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Abstract
Adults’ ability to recognize individual faces is shaped by experience. Young adults
recognize own-age and own-race faces more accurately than other-age and other-race
faces. The own-age and own-race biases have been attributed to differential perceptual
experience and to differences in how in-group vs. out-group faces are processed, with ingroup faces being processed at the individual level and out-group faces being processed
at the categorical level. To examine this social categorization hypothesis, young adults
studied young and older faces in Experiment 1 and own- and other-race faces in
Experiment 2. During the learning phase the identity-matching group viewed faces in
pairs and completed a same/different task designed to enhance attention to individuating
cues; the passive-viewing group memorized faces presented individually. After the
learning phase, all participants completed an identical old/new recognition task. Both
passive-viewing groups showed the expected recognition bias, but divergent patterns
were observed in the identity-matching groups. Whereas the identity-matching task
eliminated the own-age bias, it neither eliminated nor reduced the own-race bias.
Collectively, these results suggest that categorization-individuation processes do not play
the same role in explaining the two recognition biases.
Keywords: face recognition, categorization-individuation processes, own-age
bias, own-race bias.
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Attending to Identity Cues Reduces the Own-age but not the Own-race Recognition
Advantage
Adults’ ability to recognize individual faces is shaped by experience. Numerous
studies have provided evidence that young adults recognize own-race faces more
accurately than other-race faces (the own-race recognition bias, ORB; reviewed in
Bothwell, Brigham, & Malpass, 1989; Meissner & Brigham, 2001). Likewise, they
recognize young adult faces more accurately than older adult, child and infant faces (the
own-age recognition bias, OAB, reviewed in Rhodes & Anastasi, 2012; see Kuefner,
Macchi Cassia, Picozzi, & Bricolo, 2008). These biases are evident even when (nearly)
identical images are presented during the study and test phase. They provide an
opportunity to investigate the impact of experience on the accuracy with which
individual faces are recognized and the extent to which differential recognition across
face categories is driven by perceptual expertise vs. social cognition.
The most traditional paradigm for examining these biases is the old/new
recognition task. During a learning phase, participants are presented with previously
unknown faces from two categories (e.g., own vs. other-race; young vs. older adult). In
a subsequent test phase, participants are shown the original identities intermixed with
novel identities and asked to decide whether each face had been seen during the learning
phase. Using this old/new recognition task, many studies have demonstrated both the
own-race (e.g. see Golby, Gabrieli, Chiao, & Eberhardt, 2001; MacLin & Malpass,
2001; Rhodes, Locke, Ewing, & Evangelista, 2009; Semplonius & Mondloch, 2015;
Wright, Boyd, & Tredoux, 2003) and the own-age bias (Anastasi & Rhodes, 2006;
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Bäckman, 1991; He, Ebner, & Johnson, 2011; Wiese, Schweinberger, & Hansen, 2008;
Wiese, Wolff, Steffens, & Schweinberger, 2013; Wiese, 2012; Wright & Stroud, 2002;
see Rhodes & Anastasi, 2012; Wiese, Komes, & Schweinberger, 2013 for reviews).
Despite numerous replications of both the ORB and the OAB, the mechanisms
underlying these biases remain under debate. Both biases have been characterized as a
problem of perceptual expertise (e.g.: Rhodes, Brake, Taylor, & Tan, 1989; Tanaka,
Kiefer, & Bukach, 2004; Valentine, 1991); according to this perspective it is the lack of
perceptual experience with other-age and other-race faces that leads to poor recognition.
For example, one account suggests that the dimensions we use to encode faces are
refined by experience and therefore better suited to own-race and young adult faces
(Valentine, 1991). Several lines of evidence support this explanation. Adults are more
sensitive to differences among faces in feature shape and spacing in own- compared to
other-race faces (Hayward, Crookes, & Rhodes, 2013; Michel, Caldara, & Rossion,
2006; Mondloch & Desjarlais, 2010), they possess separable norms for own- vs. otherrace faces (Jaquet, Rhodes, & Hayward, 2007, 2008), and they show greater sensitivity
to deviations from a prototypical face when viewing own- compared to other-race faces
(Zhou, Short, Chan, & Mondloch, 2016). Although fewer studies have examined the
mechanisms underlying the own-age bias, young (and older) adults also show greater
sensitivity to deviations from a prototypical face when viewing young compared to
older adult faces (Short & Mondloch, 2013), show less consensus in judging
attractiveness of older (and other-race) compared to young faces (Zhou et al., 2016), and
have separable norms for young vs. older adult faces (Short, Proietti, & Mondloch,
2015).
