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a b s t r a c t
Adults’ expertise in face recognition has been attributed to normbased coding. Moreover, adults possess separable norms for a variety of face categories (e.g., race, sex, age) that appear to enhance
recognition by reducing redundancy in the information shared by
faces and ensuring that only relevant dimensions are used to
encode faces from a given category. Although 5-year-old children
process own-race faces using norm-based coding, little is known
about the organization and reﬁnement of their face space. The current study investigated whether 5-year-olds rely on category-speciﬁc norms and whether experience facilitates the development of
dissociable face prototypes. In Experiment 1, we examined
whether Chinese 5-year-olds show race-contingent opposing aftereffects and the extent to which aftereffects transfer across face race
among Caucasian and Chinese 5-year-olds. Both participant races
showed partial transfer of aftereffects across face race; however,
there was no evidence for race-contingent opposing aftereffects.
To examine whether experience facilitates the development of category-speciﬁc prototypes, we investigated whether race-contingent aftereffects are present among Caucasian 5-year-olds with
abundant exposure to Chinese faces (Experiment 2) and then
tested separate groups of 5-year-olds with two other categories
with which they have considerable experience: sex (male/female
faces) and age (adult/child faces) (Experiment 3). Across all three
categories, 5-year-olds showed no category-contingent opposing
aftereffects. These results demonstrate that 5 years of age is a stage
characterized by minimal separation in the norms and associated
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coding dimensions used for faces from different categories and
suggest that reﬁnement of the mechanisms that underlie expert
face processing occurs throughout childhood.
Ó 2014 Elsevier Inc. All rights reserved.

Introduction
Young children demonstrate several characteristics of adult-like face processing. They process faces
holistically (e.g., de Heering, Houthuys, & Rossion, 2007), are more accurate in recognizing upright versus inverted faces (e.g., Mondloch, Le Grand, & Maurer, 2002) and own-race versus other-race faces
(e.g., Sangrigoli & de Schonen, 2004), and show sensitivity to featural and relational (i.e., feature
spacing) cues to identity (e.g., McKone & Boyer, 2006; Mondloch et al., 2002). Despite these abilities,
children continue to make more errors on a variety of face perception tasks until mid-adolescence
(e.g., Baudouin, Gallay, Durand, & Robichon, 2010; de Heering, Rossion, & Maurer, 2012; Freire &
Lee, 2001; Mondloch, Dobson, Parsons, & Maurer, 2004; Schwarzer, 2000). There is debate as to
whether these age-related improvements in face processing can be attributed to face-speciﬁc perceptual development or to more general cognitive and perceptual development (reviewed in McKone,
Crookes, Jeffery, & Dilks, 2012). For example, Weigelt and colleagues (2014) reported improved performance in both face perception and face memory tasks between 5 and 10 years of age. However,
whereas improvements in face memory were domain speciﬁc, improvements in face perception were
not; similar improvements in perception were observed for cars, bodies, and scenes.
Regardless of the extent to which improvements in face perception during childhood reﬂect
domain-speciﬁc versus domain-general development, two statements appear to be accurate. First,
many of the mechanisms underlying adult-like face processing are present early in life (McKone
et al., 2012). Second, face perception (e.g., the ability to discriminate faces) continues to improve
throughout childhood (e.g., Baudouin et al., 2010; Mondloch et al., 2004). Thus, childhood may be
characterized as a period of reﬁnement. For example, although even infants are sensitive to differences
among faces in feature spacing (Hayden, Bhatt, Reed, Corbly, & Joseph, 2007), adult-like sensitivity
develops after 10 years of age (Mondloch et al., 2002) even when memory demands are eliminated
(Mondloch et al., 2004). In the current study, we examined the extent to which reﬁnements in
norm-based face coding may contribute to children’s tendency to make more errors than adults on
face perception tasks. In particular, we examined whether 5-year-olds’ face space is less well reﬁned
than that of adults with regard to the dimensions of faces from different categories.
Norm-based coding
Adult expertise in face processing has traditionally been attributed to the use of norm-based coding. According to Valentine (1991), individual faces are encoded relative to a face prototype (i.e., average face) extracted from all faces previously encountered. Individual faces differ on a variety of
dimensions (e.g., distance between the eyes), and each dimension is represented as a unique vector
in a multidimensional face space. Within this face space, individual faces are represented as distinct
points; the farther a face is from the prototype, the more distinctive and less attractive it appears
(Rhodes & Tremewan, 1996).
The face prototype is continuously updated by experience. Adaptation is an experimental method
commonly employed to examine the malleability of the prototype. For example, repeated exposure to
faces distorted in a similar direction (e.g., features compressed inward) produces a temporary shift in
the prototype that results in unaltered faces appearing distorted in the opposite direction while similarly distorted faces appear more attractive, referred to as ﬁgural aftereffects (Rhodes, Jeffery, Watson,
Clifford, & Nakayama, 2003; Webster & MacLin, 1999). Thus, judgments of attractiveness require participants to reference a norm that is temporarily altered by exposure to distorted faces. Aftereffects
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have been found for the perception of sex, race, emotional expression (Webster, Kaping, Mizokami, &
Dumahel, 2004), age (O’Neil & Webster, 2011), and identity (e.g., Anderson & Wilson, 2005; Leopold,
O’Toole, Vetter, & Blanz, 2001; Rhodes & Jeffery, 2006). Furthermore, for both identity and ﬁgural
adaptation, the more extreme the adapter is, the larger the aftereffect is (Rhodes et al., 2005;
Robbins, McKone, & Edwards, 2007), which provides additional evidence of norm-based coding
(Jeffery et al., 2010).
