .10, d = 0.25 [0.07, 0.43], nor the main
effect of participant race, F(1, 126) = 0.35, p = .56, d = 0.06 [-0.29, 0.42], were significant.

However, the interaction term was significant, F(1, 126) = 131.39, p < .001, ;7p2 = .51. Post-
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hoc tests showed that the Chinese participants were more accurate on the CFMT-Chinese (M
=59.00, SD = 8.92) than on the CFMT-Australian (M = 50.08, SD = 6.51), t(76) = 10.11, p <
.001, d =1.14 [0.85, 1.43], whereas the White participants were more accurate on the CFMT-
Australian (M = 57.04, SD = 8.21) than on the CFMT-Chinese (M = 49.70, SD = 9.02), t(50)
=6.61, p <.001, d = 0.91 [0.59, 1.24].

Individual differences analyses. Following the same procedures as outlined for
Experiments 1 and 2, we conducted a series of correlational analyses for Experiment 3. The
internal reliabilities of the relevant conditions are shown in Table S3 in the Supplemental
Materials. The reliability of the recognition task was substantially higher in Experiment 3
than in Experiments 1 and 2, which consequently increased the upper bounds many of the
correlations, rendering the coefficients more readily interpretable. As in the previous
experiments, prior to conducting each correlation, we excluded participants further than 2.5
standard deviations from the mean on either measure. Once again, we adopted a Bonferroni-
corrected o level of .004 (two-tailed) to correct for multiple tests.

We first examined correlations between the composite effect and recognition accuracy
(see Figure 8). None of the correlations reached the pre-specified a level of .004 (maximum r
(47)=.29,p=.04).

Next, we examined correlations between the composite effects for own- and other-
race faces (see Figure 9, panel A). For White participants, the coefficient was positive and
moderate, though it did not reach the corrected « level of .004, r(47) = .38, p = .007. The
coefficient for Chinese participants was smaller and did not approach statistical significance,
r(v3) =.17, p = .14.

Regarding the recognition task, the correlations between own- and other-race

recognition were positive and statistically significant: for Chinese participants, r(73) = .54, p
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<.001; for White participants, r(47) = .41, p = .003. It seems, therefore, that the CFMT
format captures general recognition abilities that extend beyond one’s own race. In other
words, people with an above-average recognition ability for own-race faces will likely also
have an above-average recognition ability for other-race faces.

Finally, we correlated individual differences in the magnitude of the other-race effects
in the composite task and in the CFMT (see Figure 10). None of the correlations were
statistically significant (maximum r (48) = .25, p = .08); for the Chinese participants, the
coefficients were close to zero. Thus, these correlations provided no support for the
hypothesis that the other-race effect in recognition is driven by holistic processing. However,
these null correlations should be interpreted cautiously, for two reasons. First, the upper
bounds of the correlations were still low, ranging from .26 to .49. Indeed, the adjusted
correlations for the White participants were approaching their upper bound (see Figure 10).
Second, we were unable to replicate the finding that individual differences in the magnitude
of the composite effect correlate with face recognition abilities for own-race faces (e.g.,
Richler, Cheung, et al., 2011a; DeGutis, Wilmer, et al., 2013), nor did we find such a
correlation for other-race faces. If, within our sample, performance on the composite task was
not related to recognition, it should come as no surprise that the “other-race effects” on the
two tasks were also unrelated.

General Discussion

Across three experiments, with six independent samples of participants, we
investigated the relationship between the composite effect and recognition for own- and
other-race faces. We first discuss the group level effects, and the methodological and
theoretical implications of our findings. We then discuss the individual level effects, and we

consider the theoretical implications of our findings for the other-race effect.
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At the group level, the results of the composite task were consistent: participants
showed strong composite effects for other-race faces. Our results align with those of three
others studies that have used the complete composite paradigm to investigate the other-race
effect, none of which have reported evidence for superior holistic processing of other-race
faces (Bukach et al., 2012; Curby et al., 2012; Harrison et al., 2014). These findings contrast
with those from the partial composite paradigm, in which own-race faces were associated
with larger composite effects than other-race faces (Michel, Rossion, et al., 2006; Michel et
al., 2007; though see Mondloch et al., 2010). What could be driving such a discrepancy? One
possibility is that we lacked statistical power to detect a statistically significant Congruency x
Alignment x Face Race interaction. However, this seems unlikely, as the effect sizes for the
crucial interactions were close to zero, while our sample sizes were reasonably large for this
type of study. A second possibility is that the partial and complete paradigms recruit different
perceptual mechanisms, and so are measuring different aspects of holistic processing.
However, from the participant’s perspective, the partial and complete tasks are virtually
identical, and there is no theoretical reason to expect that participants would engage different
processes in the two tasks. Furthermore, the partial paradigm trials yield similar results
whether they are incorporated into the complete paradigm or whether they are conducted in
isolation (Richler, Cheung, et al., 2011a). The most convincing explanation for the
discrepancy is that the partial paradigm lacks construct validity due to its susceptibility to
confounding response biases (Gauthier & Bukach, 2007; Richler, Cheung, et al., 2011b;
Richler & Gauthier, 2014).

