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Abstract
Familiar and unfamiliar faces are recognized in fundamentally different ways. One way in which rec-

ognition differs is in terms of the features that facilitate recognition: previous studies have shown

that familiar face recognition depends more on internal facial features (i.e., eyes, nose and mouth),

whereas unfamiliar face recognition depends more on external facial features (i.e., hair, ears and

contour). However, very few studies have examined the recognition of faces that vary in both

familiarity and race, and the reliance on different facial features, whilst also using faces that incorp-

orate natural within-person variability. In the current study, we used an online version of the card

sorting task to assess adults’ (n= 258) recognition of faces that varied in familiarity and race when

presented with either the whole face, internal features only, or external features only. Adults bet-

ter recognized familiar faces than unfamiliar faces in both the whole face and the internal features

only conditions, but not in the external features only condition. Reasons why adults did not show

an own-race advantage in recognition are discussed.
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Introduction
Faces provide a wealth of information about other people, including their identity, gender, approximate
age, ethnic group, emotional state, and focus of attention. The ability to perceive this information quickly
and accurately is a remarkable accomplishment of the adult human brain. Adults are face experts—we
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remember thousands of individual faces (Jenkins et al., 2011), we use specialized processingmechanisms
that apply to faces but not other visual stimuli (e.g., holistic processing; Rossion, 2013), and we have
neural systems that are preferentially tuned to faces compared to other objects (Grill-Spector et al., 2017).

Adult face expertise is not, however, applied equally across different faces that we encounter.
Both children and adults can more accurately recognize familiar faces when compared to newly
encountered unfamiliar faces (Baker et al., 2017; Ellis et al., 1979). When recognizing familiar
faces, people can tolerate high amounts of variation in appearance and setting (Johnston &
Edmonds, 2009). In contrast, unfamiliar face recognition is disrupted by variations in appearance,
even when images contain shared characteristics (Baker et al., 2017; Hancock et al., 2000;
Sandford & Ritchie, 2021). This difference in tolerance for within-person variation is observed
using the card sorting task (Jenkins et al., 2011; Kramer et al., 2018; Laurence et al., 2016). In this
task, participants are given a set of 40 images of two identities and are asked to sort these images
into piles representing each identity. However, participants are unaware of the number of identities
present within the set. The multiple images of a single individual presented in the set test tolerance
for within-person variability (i.e., recognition), whereas the multiple identities in the set test sensitivity
to between-person variability (i.e., discrimination). Jenkins et al. (2011) found that participants
created around 7.5 piles in the card sorting task for unfamiliar faces, indicating that they perceived
significantly more distinct identities than the actual number present in the set (i.e., two identities).
Although recognition across variability is difficult, this difficulty is minimized when presented
with familiar faces when compared to unfamiliar faces. Zhou and Mondloch (2016) had participants
complete card sorting tasks with either familiar or unfamiliar faces. When the faces were familiar
celebrities, participants formed two piles (i.e., accurately perceived two identities), whereas when
the faces were unfamiliar celebrities, participants formed about six piles (i.e., perceived six identities).

Moreover, familiar face recognition consists of increased reliance on internal features (eyes,
nose, and mouth; Di Oleggio Castello et al., 2017; Ellis et al., 1979), whereas unfamiliar face rec-
ognition consists of increased reliance on external features (Bonner et al., 2003; Liu et al., 2013;
Want et al., 2003). Past literature suggests that as familiarity increases there is more reliance on
internal features and less reliance on external features, leading to an internal feature advantage
for familiar face recognition (Bonner & Burton, 2004; Bonner et al., 2003; Campbell et al.,
1995; Ellis et al., 1979; Megreya & Bindemann, 2009). Ellis et al. (1979) presented adult partici-
pants with celebrity faces and asked them to write names of the faces they recognized. Participants
showed an internal feature advantage such that when faces were modified so that only internal fea-
tures were available, they recognized 50% of the target faces, but when only external features were
available, they recognized 30% of the target faces.

However, not all studies have found differential reliance on internal features for familiar versus
unfamiliar faces. Using a card sorting task, Kramer et al. (2018) found impaired performance (i.e.,
an increase in number of identities perceived) when faces were manipulated such that only the
external features were visible compared to when only the internal features were visible, suggesting
an internal feature advantage. However, this pattern was found for both familiar and unfamiliar
faces, which suggests that internal and external features may be equally informative/uninformative
for both familiar and unfamiliar face recognition. In this study, however, the external feature con-
dition contained images with both the external features and the background (i.e., varied settings),
whereas the internal features condition contained images with only the internal features and no
background. This difference in the background may have introduced more variability in the external
feature condition leading to poorer performance. Thus, there is mixed evidence about the differen-
tial reliance on internal versus external features for recognition of faces that differ in familiarity.

Decades of research suggest that familiarity with an individual face can greatly influence recog-
nition accuracy. Similarly, the category to which a face belongs influences its likelihood of being
recognized. Adults show poorer recognition of faces that belong to other racial groups when
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compared to faces of their own racial groups (for a review, see Meissner & Brigham, 2001), a per-
ceptual phenomenon known as the other-race effect, cross-race effect, own-race advantage, or
own-race bias. Individuals from primarily monoracial societies exhibit a robust other-race effect
as most people frequently encounter individuals of their own race, whereas encounters with indi-
viduals of other races are relatively less frequent. Hancock and Rhodes (2008) found that a
higher level of inter-group contact is associated with fewer recognition errors for other-race
faces. Recent work suggests that the other-race effect also results from increased difficulty with rec-
ognition across variability (Laurence et al., 2016; Tüttenberg & Wiese, 2019; Zhou & Mondloch,
2016). Using the card sorting task, Laurence et al. (2016) found that both East Asian and White
participants created, on average, five piles for own-race unfamiliar faces and twice the number
of piles for other-race unfamiliar faces, demonstrating that recognition across variability is more
difficult for other-race faces.