In adults, norm-based coding underlies the perception of face identity (Robbins et al., 2007; but see
Ross, Deroche, & Palmeri, 2014) and is thought to facilitate discrimination around the norm (Wilson,
Lofﬂer, & Wilkinson, 2002) by reducing redundancy in the information shared by all faces, which frees
neural resources and allows for greater sensitivity to the distinctive characteristics of individual faces
(Rhodes & Leopold, 2011; Rhodes, Watson, Jeffery, & Clifford, 2010; Webster & MacLeod, 2011). Consistent with this account, there is a positive correlation between face recognition memory and the
magnitude of aftereffects (Dennett, McKone, Edwards, & Susilo, 2012; Rhodes, Jeffery, Taylor,
Hayward, & Ewing, 2014). Moreover, individuals with congenital prosopagnosia (Palermo, Rivolta,
Wilson, & Jeffery, 2011) and autism (e.g., Ewing, Pellicano, & Rhodes, 2013), both of which are
associated with deﬁcits in face processing, show reduced identity aftereffects relative to typical
populations.
Children as young as 4 years rely on norm-based coding (reviewed in Jeffery & Rhodes, 2011). At
this age, children show both ﬁgural aftereffects (Jeffery et al., 2010; Short, Hatry, & Mondloch,
2011) and identity aftereffects (Jeffery, Read, & Rhodes, 2013). Like adults, more extreme adapters produce stronger aftereffects in children (Jeffery et al., 2011, 2013), and even expression appears to be
coded in a norm-based manner by 9 years of age, the youngest age tested (Burton, Jeffery, Skinner,
Benton, & Rhodes, 2013). Although there is some evidence that children’s face space might be more
malleable than that of adults (e.g., Hills, Holland, & Lewis, 2010), most studies have found that adults’
and children’s aftereffects are similar in size (Jeffery et al., 2010; Nishimura, Maurer, Jeffery, Pellicano,
& Rhodes, 2008) and that the temporal dynamics of aftereffects are analogous in adults and children as
young as 8 years (Nishimura, Robertson, & Maurer, 2011).
Reﬁnement of face space
Children appear to represent faces in a multidimensional face space that has at least some adultlike characteristics. However, children may differ from adults in the organization or reﬁnement of
their face space. For example, although children exhibit evidence for norm-based coding, they require
greater differences among faces in order to consistently rate unaltered faces as more attractive than
faces with compressed or expanded features (Anzures, Mondloch, & Lackner, 2009; Crookes &
McKone, 2009; Jeffery et al., 2010), which demonstrates that they are less sensitive to deviations from
the norm. Furthermore, although 8-year-old children tend to rely on the same coding dimensions as
adults, they exhibit difﬁculty in using more than one dimension at a time (Nishimura, Maurer, & Gao,
2009).
In the current study, we tested another factor that may contribute to the slow development of
expert face processing—a reliance on a face space that is relatively undifferentiated with regard to
faces from different categories. Adults possess multiple face prototypes that represent the different
face categories encountered in the environment (e.g., race). Such separable prototypes may aid recognition; identiﬁcation thresholds are lower around a race-speciﬁc average relative to a mixed-race/
race-generic average (Armann, Jeffery, Calder, & Rhodes, 2011). Following adaptation to two face categories distorted in opposite directions (e.g., compressed Caucasian and expanded Chinese faces),
adults’ judgments of attractiveness/normality shift in opposite directions, which is possible only if
these faces are represented with regard to separable norms and at least some category-speciﬁc coding
dimensions. Such opposing aftereffects have been found for faces that differ according to race (Jaquet,
Rhodes, & Hayward, 2008; Little, DeBruine, Jones, & Waitt, 2008), sex (Jaquet & Rhodes, 2008; Little,
DeBruine, & Jones, 2005), orientation (Rhodes et al., 2004), age, and species (Little et al., 2008).
Although opposing aftereffects indicate that faces from different categories are coded with regard
to some category-speciﬁc dimensions, there is also some overlap in the coding dimensions used for
these faces (Jaquet & Rhodes, 2008). When adults are adapted to distorted faces of one race, signiﬁcant
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aftereffects emerge for a face race that was never shown during adaptation; however, these aftereffects are smaller than those of the adapted race (Jaquet et al., 2008). Such partial transfer of aftereffects reﬂects the shared coding dimensions across categories.
It may be the case that, unlike adults, children rely on a single prototype and its corresponding
dimensions for all faces. Using an opposing aftereffects paradigm, Short and colleagues (2011) found
evidence for race-speciﬁc norms (Caucasian/Chinese) in Caucasian 8-year-olds and some evidence for
dissociable norms in Caucasian 5-year-olds; however, opposing aftereffects in 5-year-olds were driven
almost entirely by simple aftereffects for own-race faces, which suggests that 5-year-olds’ face space
may be less well reﬁned than that of adults and 8-year-olds. Therefore, it is possible that 5 years of age
is a stage characterized by the emergence of separable norms for own- and other-race faces.
The current study
The current study was designed to further examine whether 5-year-old children rely on
race-speciﬁc norms and investigate whether experience facilitates the development of dissociable face
prototypes. In all studies, we used the storybook method initially designed by Anzures and colleagues
(2009) to examine ﬁgural attractiveness aftereffects. In Experiment 1, we examined whether, like
Caucasian 5-year-olds with minimal experience with other-race faces (Short et al., 2011), Chinese
5-year-olds show race-contingent aftereffects driven by simple aftereffects for own-race faces. We
then used a transfer of aftereffects study in which Caucasian and Chinese children were adapted to
distorted faces from a single race and tested with faces of both races. The goal of this second study
was to determine whether 5-year-olds show simple aftereffects for other-race faces and the extent
to which aftereffects transfer across races.
In Experiment 1, all participants had minimal experience with faces from the opponent category
(i.e., other-race faces). In Experiments 2 and 3, we examined whether ample experience with a given
category facilitates the development of category-speciﬁc prototypes in 5-year-old children. We investigated whether race-contingent aftereffects are present among Caucasian 5-year-olds who have
ample exposure to Chinese faces and then tested children with two other categories with which they
have considerable experience: sex (male/female faces) and age (adult/child faces).
Experiment 1a: Race-contingent aftereffects among Chinese 5-year-olds
Race is a highly meaningful face category for young children and, therefore, is suitable for examining category-speciﬁc face norms. Infants show own-race biases in visual preference and face recognition tasks (Bar-Haim, Ziv, Lamy, & Hodes, 2006; Kelly et al., 2005, 2007). Moreover, children as young
as 3 years show a consistent own-race recognition advantage (Sangrigoli & de Schonen, 2004) and by
4 years display social biases based on race (Bigler & Liben, 1993) and attend to race when making
inferences about the social relationships between children (Shutts, Roben, & Spelke, 2013).
