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Abstract

Children are nearly as sensitive as adults to some cues to facial identity (e.g., differences in

the shape of internal features and the external contour), but children are much less sensitive to

small differences in the spacing of facial features. To identify factors that contribute to this pat-

tern, we compared 8-year-olds� sensitivity to spacing cues with that of adults under a variety of

conditions. In the first two experiments, participants made same/different judgments about

faces differing only in the spacing of facial features, with the variations being kept within nat-

ural limits. To measure the effect of attention, we reduced the salience of featural information

by blurring faces and occluding features (Experiment 1). To measure the role of encoding speed

and memory limitations, we presented pairs of faces simultaneously and for an unlimited time

(Experiment 2). To determine whether participants� sensitivity would increase when spacing

distortions were so extreme as to make the faces grotesque, we manipulated the spacing of fea-

tures beyond normal limits and asked participants to rate each face on a ‘‘bizarreness’’ scale

(Experiment 3). The results from the three experiments indicate that low salience, poor encod-

ing efficiency, and limited memory can partially account for 8-year-olds� poor performance on
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face processing tasks that require sensitivity to the spacing of features, a kind of configural pro-

cessing that underlies adults� expertise. However, even when the task is modified to compensate

for these problems, children remain less sensitive than adults to the spacing of features.

� 2004 Elsevier Inc. All rights reserved.
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Introduction

Despite abundant exposure to faces during infancy and childhood, children do

not reach adult levels of expertise in recognizing facial identity until adolescence

(Carey, Diamond, & Woods, 1980), even in matching tasks that eliminate memory

demands (Bruce et al., 2000). Because all faces share the same first-order relations

among features (e.g., two eyes above a nose, a mouth below the nose), recognizing

facial identity requires processing the shape of individual features (e.g., eyes, mouth,

chin) and/or processing the spacing among features (e.g., distance between the eyes).

Identification based on these cues involves featural and second-order relational pro-
cessing, respectively (for a review, see Maurer, Le Grand, & Mondloch, 2002).

Two lines of research indicate that adults are able to use both featural and second-

order relational cues to identify individual faces. In the first approach, adults� ability
to recognize faces from a study set is measured under conditions in which featural

information is reduced by blurring the face or second-order relational information

is reduced by scrambling the features and/or by inverting the face so as to make it

harder to process second-order relations (Freire, Lee, & Symons, 2000; Murray,

Yong, & Rhodes, 2000). Adults are able to recognize faces so long as one type of
information is available: when faces are blurred, inverted, scrambled, or inverted

and scrambled, adults� performance remains well above chance. However, when

faces are both blurred (reducing featural cues) and inverted/scrambled (reducing

spacing cues to second-order relations), performance drops to chance, presumably

because neither featural nor second-order relational processing can be used effec-

tively (Collishaw & Hole, 2000).

In the second approach, sets of faces have been created that differ only in the

shape of individual features or only in the spacing among features (Freire et al.,
2000; Mondloch, Le Grand, & Maurer, 2002). Mondloch et al. (2002) modified a sin-

gle female face (called ‘‘Jane’’) to create 12 new versions (called ‘‘sisters’’)—4 that

differed in the spacing of internal features (spacing set), 4 that differed in the shape

of internal features (featural set), and 4 that differed in the shape of the external con-

tour (contour set). In separate blocks, stimuli were presented either upright or in-

verted to verify that the spacing set taps second-order relational processing, which

should be disrupted by inversion, and that the featural set taps featural processing,

which should be less disrupted by inversion (Diamond & Carey, 1986; Freire et al.,
2000; Rhodes, Brake, & Atkinson, 1993). Pairs of faces were presented sequentially,

and participants indicated whether the two faces were the same or different. Adults�
accuracy was high (>80%) on all face sets. The decrement in performance following
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inversion was much higher for the spacing set (18%) than for the featural and con-

tour sets (8%), confirming that the spacing set taps second-order relational process-

ing. The high accuracy in all conditions also indicated that adults can judge identity

accurately based solely on featural cues or solely on second-order relational cues—at

least when faces are upright (see also Leder & Bruce, 2000; Rhodes et al., 1993).
Children�s poor performance on face recognition tasks, relative to that of adults,

has been attributed to immature second-order relational processing. Although 5-

month-olds can detect exaggerated changes in spacing in a schematic face (Bhatt,

Bertin, & Hayden, 2004) and 6-year-olds are above chance on the spacing set of

the Jane task, even 14-year-olds make more errors than do adults (Mondloch

et al., 2002; Mondloch, Le Grand, & Maurer, 2003). In contrast, by 6 years of age

(the youngest age tested), children are nearly as accurate as adults on the external

contour and featural sets in the Jane task, with no significant difference for the for-
mer and only a small difference in means for the latter. Furthermore, unlike older

children and adults, the magnitude of the inversion effect is not greater for the spac-

ing set than for the featural and contour sets in 6- and 8-year-olds. The developmen-

tal pattern does not correspond to variations across sets in their difficulty for adults.

Although adults� accuracy is higher on the featural set (M = 89% correct) than on the

spacing set (M = 82% correct), even 6-year-olds� performance is adultlike on the con-

tour set—the set on which adults� performance is lowest (M = 80% correct). Using a

similar paradigm, Freire and Lee (2001) also found that 4- to 7-year-olds perform
poorly—although better than chance—when asked to detect a target face that is pre-

sented among distracters that differ only in the spacing of features. Their accuracy is

higher when the distracters differ from the target in the shape of individual features.