Researchers have also examined the use of internal and external features for recognizing own-
versus other-race faces. Megreya and Bindemann (2009) used a face matching task with British
and Egyptian participants. Participants were required to match faces with images containing either
the external features only or the internal features only. They found that Egyptian participants
matched both Egyptian and British unfamiliar faces more accurately using internal features. In
direct contrast, British participants matched both Egyptian and British unfamiliar faces more accur-
ately using external features. This finding supports previous literature that suggests a reliance on
external features for unfamiliar faces in the British participants (Campbell et al., 1995; Ellis et al.,
1979). Contrary to previous findings, Egyptian adults did not show a reliance on external features
for unfamiliar face matching, likely because they have extensive experience recognizing faces
wearing headscarves, which leads to an internal feature advantage that allows them to recognize
even unfamiliar faces using internal features alone (i.e., the ‘headscarf effect’) (Megreya &
Bindemann, 2009; Suhkre et al., 2015). Thus, it is important to assess the differential reliance on fea-
tures for faces that vary in race, in a population without an overall internal feature advantage. Harvard
(2021) testedWhite and East Asian participants on a face-matching task and found significantly better
matching performance for other-race faces when external features were presented along with internal
features. Similarly, Wong et al. (2020) tested Malaysian–Malay, Malaysian–Chinese, Malaysian–
Indian, and White participants and found significantly better recognition performance for other-race
faces when external features were presented along with internal features, and better recognition per-
formance for own-race faces when internal features were presented alone. Thus, these findings
suggest that different mechanisms may be involved in processing own- and other-race faces such
that we rely more on internal features for own-race faces, whereas we rely on both internal and exter-
nal features for other-race faces. Although Wong et al. (2020) investigated differential recognition
performance with the presence and absence of external features for own- and other-race faces, they
did not assess recognition performance with the presence and absence of internal features. Thus, it
is important to consider the extent to which the absence of internal features can affect other-race
face recognition.

Despite decades of research investigating familiar and unfamiliar face recognition, as well as the
other-race effect, very few studies have investigated their interaction using images containing
within-person variability (Tüttenberg & Wiese, 2019). Zhou and Mondloch (2016) used a card
sorting task to assess the recognition of faces that varied in familiarity and race across natural vari-
ability. East Asian participants showed a typical other-race effect for unfamiliar faces: they created
twice as many piles for other-race faces when compared to own-race faces. However, the other-race
effect was eliminated during familiar face recognition: participants created an equal number of piles
for familiar other-race and familiar own-race faces, most often arriving at the correct solution (i.e.,
two piles; Zhou & Mondloch, 2016). Although this study examined the differential recognition of
faces that varied in familiarity and race and identified the absence of the other-race effect during
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familiar face recognition, it did not investigate the underlying reasons why recognition differs for
faces that vary along these two dimensions. One such reason may be the differential reliance on
internal and external features.

In the current study, we investigated the differential use of internal and external features in adult
face recognition and examined whether this effect differs for faces that vary in familiarity and race.
In this study, adults completed an online card sorting task with own-race familiar, own-race unfamiliar,
other-race familiar, or other-race unfamiliar faces. These faces were modified to contain only internal
features, only external features, or the whole face. We hypothesized that face familiarity would influ-
ence the differential reliance on particular features for face recognition: specifically, we predicted there
would be greater reliance on internal features for familiar faces and greater reliance on external features
for unfamiliar faces. Thus, our first hypothesis was that participants would create fewer piles (i.e., per-
ceive fewer identities) for familiar faces in the internal feature condition when compared to the external
feature condition; in contrast, participants would create fewer piles (i.e., perceive fewer identities) for
unfamiliar faces in the external feature condition when compared to the internal feature condition. Our
second hypothesis was that there would be a three-way interaction between feature, familiarity, and
race, such that there would be performance differences for recognition of own- and other-race unfamil-
iar faces in the internal versus external feature conditions. Specifically, we predicted that in the internal
feature condition participants would create fewer piles (i.e., perceive fewer identities) for own-race
unfamiliar than other-race unfamiliar faces; in the external feature condition, participants would
create fewer piles (fewer identities) for other-race unfamiliar faces than for own-race unfamiliar faces.

Method

Participants
White North American adults (n= 258;M age= 26.9 years, SD= 6.5; 159 women, 86 men, 11 non-
binary, 1 genderqueer, 1 not specified) were recruited from an undergraduate psychology research
pool and Prolific, an online recruitment platform. Only White individuals (254 reported White, 2
reported White and Indigenous and 2 reported White and East Asian) were recruited for this
study because of the limited stimuli that were available to serve as own-race and other-race
faces. Additionally, Prolific recruitment was restricted to adults between the ages of 18 and 40
from the United States and Canada to better match the undergraduate sample. Undergraduate par-
ticipants (n= 74) received course credit and Prolific participants (n= 184) received $5.20 as com-
pensation. PANGEA (Westfall, 2015) indicated that 240 participants in total would provide enough
power to detect a medium effect size (considering the main effects of Face Familiarity, Face Race,
and Features, and the interaction between the three factors, power= 0.809, Cohen’s d= 0.45,
p-value= .05). A medium effect size was expected based on the findings of past literature with
similar research questions (Kramer et al., 2018; Want et al., 2003; Zhou & Mondloch, 2016).
An additional 89 participants completed the study but were excluded from data analysis due to
(1) reporting ethnicity other than White on a demographic questionnaire (n= 22); (2) reporting
that they were familiar with any of the identities in the unfamiliar condition or that they were
unfamiliar with any of the identities in the familiar condition (n= 41); (3) failing to complete the
sorting task or to form piles (n= 18); or (4) completing the incorrect familiarity questionnaire,
such that we could not determine their familiarity with the identities seen in the sorting task (n= 8).

Stimuli
The images used in this study were of celebrities chosen to be familiar or unfamiliar to the partici-
pants. Images of White American (familiar own-race), Black American (familiar other-race), White
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Dutch (unfamiliar own-race), and Black British (unfamiliar other-race) female celebrities were
sourced from Google Images. All images were high quality and showed the face in frontal view.
In order to choose celebrities that were high and low in familiarity with our population of interest
(young adults in North America), a separate online validation study (n= 40 adults) was conducted
through Qualtrics. Participants were shown images of numerous Black and White celebrity faces
one at a time and asked, ‘How familiar is this face?’ They reported their answer on a scale of 1
(not at all familiar) to 7 (highly familiar). Next, they were asked to provide identifying information
for each face. Only celebrities whose average rating was 1–2 and for whom participants did not
provide identifying information (i.e., name, occupation) were chosen as unfamiliar stimuli. Only
celebrities whose average rating was 6–7 and for whom the majority (80% and above) of partici-
pants provided identifying information were chosen as familiar stimuli. Based on these ratings,
we chose four identities for each of the four conditions (own-race familiar; own-race unfamiliar;
other-race familiar; other-race unfamiliar). These four identities were divided into two pairs, to
create two sets of stimuli for each condition (see Table 1 for listing of pairs in each condition).