It is worth noting that our findings, and those of other composite task studies (Bukach
etal., 2012; Curby et al., 2012; Harrison et al., 2014) are qualitatively different from those of

studies that have used the part-whole task, in which other-race effects have been found
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consistently (e.g., Crookes et al., 2013; DeGutis, Mercado, et al., 2013; Tanaka et al., 2004;
Michel, Caldara, et al., 2006; Mondloch et al., 2010). Though both the composite task and the
part-whole task are commonly referred to as tests of holistic processing, they operationalize
this concept quite differently. In the composite task, holistic processing is operationalized as
the interference between two face halves. In the part-whole task, holistic processing is
operationalized as a facilitative effect of the whole face when making judgments about a
specific face part. Though there is some evidence that performance on one task can predict
performance on the other (DeGutis, Wilmer, et al., 2013; Wang et al., 2012), it is not clear
that the two effects rely on the same underlying mechanisms. Richler, Palmeri, and Gauthier
(2012) discuss four distinct mechanisms that could produce holistic processing: the use of
global face templates (Young et al., 1987); the representation of the spatial relations between
features (Diamond & Carey, 1986); parallel processing of multiple features and their spatial
relationships (Fific & Townsend, 2010); and an automatic attentional strategy of processing
all parts of the face together (Y. K. Wong & Gauthier, 2010). It is quite possible that the
composite task and the part-whole task are, in fact, drawing on distinct mechanisms that
involve separate neural pathways. It is also possible that the other-race effect can be observed
in some of these pathways but not in others, and that it is the interaction between these
pathways that creates the robust recognition deficit that has captivated researchers for 45
years (Malpass & Kravitz, 1969; Meissner & Brigham, 2001). Clearly, a goal for future
research will be to establish how the different aspects of holistic processing relate to one
another, and through which routes the other-race effect emerges.

Despite showing strong composite effects for other-race faces, the participants
showed typical other-race effects in the recognition tasks. As is often the case, the other-race

effects in the old/new recognition tests were asymmetrical, with significant effects for the



HOLISTIC PROCESSING OF OTHER-RACE FACES 29

White participant and non-significant effects for the Chinese participants. However, the
reliability of these tasks was quite low, suggesting that they did not provide a reliable
measure of the participants’ recognition abilities. In Experiment 3, the CFMT format allowed
us to detect strong other-race effects in both groups of participants, replicating prior research
with Australian and Asian samples (McKone et al., 2012). Furthermore, the internal
reliability of the CFMT tasks was much higher (ranging from .77 to .90) than the internal
reliability of the old/new recognition tasks (which ranged from .05 to .49), which had
significant implications for interpretation of the correlational analyses. The methodological
implications of these reliability estimates for researchers wishing to take an individual
differences approach to face recognition are clear: wherever possible, the CFMT format
should be used in favour of old/new recognition tests.

Taken together, the individual differences analyses of Experiments 1 to 3 provided no
support for the holistic processing account of the other-race effect. In none of the experiments
did we find statistically significant correlations between other-race effects in the two tasks. In
fact, leaving the issue of statistical significance aside, several of the coefficients were
negative, and many were close to zero. However, perhaps we should not be surprised that
these correlations were weak; after all, we were unable to replicate the finding that the
magnitude of the composite effect (for own-race faces) correlates with recognition accuracy
(as in Richler, Cheung, et al., 2011a; DeGutis, Wilmer, et al., 2013). Why this should be so is
not clear. The procedures of Experiments 1 and 2 were closely matched to that used by
Richler, Cheung, et al. (2011a), and our sample sizes were considerably larger. One
possibility is that the low reliability of the composite task greatly inflated the likelihood of
Type Il error by reducing the true upper bound of the correlations. However, we should note