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An alternative explanation is the Social Categorization hypothesis. According to
this model, both the ORB and the OAB have their roots in the level at which faces are
processed. Whereas in-group faces are processed at the individual level (“That’s Julie”),
out-group faces are processed at the categorical level (“That’s a Caucasian/Chinese
woman”). Processing a face at the categorical level impairs subsequent recognition
(Hugenberg, Young, Bernstein, & Sacco, 2010; Young, Hugenberg, Bernstein, &
Sacco, 2012) because features that distinguish between identities within the same
category are not encoded—or at least not well. Two lines of evidence are consistent
with this hypothesis. First, adults (Ge et al., 2009; Levin, 1996, 2000) and infants
(Hayden, Bhatt, Joseph, & Tanaka, 2007) categorize other-race faces faster than ownrace faces, suggesting that categorical information is especially salient for out-group
faces. A comparable pattern has been observed when adults are asked to classify ownage vs. other-age faces (Wiese et al., 2008; also see Johnston, Kanazawa, Kato & Oda,
1997 ). Second, there is some evidence that the own-race and own-age biases can be
mimicked by randomly assigning young, own-race faces to a social in-group vs. a social
out-group. Under such conditions those faces assigned to a social in-group are
recognized more accurately, regardless of whether that group is based on personality
(Bernstein, Young, & Hugenberg, 2007; Short & Mondloch, 2010), university
affiliation, or socioeconomic status (Shriver, Young, Hugenberg, Bernstein, & Lanter,
2008). Such a finding indicates that it is the level of encoding, perhaps independently of
expertise per se, that influences subsequent recognition.
To the extent that the own-race and own-age recognition advantages are
attributable to a failure to encode individuating information, it should be possible to
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reduce or eliminate these effects by providing a task during the learning phase that
encourages attention to individuating information. To do so we asked participants to
make same/different judgements for pairs of images that comprised either two different
images of the same person or images of two different people. To make this
same/different task challenging we used ambient images that captured natural variability
in appearance (e.g., viewpoint, lighting, camera, expression, hairstyle) rather than the
tightly controlled images characteristic of most studies in face recognition. As noted by
Burton (2013) such stimuli tap true face recognition, rather than simple image
matching. Participants viewed each pair for 5s and then responded either same or
different. During the subsequent old/new recognition test they saw one image from each
pair intermixed with images of novel identities and indicated whether each face had
been seen during the learning phase. The images shown during the old/new recognition
test were identical to those shown during the learning phase because showing new
images of these newly learned images would almost certainly have led to floor effects.
We compared recognition accuracy of participants in this identity-matching
condition to that of participants in a passive-viewing condition who learned the same
images in the learning phase, but saw each face individually and were simply instructed
to memorize them for a later test. To the extent that participants are biased towards
attending to categorical rather than individuating information when processing older
adult and other-race faces (Laurence, Zhou, & Mondloch, 2016; Sporer & Horry, 2011;
see also Ellis & Deregowski, 1981) we predicted that the OAB and ORB would be
evident in the passive-viewing condition and that learning faces in the context of an
identity-matching task would reduce or eliminate these biases.
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In Experiment 1, participants were tested with young and older adult faces; in
Experiment 2, they were tested with own- and other-race faces. Studying both the ownrace and own-age biases using the same protocol also afforded a unique opportunity to
examine the assumption that these two biases reflect the same underlying mechanisms
(see Wiese et al., 2008). To the best of our knowledge only two studies have
investigated these biases simultaneously. Zhou et al. (2016) provided evidence that
young adults are more sensitive to how both own-race and own-age faces differ from an
average face than they are to how other-race and older faces differ from an average face.
Their finding suggests that the OAB and ORB are both attributable to representations of
variability among faces being more refined for own-age, own-race faces. Nonetheless,
there is some evidence that the underlying neural mechanisms for the own-race and
own-age recognition biases are, at least in part, distinct. Wiese (2012) found a neural
correlate for the own-age bias that was independent of face race and a neural correlate
for the own-race bias that was independent of face age (see also Wiese et al., 2013).
Thus, examining the impact of identity matching on subsequent recognition of both
older adult (Experiment 1) and other-race (Experiment 2) faces addresses another
important gap in the literature.
Experiment 1
Young adults studied young and older faces in either an identity-matching task
or a passive-viewing task; we hypothesized that the own-age bias would be reduced or
eliminated in the identity-matching condition. The identity-matching condition also
afforded an opportunity to investigate the influence of face age on perceivers’ ability to
make identity judgements for images that incorporate natural variability in appearance.