For each identity, we sourced 20 colour images of the individual from Google Images. In these
20 images, the face varied naturally in appearance. Images were cropped to 400× 400 pixels, and so
that the face filled most of the frame. Each set of images for an identity was manipulated using
Adobe Photoshop CS6 to produce whole face, internal feature, and external feature versions.
The internal feature images were a modified version of Kramer et al. (2018); instead of cropping
out the internal features and pasting them onto a white background, a white rectangle-shaped
mask was used to disguise the external features (hair, face contour) whilst keeping the eyes, eye-
brows, nose, and mouth, as well as the background information, visible. This maintained consist-
ency with the external feature images, in that both sets of images retained background information.
The external feature images contained an oval mask (approximately 100× 120 px) that covered the
internal features, whilst keeping the ears, hair, face contour and background information visible (see
Figure 1, e.g., of the stimuli).

Procedure
We created an online version of the card sorting task (Jenkins et al., 2011) using JavaScript, PHP,
and a local server (accessed through Cyberduck; a Libre server and cloud storage browser). The
online task was linked to a Qualtrics survey containing questionnaires associated with the study.
Participants were randomly assigned to one of four conditions: own-race (White) familiar,
own-race unfamiliar, other-race (Black) familiar, or other-race unfamiliar. They saw one of three
feature conditions: whole face, external features only or internal features only. After completing
the consent form through Qualtrics, participants were provided with detailed instructions on how
to complete the card sorting task. Once participants read the instructions, they were provided
with an external URL to complete the task. Like the in-person version of the card sorting task,
in the online version, participants were provided with a set of 40 shuffled photographs (i.e.,
using JavaScript, images were automatically randomized at the start of each new session) of two

Table 1. List of identities in each condition of the card sorting task.

Card sort conditions Card set 1 identities Card set 2 identities

Familiar own-race Emma Watson and Anne Hathaway Miley Cyrus and Jennifer Lawrence

Unfamiliar own-race Marije Zuurveld and Davina Michelle Ilse DeLange and Victoria Koblenko

Familiar other-race Rihanna and Raven Symone Oprah and Michelle Obama

Unfamiliar other-race Camilla Beeput and Freema Agyeman Riann Steele and Pearl Mackie
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unique individuals (20 photos of Person A and 20 photos of Person B). This card set was presented
at the top left of the screen (Figure 2), with the 40 images placed on top of one another. Participants
were instructed to sort the cards into piles representing each identity present in the set and to take as
much time as they needed. They were not told how many identities were present in the set.
Participants used their cursor to click on the first image, drag the image (revealing a new image
underneath), and move it anywhere on the screen (in the grey space) to form a pile. They repeated
this step until all 40 images were sorted into piles such that images representing the same identity
were stacked over one another. Participants could also move images around after the initial place-
ment (e.g., if they decided that a previous image represented a different identity, they could go back
to that image and move it to create a new pile). Once participants were done sorting the images, they
clicked the ‘finish’ button at the bottom of the screen and returned to Qualtrics to complete the study
questionnaires. The ‘finish’ button was coded in HTML to save participant coordinate data on
Cyberduck for all images sorted by each participant. This coordinate data represented the location
of each image on the screen upon completion of the task, thus reflecting the number of piles created
by each participant.

Participants completed three questionnaires. The familiarity questionnaire assessed their famil-
iarity with the identities of the individuals in the card sets. Participants saw images of the celebrity
faces used in the card sorting task and were asked ‘Are you familiar with the above individual?’

Figure 1. This is not one of the identities used in the study because publication of the images used in the

study is restricted. Examples of the feature conditions: (a) whole face image, (b) external features only image,

and (c) internal features only image. Stimulus images were sourced from Google Images and modified in

Photoshop CS6.

Figure 2. Online card sorting task: (a) card sorting task with instructions at the top of the screen and a

shuffled set of cards at the top left of the screen and (b) example of a card set of 40 images sorted into 2 piles.
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After indicating familiarity with each face with a ‘yes’ or ‘no’ answer, participants were then asked
to provide more information about that individual (i.e., their name or occupation) if they knew it. A
demographic questionnaire gathered information about the participant’s age, ethnicity, and gender,
as all of these characteristics have been known to influence face perception (Ellis et al., 1979;
Laurence et al., 2016), as well as where the participants had lived and for how many years,
since early intergroup contact has been associated with a weaker other-race effect (McKone
et al., 2021; Zhou et al., 2019). Lastly, the participant completed the Intergroup Relations
Contact Quantity Contact Quality (CQCQ) scale (Islam & Hewstone, 1993). This is a validated
questionnaire used to measure the level of contact between social groups. It includes several ques-
tions about the participant’s current intergroup interactions at university, as neighbours, and as
close friends. Participants in the own-race condition completed the CQCQ-White scale, which mea-
sured contact with White individuals, whereas participants in the other-race condition completed
the CQCQ-Black scale, which measured contact with Black individuals. Results from the CQCQ
scale can be found in supplemental material.