In Short and colleagues’ (2011) study, Caucasian 5-year-olds showed race-contingent aftereffects;
however, these effects were driven by simple aftereffects for own-race faces with no shifts in attractiveness preferences for other-race faces. Crucially, all children tested in this study were from a predominantly Caucasian community and had minimal experience with Chinese faces. This weak
evidence for opposing aftereffects suggests that young children who have minimal experience with
other-race faces might not represent own- and other-race faces with regard to dissociable norms.
To examine the robustness of this ﬁnding, we used the same method employed by Short and colleagues to test whether Chinese 5-year-olds who have minimal experience with Caucasian faces show
race-contingent aftereffects.
Method
Participants
We tested 24 Chinese 5-year-olds (±6 months of age, 12 female and 12 male) from Jinhua, China, a
city with a population that is 99.99% Chinese. An additional three children were tested but excluded
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from all analyses because they failed to meet criterion (n = 2) or were inattentive during testing
(n = 1).
Materials
The original computerized storybook used by Short and colleagues (2011) was translated into
Mandarin for Chinese participants. Stimuli consisted of colored photographs of Caucasian and mainland Chinese 4- to 6-year-old children. Faces were distorted using the Spherize function in Adobe
Photoshop (Version 8.0). The experiment consisted of three phases: pre-adaptation attractiveness trials, adaptation, and post-adaptation attractiveness trials (see Fig. 1). Pre- and post-adaptation stimuli
were divided into two sets of 16 face pairs (8 per race); each pair consisted of two versions of the same
identity. In each set, there were four face pairs for each race comprising an unaltered face paired with
an expanded face (+70%) and four face pairs comprising an unaltered face paired with a compressed
face ( 70%). Face pairs from one set were shown pre-adaptation, and face pairs from the other set
were shown post-adaptation; the order in which the two sets were presented was counterbalanced
across participants. Faces of 12 different identities (six Caucasian and six Chinese) were used as adaptation stimuli and were presented in the context of the 5-min computerized storybook used by Short
and colleagues. In the storybook, Caucasian faces were distorted in one direction, whereas Chinese
faces were distorted in the opposite direction (±90%). Only one race of face was presented on each
page, and race of face alternated from page to page.
Procedure
The testing procedure was identical to that described by Short and colleagues (2011, Experiment
4). Children were seated in front of a 24-inch computer monitor and completed two sets of criterion
trials to ensure that they understood task instructions. In each set of trials, children were simultaneously shown three objects that varied in attractiveness. They were then shown two objects at a time
(n = 2 trials) and pointed to the most attractive object in each pair. Children were excluded from all
analyses if they made more than one error, deﬁned as selecting a less attractive item (e.g., a paper
bag) as more attractive than the more attractive item with which it was paired (e.g., a green present
with polka dots).

Fig. 1. (A) Sample face pairs shown during test trials in Experiments 1 and 2. (B) Sample pages from the adaptation storybook
used in Experiment 1a. In Experiment 1b, children were adapted to only one face race; in all other experiments, children were
adapted to faces from two categories distorted in opposite directions.
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Children then completed 16 pre-adaptation trials. Children were told that they would be shown
pairs of siblings and that their job was to point to the prettiest or most handsome face in each pair.
Each child viewed 16 pairs (eight Caucasian and eight Chinese). Each face pair remained on the screen
for 3 s and was then replaced with a blank screen. Participants indicated their choice by pointing to
the side of the screen on which the more attractive face appeared. The next trial did not begin until
a response had been made.
After pre-adaptation trials were completed, participants were read a 5-min story about two birthday parties: one attended by Caucasian children and the other attended by Chinese children. Half of
the participants were adapted to expanded Caucasian faces (+90%) and compressed Chinese faces
( 90%), and the other half were adapted to compressed Caucasian faces and expanded Chinese
faces. Each page of the storybook contained between one and six faces, and the size and location of
the faces varied to eliminate low-level retinotopic adaptation. Following the storybook, participants
were shown an additional 16 face pairs (eight Caucasian and eight Chinese) and selected the most
attractive face in each pair. To maintain adaptation, face pairs remained on the screen for 3 s and were
then replaced with a blank screen. After each post-adaptation trial, two top-up faces were presented:
one Caucasian and one Chinese; top-up faces were distorted in a way that was consistent with adaptation (Rhodes et al., 2003). The ﬁrst top-up face matched the race of the previous trial, and the second
top-up face matched the race of the upcoming trial. Top-up faces were paired with a comment
designed to encourage participants (e.g., ‘‘I agree!’’), and participants received reinforcement regardless of their response.

Results and discussion
For each participant, we recorded the number of distorted faces selected on expanded and compressed trials for the face race that was compressed during adaptation (Caucasian for half of the participants and Chinese for the other half) and for the face race that was expanded during adaptation. To
determine whether there were any attractiveness biases prior to adaptation, we examined whether
the number of +70% and 70% faces selected as most attractive pre-adaptation differed for the race
of face to be expanded and the race of face to be compressed. A 2 (Adaptation Condition: expanded
or compressed)  2 (Distortion: +70% or 70%) repeated-measures analysis of variance (ANOVA)
revealed no main effects, ps > .31, g2ps  .04, or interaction, p = .35, g2p = .04, indicating that prior to
adaptation children were no more likely to select the +70% or 70% face for either the race of face
to be expanded or the race of face to be compressed. As expected, the number of distorted faces
selected pre-adaptation was low across all conditions (Ms  1.29).
To determine whether Chinese 5-year-olds exhibited evidence for race-contingent aftereffects, we
calculated change scores for both the expanded face race and the compressed face race by subtracting
the number of distorted faces selected pre-adaptation from the number of distorted faces selected
post-adaptation for each level of distortion. Opposing aftereffects would be evident if following adaptation the number of 70% faces selected as most attractive increased more for the face race that was
compressed during adaptation than for the face race that was expanded and, at the same time, the
number of +70% faces selected as most attractive increased more for the face race that was expanded
during adaptation than for the face race that was compressed.