The spacing variations in the Jane set cover most of the natural variation among

adults� faces; hence, children�s poor performance likely affects their processing of

faces outside the laboratory and contributes to their documented errors on other

tasks. For example, 6- and 8-year-olds have difficulty in matching faces when they

differ in point of view, clothing, or lighting (Benton & Van Allen, 1973, as cited in
Carey et al., 1980; Bruce et al., 2000; Mondloch, Geldart, Maurer, & Le Grand,

2003). Such changes render second-order relational processing more important be-

cause faces no longer can be matched accurately based on the appearance of individ-

ual features (e.g., Mondloch, Geldart et al., 2003).

The experiments reported here were designed to test three hypotheses as to why

children perform poorly on tasks that require second-order relational processing.

In each of these experiments, we compared the performance of 8-year-olds with that

of adults. In Experiment 1, we tested the hypothesis that 8-year-olds fail to attend to
the spacing among features because they are distracted by the shape of individual

internal features (e.g., the eyes) and the external contour. To test this hypothesis,

we reduced the salience of featural cues by blurring faces in the spacing set of the

Jane task and occluding the features (i.e., eyes, nose, and mouth). In Experiment

2, we tested the hypothesis that 8-year-olds can encode second-order relations but

performed worse than adults on the sequential version of the Jane task either because

the children were unable to encode spacing information rapidly or because they

failed to adequately store and retrieve information about second-order relations.
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To test this hypothesis, we presented stimuli in pairs for an unlimited amount of time

to provide children with an adequate amount of time to encode second-order rela-

tions and to eliminate memory demands. Because neither of these manipulations re-

sulted in adultlike performance, in Experiment 3 we asked whether 8-year-olds

would demonstrate adultlike sensitivity to second-order relations if the manipula-
tions were so extreme as to make the faces appear bizarre to adults. To facilitate

comparison among the hypotheses, all of the experiments were conducted at 8 years

of age, an age when performance on tasks requiring sensitivity to second-order rela-

tions is above chance but much poorer than that of adults (Mondloch et al., 2002).
Experiment 1

Children differ from adults in the facial characteristics to which they attend when

engaged in face processing. Unlike adults, young children rely more on external fea-

tures (e.g., hair) than on internal features when recognizing familiar faces (Campbell

& Tuck, 1995; Campbell, Walker, & Baron-Cohen, 1995; Ellis, Shepherd, & Davies,

1979), and they are influenced more by paraphernalia (e.g., glasses, hats)—at least

when faces are highly similar (Baenninger, 1994; Carey & Diamond, 1977). When

asked to categorize ambiguous drawings based on age (child/adult), 7-year-olds do

so based on one individual feature (e.g., eyes), whereas adults do so based on overall
similarity (e.g., the number of features that could be assigned to either category)

(Schwarzer, 2000). Collectively, these results suggest that 8-year-olds� ability to make

same/different judgments among faces that differ in the spacing among features

might be masked because the children fail to attend to relevant cues. Instead, atten-

tion is focused on individual internal features (e.g., eyes, mouth) and the facial con-

tour. This hypothesis is consistent with evidence that children are less able to ignore

distracters than are adults (e.g., Goldberg, Maurer, & Lewis, 2001; Ridderinkhof &

van Molen, 1995).
To test this hypothesis, in Experiment 1b we altered the faces in the spacing set of

the Jane task in two ways so as to make the features and external contour less salient.

The first manipulation was to blur the faces so as to reduce featural information

(Collishaw & Hole, 2000). The second manipulation was to both blur the faces

and occlude the internal features with white ovals (Baenninger, 1994). After these

two manipulations, children were given the original task to determine whether test-

ing with faces in which the internal features and external contour were less salient

allows 8-year-olds to more accurately discriminate among the original faces that dif-
fered in the spacing among features.

Prior to testing children, we validated our stimuli by testing adults in Experiment

1a. Because the goal of testing adults was to validate our stimuli rather than to pro-

vide a comparison group for children, adults were tested under different conditions

than were children. We tested adults on two versions of the featural set: the original

set and blurred versions of those faces. Lower accuracy when the stimuli were

blurred would confirm that our blurring manipulation reduced featural cues. We

also presented the blurred and occluded spacing sets both upright and inverted. High
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accuracy in the upright condition and much lower accuracy in the inverted condition

would confirm that adults were able to make same/different judgments using second-

order cues with the altered upright stimuli.
Experiment 1a

Method

Participants

The 24 Caucasian adults (12 men and 12 women, 18–28 years of age) all were

right-handed, as determined by a handedness test adapted from Peters (1988). All

were undergraduate students participating for credit in a psychology course at
McMaster University. None of the participants had a history of eye problems,

and all met our criteria on a visual screening exam: at least 20/20 Snellen acuity in

each eye without optical correction, worse acuity with a +3 diopter lens (to rule

out farsightedness greater than 3 diopters), fusion at near on the Worth Four dot

test, and stereoacuity of at least 40arc s on the Titmus test. An additional 6 partic-

ipants were excluded from the final analysis because they failed visual screening

(n = 5) or were not right-handed (n = 1).

Stimuli and apparatus

The stimuli were modified versions of grayscale Caucasian female faces used pre-

viously to study the development of face recognition (Mondloch et al., 2002). We

modified a single face (called Jane) to create new versions (called Jane�s sisters).