Data Analysis Approach
Data from both the pilot study and the main study were collapsed across the two face pairs in each
condition and were analysed using three metrics of performance: number of piles (i.e., perceived
identities), sensitivity (d’), and response criterion (c). To calculate the number of perceived iden-
tities, we simply counted the final number of piles (i.e., groups of images) created by each partici-
pant at the end of the card sorting task. To calculate the signal detection metrics (d’ and c), we
calculated the proportions of ‘different person/same group’ errors (sorting images of different
people into the same pile) and ‘same person/different group’ errors (sorting images of the same
person into different piles). The different person/same group error rate, also known as misses, is
calculated by identifying the piles that consist of two identities, then multiplying the image fre-
quency of each identity together (i.e., the number of images of identity A multiplied by the
number of images of identity B placed in each pile), summing these products to calculate the
total number of misses, and dividing this value by the total number of different-person pairs
(400 pairs for a card sorting task with 2 identities and 20 images per identity). The same person/
different group error rate, also known as false alarms, is calculated by identifying the piles with
identity A and the piles with identity B. For each identity, we calculate the product of all pairs
(i.e., the number of images of identity A in one pile multiplied by the number of images of identity
A in each of the other piles) and sum the products to calculate the total number of false alarms. We
then divide this total number of errors by the total number of same-person pairs (380 pairs for a card
sorting task with 2 identities and 20 images per identity). Using these two types of error, sensitivity
(d’) can be calculated using the formula [z(Hits) – z(False alarms)], where Hits equals 1—‘different
person/same group’ error rate and False alarms equals ‘same person/different group’ error rate.
Response criterion (c) can be calculated using the formula −0.5∗[z(Hits) – z(False alarms)]
(Balas & Pearson, 2017).

Results

Pilot Study
Results from the pilot study can be found in supplemental material. Overall, participants performed
similarly in this online card sorting task compared to previous in-person card sorting tasks con-
ducted both in our lab and other labs. Participants tended to create more piles than there were iden-
tities present in the set, and the average numbers of piles created were similar to previous literature.
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Main Study
To identify outliers and their effect on the relationship between variables, we conducted the
Bonferroni Outlier Test to automatically compute extreme scores. This test revealed two outliers.
The removal of these outliers did not influence the assumption violations. Thus, outliers were
included in the analyses. For all analyses we report, we conducted tests of normality, sphericity,
and homogeneity of variance. In cases where the Mauchly’s test of Sphericity revealed significant
violations, we applied the Greenhouse–Geisser correction.

Number of Piles. Data for the number of piles formed were analysed using a 2× 2× 3 between-
subjects analysis of variance, where familiarity (familiar, unfamiliar), face race (own-race, other-
race), and feature condition (whole, external and internal) varied between participants. We found
a significant main effect of familiarity, F(1, 246)= 16.72, p <.001, ηp2= .07, with fewer piles
created for familiar faces (M= 5.28, SD= 4.86) compared to unfamiliar faces (M= 7.53, SD=
4.53). We also found a significant main effect of feature condition, F(2, 246)= 11.54, p <.001,
ηp2= .09: significantly more piles were created for external feature images (M= 8.30, SD= 4.94)
compared with both internal feature (M= 5.86, SD= 4.82), t(166)= 3.25, p= .001, and whole
face images (M= 5.26, SD= 4.18), t(161)= 4.34, p <.001. There was no significant difference
between performance on internal feature images and whole face images, t(168)= .88, p= .38.
There was no main effect of face race, F(1, 246)= 2.25, p= .14, ηp2= .009. Although there was a
significant familiarity X feature condition interaction, F(2, 246)= 6.63, p= .002, ηp2= .05, the
familiarity X face race interaction was not significant, F(1, 246)= .70, p= .41, ηp2= .003, nor
was the three-way familiarity X face race X feature condition interaction, F(2, 246)= 1.76, p=
.18, ηp2= .01 (Figure 3).

Figure 3. These violin plots present the number of piles created in (a) whole face condition; (b) internal

features only condition; and (c) external features only condition. The whiskers (shown as the red lines in the

centre of the plot) represent the SD. The bolded points (shown in red) are the mean number of piles created

in the respective card sorting condition.
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To further test our hypotheses, we carried out planned comparison t-tests to break down the sig-
nificant two-way interaction between familiarity X feature condition. Planned comparisons
revealed that for familiar faces, participants created fewer piles in both the whole face (M=
3.05), t(47)=−6.07, p <.001, and the internal features only conditions (M= 4.34), t(77)=−3.71,
p= .0004 when compared to the external features only condition (M= 8.56). No difference was
found in the number of piles created for familiar faces in the whole face condition than in the
internal features only condition, t(49)=−1.68, p= .099. In contrast, for unfamiliar faces, there
were no statistically significant differences among the three feature conditions in the number of
piles created. Thus, participants perceived fewer identities in the internal features only condition
than in the external features only condition for familiar faces (Hypothesis 1). For unfamiliar
faces, participants perceived a similar number of identities across all feature conditions.

Intrusion Errors. For the number of intrusion errors, we found a significant main effect of familiarity,
F(1, 246)= 63.56, p <.001, ηp2= .04, with fewer errors created for familiar faces (M= 1.30, SD=
1.76) compared to unfamiliar faces (M= 2.83, SD= 1.93). We also found a significant main effect
of race, F(1, 246)= 8.80, p <.01, ηp2= .01: significantly more errors were made for White faces (M
= 2.37, SD= 2.17) compared to Black faces (M= 1.82, SD= 1.78). We also found a significant
main effect of feature condition, F(2, 246)= 45.64, p <.001, ηp2= .06: significantly more errors
were made for external feature images (M= 3.33, SD= 1.77) compared with both internal feature
(M= 1.88, SD= 1.99), t(163)= 4.87, p <.001, and whole face images (M= 1.24, SD= 1.57),
t(164)=−8.55, p <.001. There was also a significant difference between performance on internal
feature images and whole face images, t(160)= 2.82, p <.01. Although there was a significant famil-
iarity X feature condition interaction, F(2, 246)= 8.21, p=<.001, ηp2= .06, the familiarity X face race
interaction was not significant, F(1, 246)= 2.01, p= .16, ηp2= .00, nor was the three-way familiarity X
face race X feature condition interaction, F(2, 246)= .99, p= .37, ηp2= .01 (Figure 4).