We conducted a 2 (Adaptation Condition: expanded or compressed)  2 (Distortion: +70% or 70%)
repeated-measures ANOVA with the change in number of distorted faces chosen as the dependent variable. There were no main effects, ps > .37, g2ps < .04, or interaction, p = .22, g2p = .07. As shown in
Fig. 2A, the number of +70% faces selected as most attractive did not increase any more for the face
race that was expanded during adaptation (M = .25, SE = .26) than for the face race that was compressed (M = .17, SE = .30). Likewise, the number of 70% faces selected as most attractive did not
increase any more for the face race that was compressed during adaptation (M = .21, SE = .25) than
for the face race that was expanded (M = .17, SE = .17). Indeed, single-sample t tests1 revealed that
in all conditions the magnitude of aftereffects did not differ signiﬁcantly from 0, ps > .32.
1

All reported single-sample t tests were two-tailed and uncorrected for multiple comparisons.
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Fig. 2. Mean change scores for +70% and 70% test faces for the face category that was expanded versus the face category that
was compressed during adaptation for Experiment 1a (A: Chinese 5-year-olds tested with Chinese and Caucasian faces),
Experiment 2 (B: Caucasian 5-year-olds with multicultural exposure tested with Chinese and Caucasian faces), Experiment 3a
(C: 5-year-olds tested with male and female faces), and Experiment 3b (D: 5-year-olds tested with adult and child faces). An
asterisk (⁄) indicates that aftereffects were signiﬁcantly different from 0 (p < .05).

Our results show no evidence for race-contingent aftereffects among Chinese 5-year-olds. However, among Caucasian 5-year-olds tested in a racially homogeneous population (Short et al., 2011),
opposing aftereffects were present, although they were driven by simple aftereffects for own-race
faces. To determine whether Chinese children showed simple aftereffects for own-race faces, we conducted single-sample t tests comparing change scores for +70% Chinese faces for the 12 children
adapted to expanded Chinese faces (M = .08, SE = .45) and change scores for 70% Chinese faces for
the 12 children adapted to compressed Chinese faces (M = .58, SE = .38) with 0. In both conditions,
the magnitude of aftereffects did not differ signiﬁcantly from 0, ps > .15.
Chinese children with minimal experience with Caucasian faces showed no evidence for separable
prototypes for Caucasian and Chinese faces. Following adaptation to Caucasian and Chinese faces distorted in opposite directions, attractiveness judgments for the expanded face race did not shift in the
opposite direction of attractiveness judgments for the compressed face race. These results contrast
with those of Short and colleagues (2011); in their study, Caucasian 5-year-olds did show evidence
of opposing aftereffects. However, whereas 8-year-olds’ opposing aftereffects were driven by shifts
in attractiveness judgments for both Caucasian and Chinese faces, 5-year-olds’ opposing aftereffects
were driven by shifts in attractiveness judgments only for own-race faces. Based on these ﬁndings,
Short and colleagues concluded that separable representations for own- and other-race faces are
emerging by 5 years of age.
Opposing aftereffects provide evidence that faces from different categories are represented with
regard to separable norms and category-speciﬁc coding dimensions (Jaquet & Rhodes, 2008). Weak
opposing aftereffects, or the absence thereof, suggest that the coding dimensions that 5-year-olds rely
on are largely overlapping for own- and other-race faces. To directly test this hypothesis, in Experiment 1b we examined the extent to which aftereffects transfer across face race among Caucasian
and Chinese 5-year-olds.
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Experiment 1b: Transfer of aftereffects across face race
Participants were adapted to distorted faces of only one race but judged the attractiveness of both
Caucasian and Chinese faces during pre- and post-adaptation trials. Adults show partial transfer of
aftereffects across face race, indicating that there are some shared coding dimensions for own- and
other-race faces (Jaquet et al., 2008). In children, complete transfer of aftereffects across face race
(i.e., no difference in the magnitude of aftereffects for the face race that was adapted vs. the face race
that was not) would provide evidence of completely overlapping representations and coding dimensions for own- and other-race faces. Partial transfer of aftereffects would indicate separable representations with some shared underlying dimensions.
Half of the participants were adapted to distorted own-race faces and half were adapted to
distorted other-race faces, which also allowed us to compare the magnitude of simple aftereffects
for own-race versus other-race faces. Children were adapted only to compressed faces because past
studies have found that viewing compressed faces during adaptation tends to produce larger aftereffects than viewing expanded faces (Jaquet & Rhodes, 2008; Jaquet et al., 2008), and we wanted to give
children every opportunity to show partial transfer of aftereffects. We previously reported ﬁgural
aftereffects for own-race faces in 5-year-old children using a similar paradigm (Short et al., 2011;
see also Jeffery et al., 2010). However, to date there is no evidence that adaptation shifts attractiveness
judgments for other-race faces in young children. An absence of simple aftereffects for other-race faces
in participants adapted to only other-race faces would suggest that these faces might be represented
as individual exemplars rather than in a norm-based fashion.
Method
Participants
We tested two groups of 5-year-old children (±6 months of age) who had minimal contact with
other-race faces: 48 Caucasian children (27 female and 21 male) from St. Catharines, Ontario, Canada,
who had minimal experience with Chinese faces, and 48 Chinese children (24 female and 24 male)
from Jinhua, China, who had minimal experience with Caucasian faces. An additional 11 children were
tested but excluded from all analyses because they failed to meet criterion (n = 1), were inattentive
(n = 1), or were unable to follow task instructions (n = 9).
Materials and procedure
Pre- and post-adaptation trials were similar to those used in Experiment 1a. However, adaptation
stimuli were presented in the context of the computerized storybook used by Anzures and colleagues
(2009) in which there was a single surprise birthday party that was attended by only one race of children. All of the faces in the storybook were Caucasian for half of the children and Chinese for the other
half. Adapting faces were compressed by 90%. Each storybook contained eight face identities, and the
identities of the adapting faces differed from those used during pre- and post-adaptation trials. A single top-up face was presented following each post-adaptation trial.