All stimuli were 10.2cm wide and 15.2cm high (5.7 · 9.1 visual degrees from the test-

ing distance of 100cm). The four faces in the spacing set (Fig. 1A) were created by

moving the eyes 12.5 pixels (4.4mm) up or down from the original, 9 pixels (3.2mm)

closer together, or 12 pixels (4.2mm) farther apart. The mouth was moved 4 pixels
(1.4mm) up or down. According to anthropomorphic norms (Farkas, 1994), we

moved Jane�s eyes up or down 1.3 standard deviations (SDs), closer together 2.4

SDs, and farther apart 3.2 SDs; we moved her mouth up or down 0.79 SDs. These

spacing changes cover most of the variations in spacing among adult Caucasian fe-

male faces in the population. The four faces in the featural set were created by

replacing the model�s eyes and mouth with the features of different females. We chose

features of the same length to minimize resulting changes in the spacing among fea-

tures (Fig. 1B). We used modified versions of these stimuli in the current study.
Two new versions of the spacing set were presented. The blurred set was created

using the Gaussian filter in Adobe Photoshop; as in Collishaw and Hole (2000), the

filter had a radius of 10 pixels. We first blurred the eye region and then blurred the

entire face (Fig. 1D). The occluded set was created by placing white circular shapes

over the eyes (1.90 · 2.29cm), nose (1.90 · 1.90cm), and mouth (1.27 · 2.54cm) (Fig.

1E) of the blurred faces. The same occluders were used for all faces. The inner point

of the eye occluder was aligned with the inner edge of each eye, the mouth occluder

was aligned with the central top of the mouth, and the nose occluder was positioned



Fig. 1. ‘‘Jane’’ shown as the left-most face in each panel along with her sisters from the spacing set (A), the

featural set (B), the contour set (C), the blurred spacing set (D), the occluded spacing set (E), and the

blurred featural set (F).
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over the nose, which was in the same position for all faces. Each version of the spac-

ing set was presented both upright and inverted.

To measure whether this amount of blurring successfully reduces featural infor-

mation, we presented two versions of the featural set: an unaltered version and a
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blurred version created using the same Gaussian filter described above (Fig. 1F). Be-

cause our ultimate goal was to use blurring to reduce featural information in the

spacing set, which consisted of five faces with identical eyes, we included only the

three sisters from the featural set with similarly light eyes (the first, third, and fourth

columns in Fig. 1F). The stimuli were presented on a monochrome Radius 21-GS
monitor controlled by a Macintosh LC-475 computer and Cedrus Superlab software.

Participants signaled their responses using a joystick, and the experimenter initiated

trials by pressing a key on the keyboard.

Procedure

Informed consent was obtained. Each participant sat in a darkened room with his

or her eyes 100cm from the monitor. The procedure began with a practice task

requiring same/different judgments of two identical faces or two radically different
versions of a face (e.g., a face with eyes rotated 45 degrees clockwise vs. counter-

clockwise). The first three pairs of faces were presented side by side, and the partic-

ipant received feedback. There were then 12 trials in which faces were presented

sequentially. The first face appeared for 360ms, and the second face remained on

the screen until the participant responded. To participate in the main experiment,

participants were required to be correct on at least 10 of these 12 trials. All adults

met this criterion on the first attempt.

Following practice, adults received four blocks of trials—blurred spacing set up-
right, blurred spacing set inverted, the unaltered upright featural set, and the

blurred upright featural set—with the order counterbalanced across the 24 adults.

Half (12) of the participants were then tested on the occluded spacing set upright,

followed by the occluded spacing set inverted. During each trial, the first (model)

face appeared for 200ms, and following an interstimulus interval of 300ms, the sec-

ond (test) face appeared until the participant responded. Within each block, the cor-

rect response was ‘‘same’’ for half of the trials; each face served as the test face as

often as the model face, and each face was presented half of the time on a ‘‘same’’
trial and half of the time on a ‘‘different’’ trial. All participants saw the same ran-

dom order of trials within each block. Four practice trials were given prior to each

block.

Results and discussion

Blurred featural set

As shown in Fig. 2, blurring the faces successfully reduced the salience of featural
information. Accuracy was lower on the blurred featural set (M = .78, SD = .12)

than on the unaltered featural set (M = .92, SD = .06), t(23) = 6.9, p < .0001.

Blurred spacing set

As shown in Fig. 2, adults were able to discriminate faces in the blurred spacing

set and seemed to do so on the basis of second-order relations. They performed well

when the stimuli were upright (M = .76 correct, SD = .09), and inversion severely im-

paired their performance (M = .58 correct, SD = .10), t(23) = 0.18, p<.0001.



Fig. 2. Mean adults� accuracy (+1 SE) for each face set. Black bars indicate which conditions we predicted

would be easier because the stimuli were either upright or unaltered.
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Occluded spacing set

Adults� accuracy on the occluded spacing set did not vary across orientations (up-

right: M = .72, SD = .07; inverted: M = .77, SD = .10). Adults may have processed

the area between well-demarcated occluders as features (e.g., broad low vs. skinny

high bridge of the nose) rather than processing the spacing among occluders per
se (see also Murray et al., 2000). Nonetheless, we included the occluded set in Exper-

iment 1b because Baenninger (1994) reported that 8-year-olds are able to match fa-

cial identity when features are occluded. Based on these results, Baenninger

concluded that ‘‘configural information provided in faces is very important for sub-

jects as young as 8 years.’’ If our 8-year-old participants had performed well on the

occluded set, we would have had to test a second group of children on inverted ver-

sions of these same stimuli so as to verify that they were relying on second-order rela-

tions and not, like adults, discriminating the stimuli based on featural processing.
Experiment 1b

Method

Participants

A total of 20 Caucasian 8-year-olds participated. All participants passed the vi-
sual screening test described for adults and were right-handed, as measured by a

modified version of the handedness test used for adults. An additional 12 children

were tested but were excluded because they failed visual screening.



C.J. Mondloch et al. / Journal of Experimental Child Psychology 89 (2004) 159–181 167
Stimuli

Three versions of the spacing set were used—the standard set, the blurred set, and

the occluded set—along with control stimuli, called ‘‘Jane�s cousins,’’ consisting of

Jane and three different females (faces that differed from the original Jane in features,

spacing, and outer contour). The purpose of the control task was to ensure that chil-
dren still were motivated and attentive at the end of the procedure and that they

understood the experimental task. All children met our criterion of 70% correct

on the control task (see also Mondloch et al., 2002).