Figure 4. These violin plots present the number of intrusion errors created in (a) whole face condition; (b)

internal features only condition; and (c) external features only condition. The whiskers (shown as the red

lines in the centre of the plot) represent the SD. The bolded points (shown in red) are the mean number of

piles created in the respective card sorting condition.
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To further test our hypotheses, we carried out planned comparison t-tests to break down the sig-
nificant two-way interaction between familiarity X feature condition. Planned comparisons
revealed that for familiar faces, participants created fewer errors in both the whole face (M=
.41), t(65)=−8.16, p <.001, and the internal features only conditions (M= .55), t(61)= 7.85, p
<.001 when compared to the external features only condition (M= 2.93). No difference was
found in the number of errors created for familiar faces in the whole face condition than in the
internal features only condition, t(80)= .67, p= .25. For unfamiliar faces, participants created
fewer errors in the whole face condition (M= 1.84) when compared to the internal features only
(M= 3.18), t(86)= 3.55, p <.001, and external features only conditions (M= 3.68), t(83)=
−4.98, p <.001. No difference was found in the number of errors created for unfamiliar faces in
the external features only condition than in the internal features only condition, t(83)= 1.29, p=
.10. Thus, participants made fewer recognition errors in the internal features only condition than
in the external features only condition for familiar faces (Hypothesis 1). For unfamiliar faces, par-
ticipants made a similar number of recognition errors across both the internal features only and the
external features only conditions.

Sensitivity Analysis (d’). For sensitivity (d’), there was a main effect of familiarity, F(1, 246)=
154.09, p <.001, ηp2= .27, and a main effect of feature condition, F(2, 246)= 58.16, p <.001, ηp2

= .20, but no main effect of face race, F(1, 246)= .21, p= .65, ηp2= .00. The familiarity X
feature condition interaction was statistically significant, F(2, 246)= 25.74, p <.001, ηp2= .09,
whereas both the familiarity X face race interaction, F(1, 246)= 1.94, p= .17, ηp2= .003, and the
familiarity X face race X feature condition interaction, F(2, 246)= .27, p= .76, ηp2= .00 were not.

Lower sensitivity was found for the unfamiliar conditions (M= 1.05, SD= 1.09) compared with
familiar conditions (M= 3.22, SD= 2.31), and for external feature images (M= .84, SD= .89) com-
pared to both internal feature (M= 2.29, SD= 2.17), t(114)=−5.70, p <.001, and whole face
images (M= 3.10, SD= 2.21), t(118)=−8.85, p <.001. As well, sensitivity was greater for
whole face images than internal feature images, t(173)=−2.44, p= .02. We conducted planned
comparison t-tests to break down the two-way interaction between familiarity X feature condition.
Planned comparisons revealed that for familiar faces, there was greater sensitivity in both the whole
face, t(65)= 10.49, p <.001, and the internal features only conditions, t(61)= 8.38, p <.001 when
compared to the external features only condition, with no difference between the whole face and the
internal features only conditions, t(82)= 1.50, p= .14. For unfamiliar faces, greater sensitivity was
found in the whole face condition when compared to both the internal features only, t(70)= 4.02, p
= .0002, and the external features only condition, t(67)= 4.56, p <.001. Sensitivity did not differ
between the internal features only and the external features only conditions, t(85)= .70, p= .48,
for unfamiliar faces. Overall, participants made fewer recognition errors (false alarms and
misses) when viewing familiar faces in the whole face and the internal features only conditions
than in the external features only condition. When viewing unfamiliar faces, participants made
fewer recognition errors in the whole face condition than in both the internal features only and
the external features only conditions.

Response Criterion (c). For response criterion (c), the results were similar to d’ such that there was a
main effect of familiarity, F(1, 246)= 22.96, p <.001, ηp2= .08, a main effect of feature condition,
F(2, 246)= 3.93, p= .02, ηp2= .03, and a familiarity X feature condition interaction, F(2, 246)=
6.25, p= .002, ηp2= .04. All other effects were not statistically significant. Planned comparisons
revealed a more negative response criterion for familiar faces in the external features only condition
when compared to both the whole face, t(80)= 4.50, p <.001, and the internal features only condi-
tions, t(79)= 2.79, p= .007, with no difference between the whole face and the internal features
only conditions, t(78)= 1.33, p= .19. For unfamiliar faces, response criterion did not differ
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among any of the three feature conditions. Thus, participants assumed greater variability and made
more false alarm errors when viewing familiar faces in the external features only condition than in
the whole face and the internal features only conditions. When viewing unfamiliar faces, partici-
pants did not differ in their tendency to make false alarm errors across all feature conditions. See
Figure 5 for a summary of the sensitivity and response criterion findings.

Discussion
Previous research has extensively examined familiar and unfamiliar face recognition, as well as own-
and other-race face recognition; however, few studies have investigated their interaction or their
impact on adults’ reliance on different features for recognition (Havard, 2021; Wong et al., 2020).
Thus, in the current study, we investigated how race and familiarity affect card sorting behaviour
when participants are presented with full faces or are limited to only the internal or external features.

Across both the pilot and the main study, we found a robust main effect of familiarity: partici-
pants showed better recognition, as measured by the number of piles, number of intrusion errors,
and sensitivity (d’), of familiar faces when compared to unfamiliar faces. These findings are con-
sistent with previous literature using a range of face recognition tasks (Kramer et al., 2018; Want
et al., 2003; Wong et al., 2020). Both children and adults can more accurately recognize familiar
faces when compared to newly encountered unfamiliar faces (Baker et al., 2017; Ellis et al.,
1979), and are more likely to sort familiar faces into the correct number of piles than unfamiliar
faces (Andrews et al., 2015; Jenkins et al., 2011; Kramer et al., 2018; Young & Burton, 2017;
Zhou & Mondloch, 2016). That participants created fewer piles for familiar faces indicates better
ability to generalize across different images of the same identity. This is consistent with theories
of familiar versus unfamiliar face recognition that suggest that changes in pose, expression and
context can impair recognition of unfamiliar but not familiar faces (Johnston & Edmonds, 2009).

Figure 5. Summary of the sensitivity scores and response criterion for all of the feature conditions: (a) and

(b) whole faces, (c) and (d) internal features only, and (e) and (f) external features only. Error bars represent

standard error.
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In the current study, we also found that, overall, participants created fewer piles for images of the
full face and for images including only the internal features (i.e., eyes, nose and mouth), regardless
of face category, indicating a smaller number of perceived identities for these conditions compared
to the condition with images of only the external features (i.e., hair, face contour and ears). This is
consistent with previous literature that suggests poorer recognition of faces when only the external
features are present (Kramer et al., 2018; Tanaka & Sengco, 1997). However, our analyses of sen-
sitivity (d’) revealed a somewhat different story: sensitivity was lower for images containing only
internal features compared to the images of the whole face, indicating better face recognition when
both internal and external features are made available. Sensitivity was lower for images containing
only external features compared to both images containing only internal features and images of the
whole face. These results highlight the importance of the identity information conveyed by the
external features, since excluding these features (i.e., in the images containing only internal fea-
tures) led to poorer recognition compared to the whole face. Similarly, both Havard (2021) and
Wong et al. (2020) found better recognition of faces when external features were presented
along with internal features (i.e., the whole face) when compared to when only the internal features
are presented.