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Previous studies investigated differences in the perceptual processing of own- vs otherrace faces using a perceptual matching task and found a deficit for other-race faces
(Megreya, White, & Burton, 2011; Meissner, Susa, & Ross, 2013; Laurence et al.,
2016). To the best of our knowledge, no study has investigated perceptual matching of
young vs. older adult faces using photographs that capture natural variability in
appearance. We did so here using a same/different simultaneous matching task.
Methods
Participants.
Forty-eight Caucasian undergraduate students from Brock University
participated (38 female; M age = 19.63 years, range =17-26 years). We chose a sample
size of 24 participants in line with existing research investigating the own-race bias
(e.g.: Semplonius & Mondloch, 2015, n=20 participants/ condition; Rhodes et al., 2009,
n=20 participants/condition; Laurence et al., 2015, n=24 participants/condition) and the
own-age bias (e.g.: He et al., 2011; n=25 participants/condition; Proietti, Pisacane &
Macchi Cassia, 2013; n=18 participants/ condition; Short, Semplonius, Proietti &
Mondloch, 2015; n=20 participants/condition). The sample size of 24 participants per
cell gives us more than 95% power to detect an effect size of Cohen’s d=.87 for the
own-age bias and an effect size of Cohen’s d=1.16 for the other-race bias, estimates
based on the effect sizes obtained in previous studies conducted in our lab (Short et al.,
2015; Semplonius & Mondloch, 2015).
Participants completed a questionnaire assessing their weekly face-to-face
contact with both young and older (age 55+) adults (e.g. number of hours of interaction
per week). Participants in the final sample reported having extensive contact with young
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individuals (M = 43.29 hours/week) and low contact with older adults (M = 3.93
hours/week). An additional four participants who reported >10 hours/week of contact
with older adults were excluded from all analyses. All participants received research
credit for their participation.
Stimuli.
A total of 48 Caucasian young adult female identities (aged between 18 – 35)
and 48 Caucasian older adult female identities (aged 60 and older) were used as stimuli.
The identities were a mixture of minor celebrities (e.g., actresses, novelists, politicians)
and non-celebrities; all identities were unfamiliar to participants in Canada. Images
were selected from Google Images after using the name of the celebrity and the year as
search terms (e.g. Gloria Hunniford 2014). Following the procedure in Jenkins et al.
(2011), we selected two pictures of each identity in which the face exceeded 150 pixels
in height, was free from occlusions and captured from a frontal view. All the images
were cropped, converted to greyscale and presented on a white background. All faces
subtended 7.45 x 5.73 visual degrees when presented from 60 cm; when presented in
pairs, the two images were separated by 13.2 cm.
For each face category, we created two sets of stimuli: Set A and Set B. To
create Set A, eight identities were selected to create same trials. Both images of each
identity were shown during the learning phase; one randomly selected member of each
pair (the target image) was shown in the test phase. Sixteen identities were selected to
create different trials. Pairs were created based on physical similarity (e.g., similar hair
colour and weight); one randomly selected member of each pair (the target identity) was
shown in the subsequent recognition phase. Set B was the mirror image of Set A. Target
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identities from different trials in Set A were used to create same trials in Set B and
target images from same trials in Set A were paired with a physically similar identity to
create different trials in Set B. For participants in the identity-matching condition the
two images in each pair were presented side-by-side; for participants in the passiveviewing condition the two faces in each pair were presented individually and the entire
set of 64 faces was shown in a random order. The remaining 16 identities served as
distractor images and thus were presented only in the recognition phase (see procedure).
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Figure 1. A schematic diagram of our experimental design. Note. During the learning
phase, each face pair was presented for 5s in the identity-matching condition and each
individual face was presented for 2.5s in the passive viewing condition.
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Procedure.
All procedures in Experiments 1 and 2 received clearance from the Research
Ethics Boards of Brock University and were in accordance with the Declaration of
Helsinki. Informed written consent was obtained before testing each participant. The
experiment began with a learning phase followed by a recognition phase (see Figure 1).
Participants were randomly assigned to one of two learning conditions: identity
matching or passive viewing. Following the learning phase, participants from both
learning conditions completed an old/new recognition task.
Learning Phase.
Identity-matching condition. The identity-matching task comprised 32 trials (16
per facial age). For each face age there were eight “same trials” (two images of the same
person) and eight “different trials” (images of two different people). Each pair was
presented for 5s and preceded by a 1s fixation cross. After the face pair disappeared
participants pressed one of two keys (f, k) on the keyboard to indicate whether the two
facial images were of the same or different identities. Half of the participants viewed
Set A and the other half viewed Set B. The 32 trials were presented in a different
random order to each participant and no feedback was given.
Passive-viewing condition. Participants in the passive-viewing condition studied
the same 64 images presented to participants in the identity-matching condition.