Procedure

We obtained informed consent from each parent and assent from each child. Each

child then completed the practice task (all children met the inclusion criterion) and

then was tested on three blocks of 30 trials: the blurred spacing set, the occluded
spacing set, and the original spacing set (in that order). Finally, the child was tested

on the control stimuli (32 trials). Visual screening and the handedness test were in-

serted during testing to provide the child with breaks.

Results and discussion

The 8-year-olds� accuracy was not higher when stimuli were blurred (M = .61,

SD = .12), or when features were occluded (M = .61, SD = .12), than it was for the
standard spacing set in our previous study (M = .66, SD = .13) (Mondloch et al.,

2002) or in the current study (M = .69, SD = .12). Furthermore, their performance

on the standard spacing set was not higher in the current study than it was in our

previous study, despite the children�s having been exposed to 60 trials in which pairs

of stimuli differed only in the spacing among features prior to this test block. Perfor-

mance was above chance in all conditions (blurred set: t(19) = 4.3, p < .001; occluded

set: t(19) = 3.8, p < .001; standard set: t(19) = 6.9, p < .0001).

The results of this study fail to support the hypothesis that children perform
poorly when asked to discriminate pairs of faces that differ only in second-order

relations because they are distracted by the facial contour and the shape of individ-

ual features. Blurring the stimuli reduced featural information while leaving spacing

cues to second-order relations (Experiment 1a) but did not improve 8-year-olds�
accuracy.
Experiment 2

In Experiment 2, we measured the influence of encoding speed and memory de-

mands on 8-year-olds� relatively poor performance on the spacing set in our previous

study (Mondloch et al., 2002). In the original study, the first face appeared for only

200ms, a time that is sufficient for 8-year-olds to encode contour and featural infor-

mation as well, or nearly as well, as do adults. Nevertheless, it might not be enough

time for 8-year-olds to encode second-order cues. Moreover, children had to remem-

ber the first face during the 300ms between its disappearance and the presentation of
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the second face. Although that short delay did not prevent nearly adultlike perfor-

mance on the featural and contour sets, it is possible that children perceive spacing

cues but then fail to store and/or retrieve them readily. Previous research has shown

that adults� accuracy on face recognition tasks is limited by their ability to encode

spacing cues and, possibly, by their ability to retrieve that information (Freire
et al., 2000). In a delayed matching-to-sample task in which adults were asked to

make same/different judgments about face pairs that differed only in the spacing

of features, there was no effect of delay (1, 5, and 10s), a result that Freire et al.

(2000) interpreted as evidence that an encoding bottleneck limits performance. How-

ever, adults were more accurate when pairs were presented simultaneously for an

unlimited time (82%) than when there was a delay between the two faces (74%).

Adults may have performed better in the simultaneous matching task because they

had more time to encode second-order relations and/or because there were no mem-
ory demands.

To assess whether there are similar influences on the performance of 8-year-olds,

we tested adults and 8-year-olds with the original Jane task altered so that faces were

presented in pairs and for an unlimited time. As in our previous study (Mondloch

et al., 2002), there were three sets of faces—the spacing set, the featural set, and

the contour set—presented both upright and inverted. This allowed us to assess

whether reducing memory and encoding demands would eliminate 8-year-olds�
poorer performance on the spacing set while maintaining their adultlike accuracy
on the featural and contour sets.

Method

Participants

A total of 36 adults and 36 8-year-olds participated in this study. All participants

were Caucasian, were right-handed, passed our criterion for visual screening (see

Experiment 1a), and achieved accuracy of at least 70% on the control stimuli (Jane�s
cousins). An additional 15 individuals were excluded from the analyses because they

were not right-handed (1 adult), failed visual screening (10 children and 2 adults), or

were inattentive throughout testing (2 children).

Stimuli, apparatus, and procedure

The stimuli were the original featural set, the original spacing set, and the control

stimuli described in Experiment 1a plus a fourth set—the contour set that had been

created by pasting the internal portion of the original face within the outer contour
of four different females (Fig. 1C). Faces were paired instead of being presented

sequentially (inner edges were 2.5cm apart (1.4 visual degrees)). Except as noted be-

low, other details were the same as in Experiments 1a and 1b.

During each trial, two faces were presented side by side until participants signaled

a response with a joystick. Participants were asked to respond as quickly as possible

while being accurate. The procedure began with the same practice task used in

Experiment 1 except that the stimuli were presented side by side. The first part of

the main task involved 90 upright trials that were divided into three 30-trial
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blocks—spacing, featural, and external contour—preceded by six practice trials

involving one same and one different trial from each stimulus set. Trials were

blocked to encourage participants to use specific face processing strategies. Follow-

ing the 90 upright trials, participants repeated the blocks in the same order with the

faces inverted, preceded again by six practice trials. Three orders were used: spac-
ing fi featural fi contour, featural fi contour fi spacing, and contour fi spac-

ing fi featural (for additional details, see Mondloch et al., 2002). Following the

final block of inverted trials, we presented a block of upright trials with Jane and

her cousins. This block consisted of 32 trials with either the same face twice (16 tri-

als) or two completely different faces (16 trials).

Data analysis

For each of the six blocks of trials for each participant in the main experiment,
we calculated the proportion of responses that were correct and the median reac-

tion time on correct trials. Unlike Experiment 1, we included an analysis of reac-

tion time to determine whether differences in accuracy across face sets within an

age group or a Face Set · Age interaction could be attributed to speed/accuracy

trade-offs.

Accuracy

We conducted an analysis of variance (ANOVA) on proportion correct responses
on upright trials that had one within-subjects factor (face set) and one between-sub-

jects factor (age). Differences in the rate of development for different face processing

skills would be revealed by a significant Age · Face Set interaction on upright trials.