We also found a more negative response criterion (c) when only the external features were pre-
sented when compared to both when only the internal features were presented and when the whole
face was presented. There was no difference in response criterion between when only the internal
features were presented and when the whole face was presented. Thus, there was a larger bias
towards reporting a greater number of identities for the external features only condition compared
to the internal features only or whole face condition (Balas & Pearson, 2017).

There was also a two-way interaction between familiarity and feature condition. Participants dis-
played better performance for familiar faces, as measured by the number of piles and sensitivity
(d’), for both the images containing only internal features and images of the whole face, than
images containing only the external features. Past research suggests an increased reliance on
internal features for familiar face recognition (Di Oleggio Castello et al., 2017; Ellis et al., 1979;
Megreya & Bindemann, 2009), and an increased reliance on external features for unfamiliar face
recognition (Bonner et al., 2003; Liu et al., 2013; Want et al., 2003). Similarly, we found an internal
feature advantage for familiar faces such that there was better performance when only the internal
features were presented than when only the external features were presented. In contrast, we found
no difference in performance for unfamiliar faces when only the internal features were visible and
when only the external features were visible. This finding is not consistent with previous literature
suggesting increased reliance on external features for unfamiliar face recognition. However, not all
studies have found differential reliance on external features for familiar versus unfamiliar faces.
Thus, it is possible that external features alone may not contain enough identity information to
accurately recognize unfamiliar faces and that adults may require the whole face (including both
internal and external features) to improve unfamiliar face recognition. Moreover, past research sug-
gests that as familiarity increases, adults become better equipped to recognize familiar faces even
with limited facial information (i.e., using only the internal features).

In the intrusion error analysis, we found a main effect of race. Participants created more errors
for own-race faces when compared to other-race faces. However, we did not find a main effect of
face race on any other measure, nor did we find any interactions involving race. Participants created
similar numbers of piles for own- and other-race faces, indicating a similar number of perceived
identities for both groups, and their sensitivity and response criterion for own- and other-race
faces did not differ significantly. The direction of the effect of race in the intrusion error analysis
is also inconsistent with previous literature. Previous research suggests more recognition errors
for other-race faces than own-race faces. The lack of other-race effect in the current data is incon-
sistent with a large literature demonstrating an other-race effect in face recognition (for a review, see
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Meissner & Brigham, 2001), including studies using the card sorting task. Laurence and colleagues
(2016) found that both East Asian and White participants created twice the number of piles for
other-race unfamiliar faces than own-race unfamiliar faces. Although we observed a similar
pattern, where more piles were created for the other-race unfamiliar faces (M= 8.12) than for
own-race unfamiliar faces (M= 6.38), this difference was not significant. Additionally, the lack
of interaction between face race and face familiarity in the current study is inconsistent with
Zhou and Mondloch (2016), who found that East Asian participants showed a robust other-race
effect when sorting unfamiliar faces, but no other-race effect when sorting familiar (celebrity)
faces. Finally, the lack of interaction between face race and feature condition is inconsistent with
previous literature (Havard, 2021; Wong et al., 2020), who found greater performance for other-
race faces when external features were presented along with internal features (i.e., whole face
condition), and better recognition performance for own-race faces when internal features were pre-
sented alone.

Furthermore, the discrepancy in results between our three metrics of accuracy—number of piles
created, number of intrusion errors made and sensitivity scores—reflects the importance of more
fine-grained analyses. Because the number of piles metric does not account for both types of rec-
ognition error in a card sorting task, and the intrusion errors metric only accounted for one type of
error (different person/same group error), d’ is a more sensitive measure of overall recognition
performance.

There are several possible explanations for the lack of an other-race effect in the current study.
Previous literature suggests that the other-race effect is a statistically small effect, and the face-
familiarity effect is a much larger effect found in both face memory and face recognition tasks
(Meissner & Brigham, 2001; Rossion & Michel, 2012). Zhou and colleagues (2021) conducted
an old/new recognition task and found that the effect size for face-familiarity (n2= 0.33) was
approximately 10 times greater than that for racial group membership (n2= 0.03). Moreover, indi-
viduals with greater exposure to other-race faces (i.e., individuals from multiracial societies) gen-
erally show a weaker other-race effect (McKone et al., 2019; Wright et al., 2001; Zhou et al., 2019).
Previous studies that show a robust other-race effect recruited samples from primarily monoracial
communities. In the current study, almost one-third of participants were undergraduate students
living in Greater Toronto Area, a large, highly multiracial city (Statistics Canada, 2016).

Furthermore, the current study is the first to conduct an online card sorting task to assess adult
face recognition. The inherent methodological differences between an in-lab and an online card
sorting task may result in differences in findings that can be associated with variations in task
demands and other environmental variables. Although the current study found comparable
results to in-person card sorting tasks (Jenkins et al., 2011; Kramer et al., 2018), previous
studies have reported issues with online testing, including minimal control over the research envir-
onment, and loss of data or low-quality responses (Kinney, 2001; Lochner, 2016). The card sorting
task requires detailed comprehension of task instructions for participants to accurately complete the
task and form individual piles for each identity. These instructions were either ignored or misun-
derstood by some of the participants, who were then excluded from the analysis (n= 26). This
loss of data can be minimized in an in-person card sorting task as participants are potentially
more attentive in lab and can gain clarification from the researcher regarding any aspect of the
study.