However, faces were presented individually for 2.5 seconds (half of the presentation
time of face pairs); each face was preceded by a 1s fixation cross. Faces were presented
in a different random order to each participant. Half the participants viewed Set A and
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half viewed Set B. Participants were instructed to memorize each face and were not told
that some identities were represented by two images.
Recognition Phase.
Participants in both groups completed the same recognition task. The 32 target
images (16 for each face age) were intermixed with a single image of 32 novel identities
(16 for each face age). On each of the 64 trials participants were asked to indicate
whether they had seen each face during the learning phase by pressing one of two keys
(f, k) on the keyboard. Each face was presented until a response was made and was
preceded by a 1s fixation cross.
Results
Identity-Matching Task.
To compare performance for own- vs. other-race faces on the matching task we
analyzed d’—an unbiased measure of accuracy. To compare the pattern of errors for
each facial age we conducted additional t-tests with hits (responding ‘same’ on same
trials), false alarms (responding ‘same’ on a different trial) and criterion (c) as
dependent variables.
Overall accuracy (d’) did not differ for young (Md’ = 1.53; SDd’ = .74) vs. older
(Md’= 1.51; SDd’ = .59) faces, p = .87 (Figure 2a). However, the pattern of errors varied
with facial age. The proportion of hits was higher for older (M = .81; SD = .15) than
young (M = .71; SD = 0.16) faces, t (23) = 2.30, p = .03, Cohen’s d = .58, but so too was
the proportion of false alarms (Ms = .30 and .19; SDs = .18 and .17 for older and young
faces, respectively; t (23) = 2.48, p = .02, Cohen’s d = .65). This is supported by an
analysis showing that participants were less conservative for older (Mc = -.17; SDc =
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.42) than young (Mc = .16; SDc = .35) faces, t (23) = 2.99, p = .007, Cohen’s d = .85.
Thus, although accuracy in the identity-matching task was comparable across face ages,
participants were more likely to make a ‘same’ response when judging older faces than
when judging young faces, suggesting some difficulty in telling older adult faces apart.
Recognition Task.
To determine whether recognition accuracy varied as a function of face age and
learning condition we conducted a 2 (Face Age: Young, Older) x 2 (Learning
Condition: Identity Matching, Passive Viewing) mixed ANOVA with d’ as the
dependent variable. To investigate the pattern of errors as a function of facial age we
conducted three supplemental ANOVAs with hits, false alarms, and criterion as
dependent variables. A hit was defined as saying ‘familiar’ when a face had been
presented in the learning phase; a false alarm was defined as saying ‘familiar’ when a
face had not been presented in the learning phase (i.e., was novel).
The analysis of d’ revealed no significant main effects, ps > .10, but there was a
significant face age x learning condition interaction, F1, 46 = 4.31, p = .04, ηp² = .09.
Paired samples t-tests revealed that accuracy was higher for young (Md’ = 1.92; SDd’ =
.81) than older (Md’ = 1.63; SDd’ = .54) faces in the passive-viewing condition, t (23) =
2.15, p = .04, Cohen’s d = .42. In contrast, there was no effect of face age in the
identity-matching condition, p = .49, with comparable accuracy for young (Md’ = 2.04;
SDd’ = .81) and older (Md’ = 2.12; SDd’ = .65) faces. As shown in Figure 2b, the identity
matching task improved performance for older adult faces more than for younger faces.
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Figure 2. Overall accuracy (d’) in the identity-matching task (Panel a) and the old/new
recognition task (Panel b) in Experiment 1.

THE EFFECT OF IDENTITY CUES ON FACE BIASES 16
Supplemental Analyses. For hits, there were no significant effects, all ps > .25.
For false alarms, there was no main effect of face age, but there was significant effect of
learning condition, F1, 46 = 3.90, p = .05, ηp² = .08; the proportion of false alarms was
higher in the passive-viewing condition (M = .17; SD = 0.10) than the identity-matching
condition (M = .12; SD = .08). Critically, there was no face age x condition interaction,
ps > .12, suggesting that the reduction of false alarms in the identity-matching condition
was comparable for young and older faces. The analysis of criterion revealed no
significant effects, ps > .49.
Discussion
Consistent with numerous past studies, there was an own-age bias when faces
were learned in the context of a passive-viewing task. Learning faces in the context of
an identity-matching task—a task designed to encourage attention to identity cues—
improved accuracy for both young and older adult faces and eliminated the own-age
bias. This outcome is consistent with evidence that the OAB does not differ as a
function of whether encoding was incidental vs. intentional (Rhodes & Anastasi, 2012;
see also Hyde & Jenkins, 1970 for evidence that this pattern extends beyond memory
for faces). Nonetheless, elimination of the OAB in the identity-matching group is
remarkable given that these participants were not instructed to memorize faces during
the learning phase.