To determine whether the pattern of results could be due to children having response

biases different from those of adults, we also conducted a d0 analysis for upright

trials.

To assess the effect of orientation on accuracy across face sets and age groups, we

calculated a difference score (accuracy on upright trials minus accuracy on inverted
trials) for each face set for each age group. If adults� larger inversion effect on the

spacing set, relative to the featural and contour sets, is due to an encoding bottle-

neck, adults should show a larger inversion effect on the spacing set even when faces

are presented simultaneously. If presenting faces simultaneously increases 8-year-

olds� sensitivity to second-order relations, 8-year-olds [like 10-year-olds and adults

in our previous study (Mondloch et al., 2002)] should show a larger inversion effect

for the spacing set relative to the other two sets.

Reaction times

To determine whether differences in accuracy among face sets could be attributed

to speed/accuracy trade-offs, we also conducted a similar ANOVA on median reac-

tion time on correct trials. Fisher�s protected least significant difference (PLSD) was

used to make pairwise comparisons among face sets. To assess the effect of orienta-

tion on reaction times, we calculated a second ANOVA on difference scores (median

reaction time on upright trials minus median reaction time on inverted trials) for

each face set for each group.
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Results

Accuracy on upright trials

As shown in Fig. 3, both age groups made very few errors on Jane�s cousins,

although adults (M = .98, SD = .04) were more accurate than 8-year-olds
(M = .94, SD = .06), t(70) = 4.1, p < .001. The ANOVA on proportion correct for

the three experimental face sets revealed main effects of age, F(1,70) = 6.1, p < .02,

and face set, F(2,140) = 76.8, p < .001, and a significant Age · Face Set interaction,

F(2,140) = 3.74, p < .05. Analyses of simple effects showed a significant effect of age

for the spacing set, t(70) = 3.2, p < .001, but not for the featural and contour sets,

ps > .20. As shown in Fig. 3, adults (M = .83, SD = .10) were more accurate than

8-year-olds (M = .73, SD = .14) on the spacing set.

d0 analysis

The ANOVA on d0 revealed a main effect of age, F(1,70) = 6.1, p < .02, a main

effect of face set, F(2,140) = 98.8, p < .001, and a significant Age · Face Set interac-

tion, F(2,140) = 3.5, p < .05. As seen for accuracy, analyses of simple effects showed a

significant effect of age for the spacing set, t(70) = 3.4, p < .01, but not for the fea-

tural and contour sets, ps > .15. Adults (M = 2.3, SD = .8) had a higher d0 than

did 8-year-olds (M = 1.6, SD = 1.0) only on the spacing set.

Reaction times on upright trials

The ANOVA of median reaction times on upright trials revealed a main effect of

face set, F(2,140) = 26.2, p < .001. As shown in Fig. 4, reaction times were shorter on

featural trials than on both spacing and contour trials, ps < .001, and were shorter on
Fig. 3. Mean accuracy (+1 SE) for each face set and each age group when stimuli were presented upright

(left panel) and inverted (right panel).



Fig. 4. Mean reaction times (+1 SE) on correct trials for each face set and each age group when stimuli

were presented upright (left panel) and inverted (right panel).
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spacing trials than on contour trials, p < .05. There was no main effect of age and no

significant Age · Face Set interaction, ps > .20. These data show that 8-year-olds�
poor performance relative to that of adults only on the spacing set cannot be attrib-

uted to a speed/accuracy trade-off.

Inversion effect

Inversion reduced the accuracy of both groups on the spacing set more than on

the featural and contour sets (Fig. 5). The ANOVA on inversion scores revealed a
main effect of age, F(1,70) = 10.8, p < .01, and a main effect of face set,
Fig. 5. Mean difference scores (accuracy on inverted trials minus accuracy on upright trials +1 SE) for

each face set and each age group.
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F(1,140) = 11.8, p < .01, but no Age · Face Set interaction, p > .20. The inversion ef-

fect was greater for the spacing set (M = .13, SD = .13) than for either the featural set

(M = .04, SD = .09) or the contour set (M = .06, SD = .15), ps < .001, which did not

differ from each other, p > .20. Inversion scores were larger for 8-year-olds than for

adults.
Inversion increased adults� reaction times on the spacing set but had little or no

effect on their reaction times in the other conditions or on 8-year-olds� reaction times

in any condition (Fig. 6). The ANOVA on inversion effects for reaction times re-

vealed a main effect of face set, F(2,140) = 6.09, p < .01, but no effect of age and

no Age · Face Set interaction, ps > .10. Inverting the stimuli increased reaction times

on the spacing set more than on the contour set, p < .01; no other pairwise compar-

isons were significant. Fig. 6 indicates that the effect of inversion on reaction times

for the spacing set was carried by the adults. Because reaction times increased
(adults) or remained unchanged (8-year-olds) when the spacing set was inverted, re-

duced accuracy when the spacing set was inverted cannot be attributed to speed/ac-

curacy trade-offs.

Direct comparison with sequential data

The 8-year-olds made more errors than did adults on the spacing set when faces

were presented in pairs for an unlimited period of time. Nonetheless, their mean

accuracy (M = .73, SD = .14) was higher than that found in our previous study
where stimuli were presented sequentially (M = .65, SD = .13), t(70) = 2.40,

p < .01. In comparison, adults� accuracy on the spacing set did not vary across stud-

ies (Ms = .82).
Fig. 6. Mean difference scores (reaction time on inverted trials minus reaction time on upright trials +1

SE) for each face set and each age group.
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Discussion

In this study, 8-year-olds were more accurate when asked to discriminate faces

that differed only in the spacing among features when stimuli were presented simul-

taneously for an unlimited time than they were in our previous study where the stim-
uli were presented sequentially (Mondloch et al., 2002). Furthermore, 8-year-olds

(like adults) showed a larger inversion effect on the spacing set than on the featural

and contour sets. This is the pattern expected when faces in the spacing set are dis-

criminated with second-order relational processing and was the pattern shown by

children 10 years of age or over, but not 8-year-olds, in our previous sequential study

(Mondloch et al., 2002).