Results and discussion
We examined whether the number of 70% faces selected as most attractive pre-adaptation differed
for the race of face that matched adaptation and for the race of face that did not match adaptation
across the two adaptation conditions (adapt to own-race faces and adapt to other-race faces). A 2 (Face
Race: race that matched adapting stimuli or race that did not match adapting stimuli)  2 (Adaptation
Condition: adapt to own-race faces or adapt to other-race faces) mixed ANOVA for pre-adaptation trials
revealed no main effects or interaction, ps > .14, g2ps  .02. The number of distorted faces selected preadaptation was low across all conditions (Ms  .83).
To determine the magnitude of simple aftereffects, we calculated change scores for both the
race of face that matched adaptation and the race of face that did not match adaptation by subtracting the number of compressed faces selected pre-adaptation from the number of compressed
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faces selected post-adaptation. Single-sample t tests indicated that the magnitude of aftereffects
was signiﬁcantly greater than 0 in all conditions for both participant races, all ps < .04. We then
conducted a 2 (Face Race: race that matched adapting stimuli or race that did not match adapting
stimuli)  2 (Adaptation Condition: adapt to own-race faces or adapt to other-race faces)  2 (Participant Race: Caucasian or Chinese) mixed ANOVA with the change in number of compressed
faces chosen as the dependent variable. As shown in Fig. 3, there was a main effect of face race,
F(1, 92) = 5.01, p = .03, g2p = .05; aftereffects were larger for the face race that matched adaptation
(M = 1.27, SE = 0.14) than for the face race that did not match adaptation (M = 0.92, SE = 0.13),
indicating partial transfer of aftereffects. There was also a main effect of participant race,
F(1, 92) = 4.92, p = .03, g2p = .05. The increase in the number of compressed faces chosen following
adaptation was larger among Caucasian participants (M = 1.33, SE = 0.15) than among Chinese
participants (M = 0.85, SE = 0.15). There were no other main effects or interaction, all ps > .69,
g2ps  .002. Most notably, the magnitude of aftereffects did not differ as function of adaptation
condition; aftereffects were no larger when participants adapted to own-race faces relative to
other-race faces.
There are two key ﬁndings from the current experiment. First, the magnitude of aftereffects did
not differ for own-race versus other-race faces, suggesting that children process other-race faces
using norm-based coding. These results are consistent with the ﬁnding that expertise does not
affect the magnitude of aftereffects; in adults, aftereffects are no larger for own-race faces than
for other-race faces (Jaquet et al., 2008). Second, aftereffects were larger for the face race that
matched adaptation relative to the face race that did not match adaptation, which indicates partial transfer of aftereffects and suggests that 5-year-olds have somewhat separable representations for own- and other-race faces. However, this dissociability might not be as great as that
of adults and 8-year-olds because 5-year-olds show weak to no evidence for race-contingent
aftereffects; it may be that the opposite distortions simply cancel each other out in the context
of an opposing aftereffects paradigm. Evidence that partial transfer of aftereffects emerges prior
to opposing aftereffects for face race is consistent with 8-year-olds showing partial transfer of
aftereffects between upright and inverted faces (Jeffery, Taylor, & Rhodes, 2014), whereas
10-year-olds do not show orientation-contingent opposing aftereffects (Robbins, Maurer, Hatry,
Anzures, & Mondloch, 2012).

Fig. 3. Increases in the number of 70% faces chosen following adaptation to own-race versus other-race faces. An asterisk (⁄)
indicates that aftereffects were signiﬁcantly greater than 0 (p < .05).
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Experiment 2: Race-contingent aftereffects among children with ample experience with
other-race faces
The results of Experiment 1 indicate that separable norms and associated coding dimensions begin
to emerge as early as 5 years but become increasingly reﬁned as a function of age (see also Short et al.,
2011). To the extent that experience with different face categories plays a role in the development of
separable norms, it is possible that children with ample exposure to other-race faces show greater
separability than children who lack this experience. In Experiment 2, we tested Caucasian 5-year-olds
raised in a multiethnic community (i.e., with considerable experience with Chinese faces) with the
opposing aftereffects paradigm used in Experiment 1a. We tested half of the participants with the original version of the storybook and half with a version in which the social differences between races
were emphasized. Both physical and social categorical differences are necessary to elicit opposing
aftereffects (Bestelmeyer et al., 2008; Jaquet, Rhodes, & Hayward, 2007; Short & Mondloch, 2010).
In the race-emphasized version of the storybook, we heightened awareness of the social differences
by describing the dissimilarities between the Caucasian children at the party in Canada and the Chinese children at the party in China. Thus, this condition provides the strongest test for race-contingent
aftereffects (i.e., high experience with other-race faces and social differences emphasized).
Method
Participants
A sample of 48 Caucasian 5-year-olds (±6 months of age, 24 female and 24 male) participated in
this study. All children were tested in Toronto, Ontario, Canada, a multicultural city with a large
Chinese population. Given this large Chinese population, all children presumably encountered numerous Chinese individuals in their daily lives; in the current sample of children, 79% of parents indicated
that their children attended schools or day-care facilities where they regularly interacted with Chinese
peers.2 An additional six children were tested but excluded from all analyses because they were inattentive (n = 2) or unable to follow task instructions (n = 4).
Materials and procedure
Pre- and post-adaptation test stimuli were identical to those used in Experiment 1a for all children.
Half of the participants were tested with the version of the storybook used in Experiment 1a, and half
were tested with a different version in which the social categorical differences between the races were
emphasized by describing two birthday parties that took place in different parts of the world. Children
watched Matt’s birthday party, which took place in Canada and represented a typical North American
party (e.g., children played musical chairs and ate cake), and Liyang’s birthday party, which took place
in China and represented a traditional Chinese celebration (e.g., children hung lanterns and ate dumplings). In both versions of the storybook, one race of face was presented on each page, race of face
alternated from page to page, and Caucasian and Chinese faces were distorted in opposite directions
(±90%).