Participants’ accuracy in the identity-matching task did not differ for young and
older adult faces, but strategy did. Adults made more hits and more false alarms when
making same/different judgements about older faces relative to young faces. This
finding suggests that the accuracy with which young and older faces are recognized is
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comparable, but that the pattern of errors might differ; images of two different people
are more likely to be confused as belonging to the same person if the faces are older, but
two images of the same person are more likely to be perceived as belonging to different
people if the faces are young.
These findings provide novel insights about perceptual and cognitive
mechanisms underlying the own-age bias. Although perceptual expertise certainly
contributes to the own-age advantage seen in young adults (see Short & Mondloch,
2013), our results suggest that the own-age bias derives, at least in part, from
differences in categorization/individuation processes. Unless explicitly instructed to
attend to identity cues, older faces are less likely to be processed at the individual level
than are young faces. We argue this point further in the General Discussion. First,
however, we investigated whether the same manipulation eliminates another wellestablished effect: the own-race recognition advantage.
Experiment 2
In Experiment 2 we used a paradigm identical to that used in Experiment 1
except older adult faces were replaced with young, other-race faces. Doing so allowed
us to examine whether completing the identity-matching task with own- and other-race
faces would improve performance on the subsequent old/new recognition task and
reduce or eliminate the own-race bias, as it reduced the own-age bias in Experiment 1.
We also examined the influence of face race on accuracy in the identity-matching task.
Based on previous studies (Megreya et al., 2011; Meissner et al., 2013) we
predicted more accurate performance for own- compared to other-race faces on the
matching task. When asked to find a target identity in a lineup comprising 10 images,
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participants make fewer hits and more false alarms when viewing other-race compared
to own-race faces (Megreya et al., 2011). Likewise, when asked to sort a pile of 40
photographs such that each pile contains all of the images of one identity, participants
make more piles (i.e., perceive more identities) when sorting other-race than own-race
faces (Laurence et al., 2016; see also Meissner et al., 2013; Sporer, Trinkl, & Guberova,
2007, for poor performance with other-race faces in identity-matching tasks).
Nonetheless, to the extent that the ORB is driven by the same mechanisms underlying
the OAB it should be eliminated or mitigated in the identity-matching condition.
Method
Participants.
Forty-eight Caucasian undergraduate students from Brock University
participated in this study (44 female; M age = 20.13 years, range =18-25 years) 3.
Participants completed a questionnaire assessing their weekly face-to-face contact with
both Caucasian and East Asian (herein “Asian” for ease of reporting) individuals (e.g.
number of hours of interaction per week; number of close friends). An additional six
participants who reported >10 hours of contact/week and/or provided a general
statement indicating extensive experience with Asian individuals (e.g.: “I lived in China
for 4 years in the past”) were excluded from the final sample. Participants in the final
We chose a sample size of 24 participants in line with existing research investigating the ownrace bias (e.g.: Semplonius & Mondloch, 2015, sample size N=20 participants/ condition;
Rhodes, Locke, Ewing, & Evangelista, 2009, sample size N=20 participants/ condition; Laurence,
Zhou & Mondloch, 2015, sample size N=24 participants/ condition) and the own-age bias (e.g.:
He, Ebner & Johnson, 2011; sample size N=25 participants/ condition; Proietti, Pisacane &
Macchi Cassia, 2013; sample size N=18 participants/ condition; Short, Semplonius, Proietti &
Mondloch, 2015: sample size N=20 participants/ condition). Note that the sample size of 24
participants per cell gives us more than 95% power to detect an effect size of Cohen’s d=.87 for
the own-age bias and an effect size of Cohen’s d=1.16 for the other-race bias, estimates based
on the effect sizes obtained in previous studies conducted in our lab (Short, Semplonius, Proietti
& Mondloch, 2015; Semplonius & Mondloch, 2015).
3
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sample reported to have extensive contact with Caucasian individuals (M= 56.14
hours/week) and low contact with Asian individuals (M= 2.43 hours/week)—a pattern
comparable to that of participant in Experiment 1. All participants received research
credit for their participation.
Stimuli and Procedure.
The stimuli and procedures were identical to Experiment 1 except older adult
faces were replaced with young East Asian faces.

Figure 3. Overall accuracy (d’) in the identity-matching task (Panel a) and the old/new
recognition task (Panel b) in Experiment 2.
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Results
Identity-Matching Task.