Two factors may have contributed to 8-year-olds� improved second-order rela-

tional processing in Experiment 2 compared with the previous sequential study.
First, memory demands were eliminated in Experiment 2. Second, the children were

allowed more time to encode second-order relations in the two faces. Although

unlimited presentation time also may have allowed participants to engage in direct

comparison between the stimuli, and thus rely on pictorial cues or feature-by-feature

comparison, it is unlikely that this explains 8-year-olds� improved performance given

that the children improved for the upright spacing set (73% correct vs. 65% correct in

the previous sequential version) but not for the inverted spacing set (57% in both

studies). One hallmark of relying on second-order relations when discriminating up-
right stimuli is a large inversion effect (Freire et al., 2000; Mondloch et al., 2002).

The comparison across studies suggests that 8-year-olds are unable to encode spa-

tial relations as efficiently as are adults. Unlike adults, 8-year-olds were more accu-

rate on the spacing set when stimuli were presented for an unlimited amount of time

in Experiment 2 than when stimuli were presented very briefly (200ms) in our previ-

ous study (Mondloch et al., 2002). Thus, one cause of their poor performance on

tasks requiring the processing of second-order relations may be encoding inefficiency

(or inability to remember the encoded relations across a short delay). Despite their
improved performance, 8-year-olds made more errors than did adults on the spacing

set, in contrast to their adultlike accuracy on the featural and contour sets. Their

immaturity on the spacing task cannot be attributed to the spacing set being more

difficult than the other sets. Adults� accuracy on the spacing set (M = .83,

SD = .10), although lower than their accuracy on the featural set (M = .94,

SD = .06), was actually higher than their accuracy on the contour set (M = .76,

SD = .14). The 8-year-olds� immaturity also cannot be attributed to speed/accuracy

trade-offs given that 8-year-olds did not respond faster on the spacing set than on the
featural and contour sets. Rather, there seems to be an immaturity in processing sec-

ond-order relations during childhood that cannot be eliminated by making featural

cues less prominent (Experiment 1) and that can be only partially reduced by pre-

senting faces simultaneously without a memory demand (Experiment 2).

The 8-year-olds were less accurate than adults on Jane�s cousins, a task in which

‘‘different’’ trials involved presenting two completely different faces, despite being as

accurate as adults on both the featural and contour sets and despite the fact that the

faces were presented simultaneously for an unlimited amount of time. Adults� supe-
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rior performance indicates the benefit of their greater sensitivity to second-order

relations even when featural and contour cues are available, a benefit that is likely

to increase when a face is seen from a novel point of view (Mondloch, Geldart

et al., 2003).
Experiment 3

Like our previous study (Mondloch et al., 2002), Experiments 1b and 2 investi-

gated 8-year-olds� sensitivity to second-order relations in recognizing facial identity.

In Experiment 3, we asked whether 8-year-olds would demonstrate adultlike sensitiv-

ity to second-order relations if the manipulations were so extreme as to make the faces

appear bizarre to adults. We made three types of alteration to each of four faces: fea-
tural distortions created by whitening the eyes and blackening portions of the teeth,

‘‘Thatcherization’’ created by inverting the eyes and mouth in an otherwise upright

face, and spatial distortions created by altering the spacing among the eyes, nose,

and mouth beyond natural limits. Each of these manipulations causes adults to rate

faces as highly bizarre when faces are upright (Lewis, 2001; Murray et al., 2000;

Searcy & Bartlett, 1996), and the effect of inversion on their ratings of bizarreness var-

ies across distortions. Ratings of the bizarreness of spatially distorted and Thatcher-

ized faces decrease nonlinearly with inversion (Lewis, 2001; Murray et al., 2000;
Searcy & Bartlett, 1996), whereas ratings of featurally distorted faces do not change

(Searcy & Bartlett, 1996) or actually increase slightly (Murray et al., 2000).

Even 6-month-olds discriminate between a normal face and a face that has been

Thatcherized, at least if the faces are upright (Bertin & Bhatt, in press), and by 6 years

of age children perform like adults when asked to rotate a Thatcherized face until it

changes from looking bizarre to looking normal (Lewis, 2003). They also pick the

Thatcherized version of a face as odd or unusual compared with the normal version

with which it is paired, and if the presentation time is unlimited, their accuracy ap-
proaches a ceiling of 100% (Donnelly & Hadwin, 2003). Because of the ceiling effect,

these data do not indicate whether children perceive Thatcherized faces to be as gro-

tesque as do adults, nor do the data indicate whether children perceive Thatcherized

faces to be as bizarre as featural distortions. In the current study, we asked 8-year-olds

and adults to rate faces on a 7-point ‘‘bizarreness’’ scale. The 8-year-olds� sensitivity
to second-order relations could be demonstrated in two ways: adultlike ratings of

Thatcherized and spatially distorted faces and greater inversion effects for Thatcher-

ized and spatially distorted faces relative to featurally distorted and unaltered faces.

Method

Participants

A total of 20 8-year-olds and 20 adults participated. The children completed this

task immediately following the paired Jane task for Experiment 2. Because we had

completed adult testing for Experiment 2 prior to designing the study using bizarre

faces, a different group of adults participated in Experiment 3. All adults were Cau-



Fig. 7. Inverted versions of a single female face that was unaltered (A), Thatcherized (B), spatially altered

(C), or featurally altered (D).
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casian and right-handed. We did not administer a test for visual screening to the

adults.1

Stimuli, apparatus, and procedure

Using Adobe Photoshop 4.0, we modified the original versions of four grayscale

photographs of female faces that were en face and smiling and whose photographs

included hair (Fig. 7).