that Richler, Floyd, and Gauthier (2014), also found that the composite effect did not
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correlate significantly with CFMT. Those authors speculated that successful performance on
the CFMT may be achievable through part-based processing, which is a claim that deserves
empirical attention. In summary, while we must be cautious about drawing firm conclusions
from null effects, the totality of evidence from these studies argues against the hypothesis that
the other-race effect in recognition is driven by differential holistic processing. Instead, the
implication seems to be that both own- and other-race faces strongly engage holistic

processing.
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Footnote
YIn previous individual differences research (e.g., Richler, Cheung, et al., 2011), participants’
“composite effect” scores were calculated as: ([d' Congruent Aligned - d' Incongruent
Aligned] - [d" Congruent Misaligned - d' Incongruent Misaligned]). However, this measure is
a difference of differences, which tends to lead to very poor reliability. Furthermore, Richler
& Gauthier (2014) recently demonstrated that very little variance is shared between the
aligned and misaligned congruency effects. We therefore used only the aligned congruency
effect as a measure of holistic processing. We note that the coefficients changed very little if
the misaligned congruency score was subtracted from the aligned congruency score.
However, as expected, the reliability of the parameters was greatly reduced.
’Since Experiment 3 was conducted, a more reliable version of the composite task has been
published for use in individual difference research — the Vanderbilt Holistic Face Processing
Test (VHFPT; Richler, Floyd, & Gauthier, 2014). The reliability of the composite effect in
the VHFPT was reported as .56, which is somewhat higher than the reliabilities of our tests,
which ranged from .27 to .62. However, the VHFPT includes only White faces, and so
cannot, in its current form, be used for investigating other-race effects in holistic processing.
We also included an inverted condition in Experiment 3, in which all stimuli were rotated by
180 degrees. In contrast to previous research (e.g., Curby et al., 2013; Richler, Mack,
Palmeri, & Gauthier, 2011), we did not find a significant composite effect for inverted faces,
nor did we find any differences between the processing of inverted own-race and other-race
stimuli. For brevity, we omit the analyses of the inverted trials here. Interested readers should

contact the first author for further information.
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Table 1
Mean discriminability (d') for the recognition task in Experiments 1 and 2. Standard

deviations are shown in parentheses.

43

White participants Chinese participants
Experiment Own-race Other-race Own-race Other-race
1 0.82 (0.50) 0.46 (0.38) 0.57 (0.44) 0.49 (0.52)

2 1.11 (0.58) 0.52 (0.48) 0.82 (0.53) 0.67 (0.50)
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Figure 1. Trial types included in the partial and complete paradigms of the composite task.

Incongruent trials are shaded in gray.
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Figure 2. Discriminability (d) in Experiment 1. Error bars represent standard error of the
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Figure 4. Within-race correlations between holistic processing and recognition in
Experiments 1 (A and B) and 2 (C and D). Dark circles represent Chinese participants; light
circles represent White participants. The dashed line represents the line of best fit for Chinese

participants; the solid line represents the line of best fit for White participants.
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Figure 5. Within-task correlations between own- and other-race performance in Experiments
1 (A and B) and 2 (C and D). Dark circles represent Chinese participants; light circles
represent White participants. The dashed line represents the line of best fit for Chinese

participants; the solid line represents the line of best fit for White participants.
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Figure 6. Correlations between the own-race effects in the composite task and in the

recognition task in Experiments 1 (A and B) and 2 (C and D). Dark circles represent Chinese

participants; light circles represent White participants. The dashed line represents the line of

best fit for Chinese participants; the solid line represents the line of best fit for White

participants.
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Figure 8. Within-race correlations between the composite effect and recognition in
Experiment 3. Dark circles represent Chinese participants; light circles represent White
participants. The dashed line represents the line of best fit for Chinese participants; the solid

line represents the line of best fit for White participants.
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Figure 9. Within-task correlations between performance with own- and other-race faces in
Experiment 3. Dark circles represent Chinese participants; light circles represent White
participants. The dashed line represents the line of best fit for Chinese participants; the solid

line represents the line of best fit for White participants.
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Figure 10. Correlations between the own-race effects in the composite task and recognition in
Experiment 3. Dark circles represent Chinese participants; light circles represent White
participants. The dashed line represents the line of best fit for Chinese participants; the solid

line represents the line of best fit for White participants.
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