Participants were more accurate when making same/different judgements for
own- (Md’ = 1.57, SDd’ = .64) than other-race (Md’= .58, SDd’ = .74) faces, t (23) = 6.58,
p < .001, Cohen’s d = 1.43 (Figure 3a). This difference in accuracy was driven by worse
discrimination of other-race faces; whereas the proportion of hits (responding ‘same’ on
same trials) was comparable for own- (M = .68, SD = .15) and other-race (M = .63, SD =
.19) faces, p = .30, Cohen’s d = 0.29, participants made more false alarms (responding
‘same’ on different trials) for other-race (M = .42, SD =.18) than own-race (M = .15, SD
= .13) faces, t (23) = 7.20, p < .001, Cohen’s d = 1.78. This pattern is reflected in a less
conservative criterion for other-race (Mc = -.09, SDc = .36) than own-race (Mc = .28, SDc
= .31) faces, t (23) = 3.79, p = .001, Cohen’s d = 1.09. Thus, matching identity was
more difficult for other-race faces, an effect driven by the difficulty of telling other-race
faces apart.

Recognition Task.
The analysis of d’ revealed main effects of both learning condition, F1, 46 = 7.25,
p = .01, ηp² = .14, and face race, F1, 46 = 41.72, p < .001, ηp² = .48; accuracy was higher
after completing the identity-matching task (Md’ = 1.77, SD d’= .63) than after the
passive-viewing task (Md’ = 1.29, SD d’= .60), and for own- (Md’ = 1.8, SD d’= .80) than
other-race (Md’ = 1.26, SDd’= .63) faces. The significant interaction between face race
and learning condition, F1, 46 = 4.00, p = .05, ηp² = .08, indicates that the magnitude of
the ORB was influenced by how faces were studied. Paired samples t-tests revealed a
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significant ORB in both the identity-matching condition, t (23) = 6.59, p < .001,
Cohen’s d = 1.04, and the passive-viewing condition, t (23) = 2.91, p = .008, Cohen’s d
= .56. The interaction is driven by the ORB being larger in identity-matching condition
(Mdiff = .71; SDdiff = .53) than in the passive-viewing task (Mdiff = .38; SDd’ = .63)
(Figure 3b)—a pattern opposite that seen for young vs. older faces. Indeed, d’ increased
more in the identity-matching condition relative to the passive-viewing condition for
own-race (Md’ = 2.12, SDd’ = .70 vs. Md’ = 1.48, SDd’ = .78) than other-race (Md’ =
1.41, SDd’ = .66 vs. Md’ = 1.10, SDd’ = .55) faces. In short, there was no evidence that
performing the identity-matching task reduced the ORB.
That the identity-matching task had a different impact on the accuracy with
which other-race and older adult faces were recognized was confirmed by an analysis in
which data from the two experiments were combined. An Experiment (Face Race/Face
Age) x Learning Condition x Face Type (In-Group vs. Out-Group) ANOVA revealed a
significant 3-way interaction, F1, 46 = 8.31 p = .005, ηp² = .08.
Supplemental Analyses of the ORB. For hits, there was no main effect of face
race or learning phase, ps > .20. The significant face race x learning condition
interaction, F1, 46 = 7.67, p = .008, ηp² = .14, revealed that the proportion of hits was
comparable for own- (M = .73, SD = .21) and other-race (M = .69, SD = .15 ) faces in
the identity-matching condition, p > .25, but higher for other-race (M = .71, SD = .15)
than own-race (M = .62, SD = .19) faces in the passive-viewing condition, t (23) = -2.63,
p = .02, Cohen’s d = 0.57. Making more hits for other- than own-race faces in the
passive-viewing task does not indicate higher accuracy. An analysis of false alarms
revealed a significant effect of face race, F1, 46 = 41.05, p < .001, ηp² = .47 and a
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significant effect of learning condition, F1, 46 = 8.99, p = .004, ηp² = .16, with no face
race x learning condition interaction, p = .36. Participants made more false alarms for
other-race (M = .27, SD = .16) than own-race (M = .12, SD = .10) faces, and after
passive-viewing (M = .24, SD = .11) than after the identity-matching task (M = .15, SD
= .08). Finally, the analysis of criterion revealed no main effect of learning phase, p >
.43. There was a main effect of face race, F1, 46 = 18.13, p < .001, ηp² = .28, indicating
the use of a more conservative strategy for own- (Mc = .36, SDc = .39,) than other-race
(Mc = .06, SDc = .36) faces. The interaction between face race and learning condition
did not reach the significance level, p = .09, ηp² =.06.