To create featural distortions (Fig. 7D), we whitened the eyes and blackened por-
tions of the teeth (see also Murray et al., 2000; Searcy & Bartlett, 1996). To create

spatial distortions (Fig. 7C), we moved up the eyes so that the forehead comprised

36.5% of the length of the face, we moved the eyes closer together so that the bridge

of the nose comprised 18.1% of the width of the face, and we moved the mouth down

so that the chin comprised 13.9% of the length of the face (modeled after Murray et

al., 2000; Searcy & Bartlett, 1996). To Thatcherize each face (Fig. 7B), we inverted

the eyes and mouth within the context of the upright face (see also Lewis, 2001; Mur-

ray et al., 2000). The apparatus and informed consent procedures were the same as in
Experiments 1 and 2.

Participants were asked to rate each of 32 faces on bizarreness, using a method

based on Murray et al. (2000). To adapt the scale to 8-year-olds, the term ‘‘weird’’

was used instead of ‘‘bizarre.’’ The experimenter explained the task to the 8-year-olds

as follows: ‘‘These are pictures of people who went to a Halloween party. They tried

to make their faces look as weird as possible. Some of them look really weird, and

others look pretty normal. Now, you get to be the judge.’’ The Halloween story

was included because during pilot testing one child was reluctant to say that any face
was weird; she thought that doing so would be ‘‘mean.’’ Children were then asked to

arrange seven cups in order of increasing size. Each cup was numbered, ranging from
1 Having participated in Experiment 2 prior to rating bizarre faces should not have affected the

performance of the 8-year-olds. In Experiment 2, children saw faces equally often where individuals

differed in the shape of internal features or in the spacing of those features. These are also variations that

are encountered in everyday life. Thus, making same/different judgments about featural and spacing

differences in the laboratory, like those made in everyday life, should not have affected 8-year-olds� ratings
of bizarre faces.
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0 (smallest cup) to 6 (largest cup). The experimenter pointed to the cups while explain-

ing that the scale ran from 0 (for not at all weird) to 6 (for very, very weird). The pro-

cedure for adults was the same except that they were not told the Halloween story.

Each version of the four manipulated faces was presented twice—once upright

and once inverted within one of the four blocks of eight trials. Within each block
and for each orientation, one of the faces was presented in its unaltered form, a dif-

ferent face in its featurally distorted form, a third face in its Thatcherized form, and

the fourth face in its spatially distorted form. Within a block, each face was pre-

sented in a different form when upright (e.g., Thatcherized) than when inverted

(e.g., spatially distorted). Half of the participants received one random order, and

the remaining participants received the reverse order. Each face was shown on the

computer screen for 3s.

Results

The dependent variable in all analyses was the median rating by each participant

across the four exemplars of each type: unaltered, featurally distorted, Thatcherized,

and spatially distorted. Our primary question was the extent to which 8-year-olds�
sensitivity to various kinds of distortions in upright faces resembles that of adults.

We first conducted an ANOVA on upright ratings with one between-subjects factor

(age) and one repeated-measures factor (manipulation). The ANOVA revealed a sig-
nificant effect of manipulation, F(3,114) = 336.03, p < .001, and a significant

Age · Manipulation interaction, F(3,114) = 8.02, p < .001, but no significant main

effect of age, p > .10. Analyses of simple effects showed that 8-year-olds� ratings of
unaltered faces and featurally altered faces did not differ from those of adults,

ps > .10. In contrast, 8-year-olds rated both spatially distorted faces, t(38) = 3.10,

p < .01, and Thatcherized faces, t(38) = 2.18, p < .05, as less bizarre than did adults.

As shown in Fig. 8, adults� ratings did not vary across the three distorted versions,

whereas children rated featurally distorted faces as more bizarre than spatially dis-
torted and Thatcherized faces.

To determine whether children used changes in second-order relations to detect

the spatial distortions and the Thatcherization, we calculated a difference score for

each face type comparing upright and inverted ratings. The ANOVA revealed a sig-

nificant effect of face type, F(3,114) = 68.2, p < .001, but no effect of age and no

Age · Face Type interaction, ps > .10. As shown in Fig. 8, analyses of simple effects

revealed no effect of inversion for featurally distorted faces, p > .10, but revealed a

significant decrease in ratings of spatially manipulated faces, t(39) = 5.82, p < .001,
and Thatcherized faces, t(39) = 9.79, p < .001, when stimuli were inverted. Interest-

ingly, bizarreness ratings of unaltered faces increased, t(39) = 2.45, p < .02, when

stimuli were inverted.

Discussion

As in previous studies (Lewis, 2001; Murray et al., 2000; Searcy & Bartlett, 1996),

adults� ratings of Thatcherized and spatially distorted faces decreased when the stim-



Fig. 8. Mean ratings (+1SE) for each version and each age group when stimuli were presented upright (left

panel) and inverted (right panel).
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uli were inverted, whereas their ratings of normal faces and featurally distorted faces

increased slightly or did not change. These results confirm that adults� ratings of

Thatcherized and spatially distorted faces were based on processing second-order

relations—a type of configural processing.

The 8-year-olds showed some evidence of sensitivity to distortions of the rela-

tions among features. They rated spatially distorted and Thatcherized faces as

more bizarre than unaltered faces. Like adults, they rated spatially distorted and

Thatcherized faces as less bizarre when the faces were inverted, whereas their rat-
ings of unaltered and featurally distorted faces either did not change or increased

slightly. These results are consistent with those of two previous studies in which 6-

year-olds judged a Thatcherized face to be less bizarre when it was rotated toward

an inverted position (Lewis, 2003) or into an inverted position (Donnelly & Had-

win, 2003).