Results and discussion
Analyses were identical to those of Experiment 1a except that the between-participants factor of
storybook version was added. A 2 (Adaptation Condition: expanded or compressed)  2 (Distortion:
+70% or 70%)  2 (Storybook: original or race-emphasized) mixed ANOVA for pre-adaptation trials
revealed no main effects or interaction, ps > .07, g2ps < .07. As expected, the number of distorted faces
selected pre-adaptation was low across all conditions (Ms  1.08).
To determine whether 5-year-olds exhibited evidence for race-contingent aftereffects and whether
storybook condition inﬂuenced the magnitude of these effects, we conducted a 2 (Adaptation Condition:
2
We analyzed the data once with all 48 participants included and once with only the participants whose parents indicated that
their children attended day-care facilities where they regularly interacted with Chinese peers (n = 38). Results did not differ across
conditions; thus, we report analyses conducted with all 48 participants.
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expanded or compressed)  2 (Distortion: +70% or 70%)  2 (Storybook: original or race-emphasized)
mixed ANOVA with the change in number of distorted faces chosen as the dependent variable. There was
no evidence of opposing aftereffects. The adaptation condition by distortion interaction did not
approach signiﬁcance, p = .51, g2p = .01, nor did the three-way interaction among adaptation condition,
distortion, and storybook, p = .59, g2p = .01. The signiﬁcant interaction between adaptation condition and
storybook, F(1, 46) = 6.15, p = .02, g2p = .12, only reﬂects a greater increase in the number of both +70%
and 70% faces selected among children who read the race-emphasized storybook than among those
who read the original storybook. Indeed, adaptation seemed to create a nonspeciﬁc tolerance for facial
distortions. Single-sample t tests revealed that for the original storybook, the magnitude of aftereffects
differed signiﬁcantly from 0 in all conditions, ps < .01, except for 70% faces for the face race that was
compressed, p = .07. For the race-emphasized storybook, the magnitude of aftereffects differed signiﬁcantly from 0 for ±70% faces for the face race that was compressed, ps < .02, but not for ±70% faces for the
face race that was expanded, ps > .43. However, as shown in Fig. 2B, for both storybook conditions, the
number of +70% faces selected as most attractive did not increase any more for the expanded face race
than for the compressed face race. Likewise, the number of 70% faces selected as most attractive did
not increase any more for the compressed face race than for the expanded face race.
Combined with the results of Short and colleagues (2011), our ﬁndings in Experiment 1 suggest
that 5 years of age truly is a stage characterized by the emergence of separable representations for
own- and other-race faces. The results of Experiment 2 suggest that experience does not facilitate
the development of race-speciﬁc norms. Children with ample experience with other-race faces
showed no evidence for race-contingent aftereffects even when the social differences between races
were emphasized. To examine whether the lack of opposing aftereffects in young children is speciﬁc
to face race or extends to other relevant face categories, in Experiment 3 we investigated whether
5-year-olds show opposing aftereffects for two other categories with which children have abundant
experience—sex and age of face.
Experiment 3a: Sex-contingent aftereffects
Sex is a highly salient and meaningful category for young children. By 3 months of age infants show
a visual preference for the face sex of their primary caregiver (Quinn, Yahr, Kuhn, Slater, & Pascalis,
2002), and by 10 months they readily categorize faces by sex (Younger & Fearing, 1999). Between 2
and 5 years of age, children spontaneously classify others based on sex (reviewed in Katz & Kofkin,
1997) and show a clear preference for interacting with same-sex peers (Maccoby, 2002). The early
emergence of such biases may be attributable to parents’ frequent mentioning of sex differences in
everyday conversations with their children (Katz & Kofkin, 1997), which heightens awareness of the
distinction between male and female individuals. Given the social relevance of face sex and the ample
experience that children have with male and female faces, it is possible that the mental representation
of face sex may be particularly well reﬁned and differentiated among even very young children.
To determine whether young children reference separable norms for face sex, we examined
whether 5-year-olds show opposing aftereffects for male and female faces. If children fail to show
opposing aftereffects for sex of face, this would provide additional evidence that ample experience
with a face category is not sufﬁcient to facilitate the development of category-speciﬁc norms during
early childhood.
Method
Participants
A sample of 24 Caucasian 5-year-olds (±6 months of age, 12 female and 12 male) participated in
this experiment. An additional 2 children were tested but excluded from all analyses because they
were inattentive during testing (n = 1) or failed to understand task instructions (n = 1).
Materials and procedure
Stimuli consisted of colored photographs of Caucasian male and female adult faces. Female face
stimuli were acquired from the Maurer Vision Lab at McMaster University, and male face stimuli were
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acquired from the NimStim database (Tottenham et al., 2009). All faces displayed a neutral expression.
All phases of the procedure were identical to those used in Experiment 1a except that the Caucasian
identities were replaced by male faces and the Chinese identities were replaced by female faces.
Results and discussion
Analyses were identical to those of Experiment 1a. A 2 (Adaptation Condition: expanded or compressed)  2 (Distortion: +70% or 70%) repeated-measures ANOVA with the number of +70% and
70% faces selected as attractive during pre-adaptation trials as the dependent variable revealed no
main effects or interaction, ps > .31, g2ps  .04, indicating that children were no more likely to select
the +70% or 70% face for either the face sex to be expanded or the face sex to be compressed. The
number of distorted faces selected pre-adaptation was low across all conditions (Ms  .50).
To determine whether 5-year-olds exhibited evidence for sex-contingent aftereffects, we conducted a 2 (Adaptation Condition: expanded or compressed)  2 (Distortion: +70% or 70%)
repeated-measures ANOVA with the change in number of distorted faces chosen as the dependent variable. There were no main effects or interaction, ps > .30, g2ps < .05 (see Fig. 2C). Single-sample t tests
revealed that in all conditions the magnitude of aftereffects did not differ signiﬁcantly from 0, ps > .10,
although the magnitude of aftereffects for 70% faces for the compressed face sex did approach signiﬁcance, p = .06.