Discussion
Consistent with numerous past studies, there was an own-race recognition
advantage when faces were learned in the context of a passive-viewing task. Learning
faces in the context of an identity-matching task—a task designed to encourage
attention to identity cues—improved overall accuracy, but did not reduce the magnitude
of the ORB. Indeed, there was a tendency for the ORB to be augmented in the identitymatching condition. This finding is inconsistent with claims that the ORB is largely a
result of differences in social cognition (i.e., to own-race faces being processed at the
individual level while other-race faces are processed at the categorical level). Rather our
finding points to the importance of perceptual expertise. This conclusion is consistent
with accuracy in the identity-matching task being higher for own-race than other-race
faces.
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General Discussion
Across two studies, we replicated the well-established own-age and own-race
biases when participants were instructed to memorize a set of individually presented
faces. In an old/new recognition task, participants recognized own-age faces more
accurately than other-age faces (Experiment 1) and own-race faces more accurately than
other-race faces (Experiment 2). The novel contribution of our work lies in contrasting
the accuracy of participants in the standard passive-viewing condition with that of
participants who completed an identity-matching task during the learning phase. We did
so to contrast two explanations for these recognition biases: Differential perceptual
expertise (Rhodes, et al., 1989; Tanaka, et al., 2004; Valentine, 1991) and differences in
the extent to which faces from these categories are processed at the individual vs.
categorical level (e.g., Hugenberg et al., 2010). The identity-matching task was
designed to enhance attention to individuating cues: Faces were presented in pairs and
participants were asked to decide whether each pair contained two images of the same
person or images of two different people. To the extent that the OAB and ORB are
driven by other-age and other-race faces being processed at the categorical level, these
recognition biases should be reduced or eliminated in the identity-matching condition
relative to the passive-viewing condition.
Our findings provide evidence that the OAB and ORB are not driven by
identical underlying mechanisms. The identity-matching condition eliminated the OAB,
but did not even reduce the magnitude of the ORB. We conclude that the relative
contributions of perceptual expertise vs. social cognition differ for these two face
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categories, with social cognition making a larger contribution to the own-age bias and
perceptual expertise making a larger contribution to the own-race bias.
Performance in the identity-matching task supports our conclusion that
perceptual expertise plays an especially important role in the ORB. Participants made
more errors in the identity-matching task when judging other-race than own-race faces,
an effect driven by different trials. In contrast, face age did not impact participants’
overall accuracy in the identity-matching task. Indeed, accuracy on the identitymatching task was lower for other-race faces (Md’ = .58) than older adults faces (Md’ =
1.51). These contrasting patterns suggest that the ability to extract identity information
is impaired when judging other-race faces, but not other-age faces, and support our
conclusion that the OAB and the ORB are not two sides of the same coin.
Our finding that the identity-matching task did not reduce the ORB is consistent
with one previous study in which participants learned own- and other-race faces either
individually or in arrays comprising objects and multiple faces—a manipulation
designed to increase competition for attention (Semplonius & Mondloch, 2015).
Whereas the authors predicted that the ORB would increase in the context of increased
competition for attention, their results showed the opposite pattern. The ORB was larger
when faces were studied individually. Studying faces individually (relative to in arrays)
conferred a larger benefit on own-race faces, just as the identity-matching task
conferred a larger benefit on own-race faces than other-race faces in the current study. It
appears that learning faces under ideal conditions enhances the ORB, likely because it
maximizes the impact of perceptual expertise. In contrast, studying faces under ideal
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conditions appears to improve the recognition of older adults faces and eliminate the
OAB.
Strengths and Limitations
A strength of our study is that we used the same protocol to investigate both the
own-race and the own-age bias, with the same young Caucasian faces being presented
during the learning and recognition phases across experiments. Furthermore, we ensured
that all participants had minimal experience with the out-group category (i.e., older
adult individuals; East Asian individuals). Thus, it is unlikely that the quantity of
experience was a confounding factor that might explain the different pattern of results
across the two experiments (see Wan, Crookes, Reynolds, Irons, & McKone, 2015),
although it is possible that the quality of experience differed.
We note three limitations to our study. First, numerous researchers are calling
for a significant shift in how we investigate face recognition (see Burton, 2013). Ideally,
each face should be represented by multiple images that capture within-person
variability in appearance. Such an approach, which we applaud, assesses identity
recognition rather than simple image recognition. While we took this approach in the
identity-matching task, we were unable to do so for our recognition test. Had we
presented new images of learned identities in the recognition phase it is likely that
performance would have approached chance levels. After all, performance for
unfamiliar faces is quite poor even in simultaneous matching tasks (e.g., Jenkins, White,
Van Montfort, & Burton, 2011; Laurence et al., 2016; Megreya, et al., 2011; Meissner,
et al., 2013).