Nonetheless, 8-year-olds rated Thatcherized faces and spatially distorted faces as

less bizarre than did adults. Their lower ratings cannot be attributed to their unwill-

ingness to use both ends of the scale; like adults, they gave featurally distorted faces
very high ratings and gave unaltered faces very low ratings. Rather, these results are

consistent with the hypothesis that second-order relations are less salient to 8-year-

olds than they are to adults. Given that even these very large spatial distortions are

less salient to 8-year-olds than to adults, it is perhaps not surprising that 8-year-olds

are less sensitive than adults to smaller differences in second-order relations that exist

among faces in the real world—both when making same/different judgments for

pairs of faces that differ only in the spacing of facial features (Mondloch et al.,

2002) and when recognizing facial identity despite changes in point of view and light-
ing (Benton & Van Allen, 1973, as cited in Carey et al., 1980; Bruce et al., 2000;

Mondloch, Geldart et al., 2003).
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General discussion

This series of experiments indicates that under some conditions, 8-year-olds dem-

onstrate moderately good sensitivity to second-order relations: when viewing time

was unlimited and faces were presented simultaneously (Experiment 2) and when dis-
tortions of spacing exceeded natural limits (Experiment 3). These results indicate

that the neural systems responsible for the processing of second-order relations

are functioning reasonably well by 8 years of age (see also Brace et al., 2001; Carey

& Diamond, 1994; Freire & Lee, 2001; Mondloch et al., 2002). Nevertheless, even

under these conditions, 8-year-olds were not as sensitive as adults to the manipula-

tions of spacing despite the fact that they showed adultlike performance for the fea-

tural changes tested in the same experiments, thereby ruling out explanations based

on differences in motivation or other performance factors. Moreover, under real-
world conditions—faces varying within natural limits and seen one at a time—8-

year-olds apparently do not use second-order relations effectively to decode identity

(Mondloch et al., 2002).

This series of experiments identified several factors that contribute to the limita-

tions at 8 years of age. Experiment 3 indicated that second-order relations are less

salient to 8-year-olds than to adults, even when those relations have been distorted

so as to make the face appear grotesque. Experiment 2 indicated that 8-year-olds en-

code second-order relations less efficiently than do adults; unlike adults, they are
more accurate when faces are presented simultaneously than when faces are pre-

sented sequentially, and it is only when faces are presented simultaneously that inver-

sion disrupts the accuracy of 8-year-olds on the spacing set more than on the featural

and contour sets. In addition, memory demands likely contribute to 8-year-olds�
poorer performance when faces are presented sequentially; they may be unable to

store and retrieve second-order relations, even after a brief delay. The elimination

of memory demands likely contributed to their improved performance on the simul-

taneous task. Nevertheless, in both Experiments 2 and 3, 8-year-olds� performance in
detecting second-order relations did not reach adult levels. They rated the faces with

distorted second-order relations as relatively less bizarre than did adults, and their

accuracy on the simultaneous version of the spacing set was significantly poorer than

that of adults. This contrasts with adult levels of performance on the featural ver-

sions of both tasks.

This series of experiments also allows us to rule out some factors as explanations

of 8-year-olds� poor performance on the spacing set. It is unlikely to be caused by

their being distracted by individual internal and external features while performing
the task. Blurring the faces reduced the salience of featural information (Experiment

1a), but neither blurring the features nor occluding them improved the performance

of 8-year-olds (Experiment 1b). Their poor performance also cannot be attributed to

speed/accuracy trade-offs given that 8-year-olds responded faster and more accu-

rately on featural trials than on spacing trials in the paired Jane task (Experiment

2) and there was no time pressure in the final task where children were asked to rate

faces on bizarreness (Experiment 3). Finally, their poor performance cannot be

attributed to their inability to make same/different judgments about highly similar
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faces given that their performance was adultlike on the featural and contour sets

(Experiment 2).

Children�s relative insensitivity to second-order relations has implications for face

recognition in the real world. It may explain why 8-year-olds made more errors than

did adults on Jane�s cousins even though Jane�s cousins were three completely differ-
ent women. Adults� higher accuracy may reflect their ability to make efficient use of

differences in the spacing of features in addition to featural and contour processing. It

likely also explains the results of a study in which children and adults were asked to

match one of three target faces to a model based on identity despite changes in head

orientation, identity despite changes in emotional expression, direction of eye gaze,

emotional expression or vowel being mouthed. In that study, 10-year-olds were less

accurate than adults on only one of the five tasks—matching facial identity despite

changes in head orientation, a task that taps sensitivity to second-order relations
(Mondloch, Geldart et al., 2003). These results are consistent with other evidence

that children have more difficulty in recognizing faces in the real world whenever sec-

ond-order relations are especially important, that is, when a face is seen from a new

point of view, under new lighting conditions, or after a change in clothing/hairstyle

(Benton & Van Allen, 1973, as cited in Carey et al., 1980; Bruce et al., 2000).

Future studies will determine the specificity of children�s poor sensitivity to the

spacing of features. Sensitivity to second-order relations has been attributed to

expertise, gained through experience, at individuating a homogeneous class of ob-
jects (Diamond & Carey, 1986; Gauthier & Tarr, 1997; Valentine, 1991). According

to the expertise argument, 8-year-olds� performance should be more adultlike when

the children are tested with stimuli with which they have more experience (e.g., chil-

dren�s faces) or when tested with stimuli with which adults have less expertise (e.g.,

monkey�s faces). Alternatively, and contrary to the expertise argument, children�s
poor performance might not be face specific; that is, they might be less sensitive to

the spacing of features in nonface objects as well.
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