The results of Experiment 3a are consistent with our ﬁndings from Experiment 2 and suggest that
5-year-olds do not rely on separable norms even for face categories with which they have a great deal
of experience. Unlike adults (Jaquet & Rhodes, 2008; Little et al., 2005), young children exhibited no
evidence for sex-contingent aftereffects. To conﬁrm our ﬁndings, in Experiment 3b we examined
one other category with which children have abundant experience—face age.
Experiment 3b: Age-contingent aftereffects
Young adult faces are the most frequently encountered age category during infancy (Rennels &
Davis, 2008); however, as children grow older and enter day care and preschool, they receive ample
experience with child faces. Information about age is rapidly extracted from faces by both adults
and children (Rhodes, 2009), and even young children show differential discrimination and recognition performance for faces from different age categories (e.g., George, Hole, & Scaife, 2000; Rhodes
& Anastasi, 2012). Here we examined whether young children reference separable norms for adult
versus child faces.
Method
Participants
A sample of 24 Caucasian 5-year-olds (±6 months of age, 12 female and 12 male) participated in
this experiment. An additional four children were tested but excluded from all analyses because they
were inattentive during testing (n = 2) or stopped responding during the post-adaptation trials (n = 2).
Materials and procedure
Stimuli consisted of colored photographs of Caucasian adults and 4- to 6-year-old children. For
each face age, half of the faces were female and half were male. Adult female face stimuli were
acquired from the Maurer Vision Lab at McMaster University, and adult male face stimuli were
acquired from the NimStim database (Tottenham et al., 2009). All children’s faces were obtained from
a sample of photographs taken in the Face Perception Lab at Brock University. Pre- and post-adaptation trials were identical to those used in Experiment 1a except that the Caucasian identities were
replaced by adult faces and the Chinese identities were replaced by child faces.
Faces of 12 different identities (six child and six adult) were used as adaptation stimuli. These faces
were presented in the context of a 5-min computerized storybook about two parties; one party was
for children only, and the other was an ofﬁce party for adults. Storybook pages that included child
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faces were hand-drawn (similar to those used in Experiments 1 and 2); however, storybook pages that
included adult faces were photographs taken in an ofﬁce. We used different methods for presenting
the adult and child faces because we wanted to ensure that children perceived the adult faces as
belonging to actual adults; placing the adult faces on hand-drawn bodies made the faces appear
child-like and unrepresentative of a workplace environment. Half of the participants were adapted
to expanded adult faces (+90%) and compressed child faces ( 90%), and the other half were adapted
to the reverse condition.
Results and discussion
All analyses were identical to those of Experiment 1a. The 2 (Adaptation Condition: expanded or
compressed)  2 (Distortion: +70% or 70%) repeated-measures ANOVA with the number of +70%
and 70% faces selected as attractive during pre-adaptation trials as the dependent variable revealed
no main effects or interaction, ps > .15, g2ps < .09. Children were no more likely to select the +70% or
70% face for either the face age to be expanded or the face age to be compressed. The number of distorted faces selected pre-adaptation was low across all conditions (Ms  1.17).
A 2 (Adaptation Condition: expanded or compressed)  2 (Distortion: +70% or 70%) repeatedmeasures ANOVA with the change in number of distorted faces chosen as the dependent variable
revealed no main effects or two-way interaction, ps > .23, g2ps  .06 (see Fig. 2D). Single-sample t tests
revealed that the magnitude of aftereffects differed signiﬁcantly from 0 for +70% faces for the face age
that was expanded, p = .03. However, in all other conditions the magnitude of aftereffects did not differ signiﬁcantly from 0, ps > .41.
Similar to face sex, we did not ﬁnd evidence for age-contingent aftereffects in young children. Such
converging evidence demonstrates that 5-year-olds do not rely on separable norms even for face categories with which they have a great deal of experience. Combined with the results of Experiments 1
and 2, these results suggest that 5 years of age is a stage characterized by minimal separation in the
norms and associated coding dimensions used for faces from different categories.
Combined analysis of original storybooks
The absence of opposing aftereffects across four groups of 5-year-olds cannot be attributed to a lack
of power. First, our method yielded partial transfer of aftereffects across face race. Second, we
collectively analyzed the data from Experiment 1a, Experiment 2 (children tested with the original storybook), and Experiments 3a and 3b (N = 96). A 2 (Adaptation Condition: expanded or compressed)  2
(Distortion: +70% or 70%) repeated-measures ANOVA with the change in number of distorted faces
chosen as the dependent variable revealed no main effects or interaction, ps > .08, g2ps  .03, which indicates that the lack of opposing aftereffects was not due to a small sample size.
General discussion
Collectively, our ﬁndings indicate that separable representations of faces belonging to different categories (race, age, and sex) are emerging, but not yet mature, at 5 years of age. Caucasian and Chinese
children showed attractiveness aftereffects for both own- and other-race faces (Experiment 1b) that
partially transferred to the face race not seen during adaptation. This is a signiﬁcant ﬁnding for two
reasons. First, it shows that 5-year-olds rely on at least some separable coding dimensions for ownand other-race faces, just as 8-year-olds (youngest age tested) do for upright and inverted faces
(Jeffery et al., 2014). Second, it conﬁrms that our testing protocol is sufﬁciently engaging to maintain
children’s attention and is sensitive to category-speciﬁc shifts in face norms (i.e., is capable of detecting differences in the magnitude of aftereffects between two categories; Experiment 1b).
Nonetheless, 5-year-olds’ representations of faces belonging to different categories are not sufﬁciently distinct to drive opposing aftereffects. The same protocol that elicits simple aftereffects and
partial transfer thereof in 5-year-olds (Experiment 1b) and opposing aftereffects in 8-year-olds and
adults (Short et al., 2011) failed to elicit opposing aftereffects in 5-year-olds even when children were
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tested with categories with which they had abundant experience (Experiments 2, 3a, and 3b). Our
results do not discount the overall role of experience in the reﬁnement of face space. Indeed, the
importance of early experience is well established; unlike visually normal adults, adults deprived of
early patterned visual input due to bilateral congenital cataracts show no evidence for opposing aftereffects for upright and inverted faces (Robbins et al., 2012). Rather, our results suggest that 5 years of
experience is not sufﬁcient to support the development of separable prototypes.