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Second, accuracy on the identity-matching task was lower for other-race faces
(Md’ = .58) than older adults faces (Md’ = 1.51). Likewise, accuracy on the recognition
task for participants in the standard passive-viewing condition was lower for other-race
faces (Md’ = 1.10) than older adult faces (Md’ = 1.63). Thus, one possibility is that the
OAB was more easily eliminated by the identity-matching task because the older faces
were less challenging than the other-race faces. To investigate this possibility, we tested
an additional sample (N=15) with older faces in the identity-matching condition. We
increased task difficulty by placing an oval occluder over each face to eliminate hair
cues. Doing so successfully reduced overall accuracy on the recognition task, but
accuracy remained comparable for young (Md’ = 1.28) and older faces (Md’ = 1.33), p >.
76. Thus even under more difficult task conditions the young face advantage was absent
when the learning phase drew attention to identity cues. We argue that poor identity
matching of other-race faces and poor recognition of them regardless of how faces are
learned is the point—both reflect a lack of perceptual expertise that is not easily
overcome. The extent to which other-race faces being especially hard to encode and
recognize (relative to other-age faces) contributes to this pattern should be investigated
in future studies. This could be done by contrasting recognition of relatively easy-torecognize vs. hard-to-recognize faces from all categories in the passive-viewing vs.
identity-matching conditions.
Third, our participants were all young Caucasian adults. Ideally, studies
investigating the OAB and the ORB would include a complete cross-over design (i.e.,
older adults and Eastern Asian participants) to avoid any possibility of a stimulus effect.
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We controlled for stimulus effects by using the same faces under two different task
conditions; nonetheless future studies should incorporate two participant groups.
Social categorization vs. perceptual expertise
Perceptual expertise almost certainly contributes to the OAB; both young and
older adults are more sensitive to deviations from an average face and show more
consensus in attractiveness judgements when viewing young than older faces (Short &
Mondloch, 2013; Zhou et al., 2016). Also, perceptual experience with other-age faces
modulates the OAB, suggesting that experience is an important factor in the expression
of the age bias (Kuefner et al., 2008; Macchi Cassia, Picozzi, Kuefner, & Casati, 2009;
Proietti, Pisacane, & Macchi Cassia, 2013).
Likewise, social cognitive factors almost certainly contribute to the ORB,
although the extent of their influence might vary across populations. Under some
conditions (e.g., when White participants are tested with Black faces: Hugenberg,
Miller, & Claypool, 2007; Rhodes et al., 2009; Young & Hugenberg, 2012) simply
instructing participants to increase their effort in learning other-race faces reduces the
ORB (see Wan, et al., 2015 for a discussion).
The complex contributions of social cognition vs. perception is abundantly clear
when one considers evidence that the strength of these two influences varies across
contexts within a face category. For example, when two categories share a similar social
status (e.g., Asian and Caucasian faces in Australia), the ORB might exclusively reflect
the impact of perceptual expertise (Wan et al., 2015). Under these conditions neither
motivation-to-individuate instructions (Tullis, Benjamin, & Liu, 2014; Wan et al., 2015)
nor categorizing Asian faces as belonging to an in-group eliminate the ORB (Kloth,
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Shields & Rhodes, 2014). In contrast, such manipulations can reduce the ORB in
Caucasian Americans (Hugenberg, et al., 2007; Young & Hugenberg, 2012) where
social motivation might play a larger role (see DeLozier & Rhodes, 2015, Exp.2 for
evidence that motivation can influence the own-race bias when participants can control
encoding). Likewise, the OAB varies within populations as a function of task (Proietti,
Macchi Cassia, & Mondloch, 2015). These findings are consistent with our discovery
that the relative contribution of social cognition vs. perception also varies across face
categories within a population.
Conclusion
Face matching and face memory are extremely important across a range of
applied settings (e.g. checking passports at an airport, selling age-restricted goods,
eyewitness testimony). Understanding the mechanisms underlying differential
recognition across face categories is an essential step towards improving performance.
Our findings demonstrate that providing a task that requires attention to identity
information during perceptual encoding of older adult faces overcomes the own-age
bias in face memory, likely because doing so leads to a richer perceptual representation
of the images studied. It is not the case that we cannot remember older adult faces; we
simply do so less accurately, unless we explicitly attend to individuating information.
Conversely, that same task does not overcome the own-race bias. We cannot remember
other-race faces and are more likely to make errors even in an identity-matching task.
Thus, other protocols should be investigated to reduce this important recognition bias.
Our findings add to growing evidence that although both recognition biases reflect
overlapping mechanisms, they should not be treated interchangeably. Just as the neural
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mechanisms underlying the own-age and own-race biases are not identical (Wiese et al.,
2008), our results suggest that the relative weighting of social categorization and
perceptual expertise differ across categories. In short, a one-theory-fits-all approach to
understanding the effect of face category on face recognition is limited.
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