In this study, we analysed performance on the card sorting task by collapsing across the two face
pairs in each condition. Most face pairs within a condition (e.g., Black familiar) were not signifi-
cantly different from one another in recognition performance; however, there was a significant dif-
ference in the number of piles (perceived identities) created for the two Black unfamiliar identity
pairs, t(21)= 2.13, p= .045. This may be due to a difference in similarity between identities
within the face pairs. Previous studies suggest better discrimination of dissimilar identity pairs
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when compared to similar identity pairs (Davies et al., 1979; Ellis et al., 1992). This can lead to an
increased sensitivity to between-person differences which may reduce the number of piles created
in the card sorting task. Thus, it is possible that one pair of the two Black unfamiliar identity pairs
were more dissimilar in appearance leading to significantly fewer piles. Moreover, Freema
Agyeman, one of the Black unfamiliar celebrities, is on the show New Amsterdam, which at the
time was in the top 10 list on Netflix Canada. Thus, it is possible that although participants reported
no familiarity with Freema Agyeman, they may have had some exposure to her face and have been
somewhat familiar with this identity. In the current study, we conducted an online validation study
prior to beginning data collection, to assess familiarity ratings of target identities. In future studies,
it would be important to conduct a validation study that assesses similarity ratings alongside famil-
iarity ratings of each identity pair. This would ensure equivalent levels of similarity and familiarity
for the target identity pairs within each condition, thereby allowing researchers to accurately assess
the presence of the other-race effect during unfamiliar face recognition.

Future studies investigating the recognition of faces that vary in familiarity and race should con-
sider the type of stimulus employed across studies when comparing the results. Much of the pre-
vious literature assessing facial recognition uses stimuli consisting of only internal features,
excluding critical external information such as hair or face contour. The limited ecological validity
of stimuli displaying only internal features has been criticized in previous research (e.g., Wong
et al., 2020). Results based on face images without any cropping (e.g., with hair and facial contours
included) and that incorporate natural variability (i.e., variations in lighting, setting and appearance)
are arguably more representative of performance in real-world viewing conditions and may encour-
age reliance on external features for both unfamiliar faces and other-race faces (Megreya and
Bindemann, 2009). In contrast, images without external features may be more detrimental to the
recognition of unfamiliar face categories and thus may be more sensitive to detecting a potentially
subtle other-race effect (Wong et al., 2020).

This study extends previous research by examining the joint influence of race and familiarity on
the recognition of faces that vary in the presentation of internal and external features. Overall, we
found better performance for familiar than unfamiliar faces, and for faces that contained internal
features compared to only external features. These findings replicate past research: when faces
are unfamiliar, pictures of the same person appear to belong to several distinct identities
(Jenkins et al., 2011). This study also supports the attentional shift towards internal features as
face familiarity increases (Kramer et al., 2018; Wong et al., 2020), although these findings also
highlight the importance of external features during facial recognition. Examining face perception
in adults has important practical implications as it can inform in-person identification and can
provide suggestions to improve the accuracy of face recognition in contexts where face identifica-
tion is critical (e.g., border security).

Pilot Study
We first conducted a pilot study with 39 adult participants (28 women, 9 men, 2 preferred not to
answer; M age= 21 years, SD= 3.7, range: 17–32 years) recruited from SONA (Toronto
Metropolitan’s Psychology research pool) and through word of mouth. Only White individuals
(38 reported White ethnicity and 1 reported White and Indigenous ethnicity) were recruited for
this study. This study was conducted to assess the efficacy of the online card sorting task and
to compare its findings to patterns found in previous literature using the in-person card sorting
task. An additional five participants completed the pilot study but were excluded from data ana-
lysis due to reporting that they were familiar with one or more of the identities in the unfamiliar
condition or that they were unfamiliar with one or more of the identities in the familiar condition.
The stimuli and procedure were the same as in the main study. Participants were randomly
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assigned to one of four card sorting conditions: own-race familiar, other-race familiar, own-race
unfamiliar, and other-race unfamiliar. In the pilot study, all participants completed the whole face
feature condition.

Data for the number of piles formed, sensitivity and response criterion were analysed separately
using 2× 2 between-subjects analyses of variance, where both familiarity (familiar, unfamiliar) and
face race (own-race, other-race) varied between participants. For the number of piles, we found a
significant main effect of familiarity, F(1, 35)= 8.38, p= .007, ηp2= .19, with fewer piles created for
familiar faces (M= 3.00, Mdn= 2.00, SD= 1.29) compared to unfamiliar faces (M= 7.42, Mdn=
5.00, SD= 5.28). We did not find a main effect of face race, F(1, 35)= .04, p= .84, ηp2= .007
(Figure 6). As well, there was no familiarity X face race interaction, F(1, 35)= .37, p= .55, ηp2=
.01. However, there were more piles created in the unfamiliar other-race condition (M= 8.00,
Mdn= 7.50, SD= 4.88) when compared to the unfamiliar own-race condition (M= 7.06, Mdn=
4.50, SD= 5.64), a pattern in line with our predictions.

For sensitivity (d’), there was a main effect of familiarity, F(1, 35)= 32.90, p <.001, ηp2= .49:
lower sensitivity was found for the unfamiliar conditions (M= 1.20, SD= 1.28) compared with
familiar conditions (M= 4.15, SD= 1.85). Again, we did not find a main effect of face race,
F(1, 35)= .11, p= .74, ηp2= .003, and there was no familiarity X face race interaction, F(1, 35)=
.49, p= .49, ηp2= .01. Similarly, for response criterion (c) we found a main effect of familiarity,
F(1, 35)= 9.14, p= .005, ηp2= .20, but did not find a main effect of face race, F(1, 35)= .08, p=
.79, ηp2= .002 (Figure 7) or a familiarity x face race interaction, F(1, 35)= .76, p= .39, ηp2= .02.
A more negative response criterion was found for the unfamiliar conditions (M=−1.02, SD=
.63) compared with familiar conditions (M=−.40, SD= .52).

The goals of our pilot study were to (a) confirm that participants performed similarly in an online
card sorting task compared to in-person card sorting tasks and (b) determine whether our stimulus

Figure 6. This boxplot presents the number of piles created in the whole face conditions for the pilot study.