Our results demonstrate that 5-year-olds’ face space is considerably less well reﬁned than that of
adults and 8-year-olds. Two potential models may describe the organization of 5-year-olds’ face space.
Past research (e.g., Jeffery et al., 2010, 2013) has shown that children as young as 4 years rely on normbased coding, at least for own-race faces. With regard to face race, children might use norm-based
coding for own-race faces but process other-race faces as individual exemplars. Alternatively, young
children might rely on a category-generic prototype. This second model is more plausible because
the results of Experiment 1b demonstrate that children show signiﬁcant aftereffects for other-race
faces that are of a comparable magnitude to those for own-race faces. Furthermore, there was a signiﬁcant transfer of aftereffects across face race, which indicates overlap in the coding dimensions used
for own- and other-race faces. Lastly, although it is conceivable that children may initially process
other-race faces as individual exemplars, this same explanation does not hold true for faces from other
categories. It is hard to imagine that children would have a prototype for female faces but process
male faces as exemplars. A more parsimonious explanation is that children initially encode all faces
with regard to a category-generic prototype that gradually differentiates with age. Such an explanation is consistent with the recent ﬁnding that children’s biases based on male and female attractiveness tend to increase with age (Rennels & Langlois, in press), which may be due to the development of
separable representations for face sex as children progress from early to middle childhood. Among
adults, identity aftereffects are larger for adapt–test face pairs that lie opposite to a sex-speciﬁc norm
relative to a sex-generic norm (Rhodes et al., 2011; see Armann et al., 2011, for similar ﬁndings for face
race). We predict that young children might not show this effect, which would provide additional evidence for reliance on a category-generic prototype during early childhood.
A number of factors may drive the development and increased reﬁnement of face space across
childhood. Some of this reﬁnement may occur as a function of general cognitive and perceptual development. For example, increases in visual acuity may enhance sensitivity to the various dimensions of
face space, whereas improvements in working memory allow for a greater number of dimensions to
be processed concurrently. Consistent with this viewpoint, children are less sensitive than adults to
facial distortions (Anzures et al., 2009; Crookes & McKone, 2009; Jeffery et al., 2010) and to differences
in feature spacing not only in human faces (e.g., Mondloch et al., 2002) but also in houses (Robbins,
Shergill, Maurer, & Lewis, 2011) and monkey faces (Mondloch, Maurer, & Ahola, 2006). Furthermore,
although sensitive to multiple face dimensions, 8-year-olds have difﬁculty in processing these dimensions simultaneously (Nishimura et al., 2009). Collectively, these results suggest that at least some
general cognitive/perceptual development underlies increases in the reﬁnement of face space.
Some face-speciﬁc development may also drive the increased reﬁnement of face space. In particular, development and increased specialization of face-speciﬁc regions in the brain may improve sensitivity to relevant dimensions and even increase the number of dimensions used to process faces of a
given category. Adults show a strong right hemispheric bias when processing faces (e.g., Kanwisher,
McDermott, & Chun, 1997); however, there is evidence that children show less hemispheric specialization (Anes & Short, 2009) and decreased localization (Passarotti et al., 2003) for face perception
than adults. Moreover, signiﬁcant increases in the size and speciﬁcity of face-selective cortical brain
regions have been found throughout childhood and into adolescence (e.g., Grill-Spector, Golarai, &
Gabrieli, 2008). Such ﬁndings suggest that face-speciﬁc brain regions continue to undergo reﬁnement
throughout childhood and may support ﬁne-tuning of the category-speciﬁc dimensions of face space.
Young children’s decreased reliance on category-speciﬁc norms may partially explain their poor
performance on some face perception tasks relative to adults. Norm-based coding is thought to facilitate discrimination around the norm (Wilson et al., 2002), and in adults category-speciﬁc prototypes
appear to enhance recognition; face identiﬁcation is better around a race-speciﬁc average relative to a
mixed-race average (Armann et al., 2011). The use of separable norms may be more economical than
reliance on a single norm because faces naturally lie closer to a category-speciﬁc prototype relative to
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a category-generic prototype. Furthermore, relying on separable norms may ensure that only relevant
dimensions are used to encode faces from a given category. For example, dimensions that are speciﬁc
to Chinese faces will not aid in encoding Caucasian faces, and a failure to exclude these irrelevant
dimensions may increase errors in recognition for Caucasian faces. Future studies should examine
whether, like individual differences in the magnitude of ﬁgural aftereffects (Dennett et al., 2012)
and identity aftereffects (Rhodes et al., 2014), individual differences in the magnitude of opposing
aftereffects correlate with recognition. If a positive correlation is found between the size of opposing
aftereffects and recognition accuracy, this would provide additional support for the notion that separable prototypes aid in recognition.
Collectively, our results suggest that although the mechanisms that underlie expert face processing
are in place by 5 years of age, considerable reﬁnement of these mechanisms occurs throughout childhood. Weigelt and colleagues (2014) argued that face perception (which they restricted to the ability
to discriminate faces) is mature by 5 years of age because a considerable increase in discrimination
threshold between 5 and 10 years of age is also evident for cars, bodies, and scenes. They suggested
that only face memory shows domain-speciﬁc development. Although we agree that performance
on their discrimination task improved similarly across categories, we question equating evidence of
domain-general development with maturity. Indeed, we are agnostic about the extent to which the
reﬁnement of face space is based on domain-speciﬁc development and about the degree to which this
reﬁnement reﬂects development in perception versus memory, although evidence that children are
less sensitive than adults to deviations along dimensions (e.g., Anzures et al., 2009) suggests that perceptual factors likely play a role. Given that domain-general development contributes signiﬁcantly to
age-related changes in children’s ability to recognize facial identity, we recommend that future studies examine which aspects of face processing are reﬁned throughout childhood rather than dismissing
any domain-general changes as trivial.
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