The whiskers (shown as the green and yellow lines extending from the box) represent the minimum and the

maximum values, whilst the midline represents the median, and the box presents the interquartile range (first

quartile, median and third quartile). The bolded points are outliers and the faded dots are the number of piles

created by each participant in the card sorting task.
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set elicited similar effects of familiarity and race as in previous literature. Participants tended to
create more piles than there were identities present in the set, and the average numbers of piles
created were similar to previous literature (i.e., M= 7.06 piles created for unfamiliar own-race
faces in the current study compared to M= 7.28 found for unfamiliar own-race faces in the
Zhou and Mondloch, 2016, study). Additionally, participants created fewer piles for familiar
faces than unfamiliar faces, and greater sensitivity was found for familiar than unfamiliar
faces, which is consistent with previous literature (Jenkins et al., 2011; Kramer et al., 2018)
and suggests a robust representation of familiar faces leading to greater recognition perform-
ance. As well, less negative response criterion was found for familiar than unfamiliar faces sug-
gesting a bias towards reporting greater variation for unfamiliar faces (Balas & Pearson, 2017).
Contrary to prior card sorting tasks, however, we did not find a statistically significant main
effect of face race or an interaction between familiarity and face race, which is inconsistent
with previous literature (Zhou & Mondloch, 2016). However, there was an indication of
better recognition performance for unfamiliar own-race faces (Mdn= 4.50) when compared to
unfamiliar other-race faces (Mdn= 7.50), suggesting that we might find an effect of face race
with a larger sample. It is also possible that the typical other-race effect was diminished in
the current sample. Previous studies with samples that have greater exposure to other-race
faces (i.e., individuals from multiracial societies) have shown a weaker other-race effect in
unfamiliar face recognition (De Heering et al., 2010; Wright et al., 2001). Wright et al.
(2001) found that Black university students with greater exposure to White faces when com-
pared to the general population, showed similar recognition accuracy for both White and
Black faces. Similarly, the current pilot study only consisted of university students from the
Greater Toronto Area, a highly multiracial metropolitan area, who may not show a large other-
race effect due to greater exposure to other-race faces. Thus, we expanded recruitment for the
main study beyond Toronto-area university students and instead included both Canadian and
American residents between the ages of 18 and 47.

Figure 7. Mean sensitivity (d’) and response criterion (c) scores for the pilot study. Error bars represent

standard error of the mean.
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Exploratory Analyses
Intergroup Contact. To assess the impact of contact between social groups on recognition perform-
ance, we conducted exploratory data analyses using participant responses on the Intergroup
Relations CQCQ scale. The first question ‘how much contact do you have with X people at univer-
sity?’ on the CQCQ scale was removed during analysis as this question did not apply to the entire
sample (i.e., participants who were recruited from Prolific were not all university students). We com-
puted two means for each participant: one for the quantity of contact with a group (i.e., Q2-6 in the
CQCQ scale) and the other for the quality of contact with a group (i.e., Q6-10 in the CQCQ scale).
These means were compared within groups of participants who sawWhite faces and participants who
saw Black faces. On a Likert scale of 1 to 7, participants rated quantity of contact with White indi-
viduals significantly higher (M= 5.69, SD= 1.11) than quantity of contact with Black individuals (M
= 3.17, SD= 1.56), t(237)=−14.98, p <.001. However, participants rated quality of contact with
Black individuals significantly higher (M= 5.24, SD= 1.16) than quality of contact with White indi-
viduals (M= 4.96, SD= .96), t(251)= 2.10, p= .04. Next, we compared responses on the CQCQ
scale to performance on the card sorting task using correlations and scatterplots. Both the
Spearman rank-based correlation tests and the scatterplots did not show a relationship between the
quantity (R=−.14, p= .12) and the quality (R=−.05, p= .54) of contact with Black individuals
and the number of piles (i.e., perceived identity) created on the card sorting task byWhite participants
who saw images of Black celebrities (Figure 8). As well, there was no correlation between the quan-
tity (R=−0.04, p= .63) and the quality (R=−0.07, p= .41) of contact withWhite individuals and the
number of piles created by White participants who saw images of White celebrities (Figure 9).

Impact of Contact on Recognition. Considering the absence of the other-race effect, it was important
to investigate the contact our White participants had with the target other-race group (i.e., Black

Figure 8. These scatterplots present the mean scores of participants for the (a) quantity or (b) quality of

contact with Black individuals and the number of piles created in the card sorting task when sorting images of

Black celebrities.
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individuals) compared to contact with White individuals. On the Intergroup Relations CQCQ scale,
participants rated quantity of contact with White individuals significantly higher than quantity of
contact with Black individuals, but rated quality of contact with Black individuals significantly
higher than quality of contact with White individuals. We speculate that this discrepancy may be
a result of the type of questions in the contact scales. Questions assessing quantity of contact are
direct and ask participants about their day-to-day interactions with other-race individuals (i.e.,
‘How much contact do you have with Black people as close friends?’), whereas questions asses-
sing quality of contact are less direct and can heighten a participants’ awareness of their attitude and
biases towards the target racial group (i.e., ‘To what extent did you experience contact with Black
people as pleasant?’). Thus, White participants may have responded more positively to questions
about quality of contact due to actively attending to and working against their racial biases.

Contrary to the contact hypothesis (Chiroro & Valentine, 1995), performance on the card sorting
task (i.e., number of piles and sensitivity) did not positively correlate with the quality or quantity of
contact with own- or other-race individuals. A similar result was found in Wong et al. (2020) where
both self-reported quantity and quality of contact with other-race individuals on a social contact
questionnaire, did not consistently predict how well other-race faces were recognized in a yes-no
paradigm. In Meissner and Brigham’s (2001) meta-analysis of the other-race effect, self-reported
contact with other-race individuals only accounted for 2% of the variance in the magnitude of
the other-race effect. One possibility for the lack of relation between self-reported exposure and per-
formance on other-race faces is that the CQCQ scale assesses current contact. There is substantial
evidence that early exposure to other-race faces, during a sensitive period for the development of
face perception, is instrumental in modifying the magnitude of the other-race effect (De Heering
et al., 2010; McKone et al., 2019; Sangrigoli et al., 2005; Zhou et al., 2021; Zhou et al., 2019),
whereas exposure in adulthood has little effect (McKone et al., 2019; Zhou et al., 2021; Zhou
et al., 2019).

Figure 9. These scatterplots present the mean scores of participants for the (a) quantity or (b) quality of

contact with White individuals and the number of piles created in the card sorting task when sorting images

of White celebrities.
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