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Abstract

This study utilized electroencephalographic recordings to examine whether young children with
autism spectrum disorder (ASD) have impaired face recognition ability. High-density brain event-
related potentials (ERPs) were recorded to photos of the child’s mother’s face versus an unfamiliar
female face and photos of a favorite versus an unfamiliar toy from children with ASD, children
with typical development, and children with developmental delay, all 3 to 4 years of age (V=
118). Typically developing children showed ERP amplitude differences in two components, P400
and Nc, to a familiar versus an unfamiliar face, and to a familiar versus an unfamiliar object. In
contrast, children with ASD failed to show differences in ERPs to a familiar versus an unfamiliar
face, but they did show P400 and Nc amplitude differences to a familiar versus an unfamiliar
object. Developmentally delayed children showed significant ERP amplitude differences for the
positive slow wave for both faces and objects. These data suggest that autism is associated with
face recognition impairment that is manifest early in life.

INTRODUCTION

Autism is a developmental disorder characterized by qualitative impairments in social
interaction and communication and a restricted range of activities. Individuals with autism
have specific impairments in the processing of social and emotional information (Baron-
Cohen, Tager-Flusberg, & Cohen, 1993; Davies, Bishop, Manstead, & Tantam, 1994;
Dawson, Meltzoff, Osterling, & Rinaldi, 1998; Hobson, Ouston, & Lee, 1988a, 1988b;
Mundy, Sigman, Ungerer, & Sherman, 1986; Smith & Bryson, 1994; Teunisse & De-
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Gelder, 1994). Even on simple attention tasks, such as orienting to auditory stimuli, children
with autism are less likely to orient to social stimuli (e.g., clapping) than to nonsocial stimuli
(e.g., a rattle; Dawson, Meltzoff, Osterling, & Brown, 1998; Dawson et al., 2002). The basic
nature of these impairments suggests that autism is related to dysfunction of brain regions
specialized for early-stage processing of social information.

This study further explored the nature of early impairments in social cognition in autism. We
were interested in assessing very young children’s electrical brain responses to familiar and
unfamiliar faces, and focused on face recognition in autism for three reasons. First, the
profound disability in social cognition found in autism may be evident first in a failure to
attend to faces. In a study of home videotapes of first birthday parties, the failure to attend to
others’ faces was the single best discriminator between 1-year-olds with autism versus those
with typical development (Osterling & Dawson, 1994).

Second, face recognition impairments have been found in many studies of older individuals
with autism. Klin et al. (1999) found that elementary school-age children with autism scored
lower on face recognition tests than developmentally disabled children without autism.
Boucher and Lewis (1992) found that children with autism were impaired compared with
typically developing children on both picture-matching and picture-recognition tasks, and
Boucher, Lewis, and Collis (1998) found that children with autism performed worse on face-
recognition tasks than did children with learning disabilities. Adolescents and adults with
autism also show impaired face recognition (Cipolotti, Robinson, Blair, & Frith, 1999;
Hauk, Fein, Maltby, Waterhouse, & Feinstein, 1998; Jambaque, Mottron, Ponsot, &
Chivron, 1998; Ozonoff, Pennington, & Rogers, 1990; Teunissse & DeGelder, 1994).
Hobson et al. (1988a) and Langdell (1978) examined whether older individuals with autism
show the “face-inversion effect” that has been demonstrated in normal individuals; that is, a
superior ability to recognize upright as compared with inverted faces. In both studies,
individuals with autism recognized inverted faces better than normal control participants,
which suggests that they are not using the configural approach for processing upright faces
used by normal individuals.

Third, neural systems that mediate face recognition appear to exist very early in life,

offering the possibility that face recognition impairment may be one of the earliest indicators
of abnormal brain development in autism. In normal infancy, the face holds particular
significance and provides nonverbal information important for communication and survival
(Darwin, 1872/1965). Face recognition ability is present during the first 6 months of life. A
visual preference for faces (Goren, Sarty, & Wu, 1975) and the capacity for very rapid face
recognition (Walton & Bower, 1993) are present at birth. By 4 months, infants recognize
upright faces better than upside down faces (Fagan, 1972), and at 6 months, infants show
differential event-related brain potentials to familiar versus unfamiliar faces (de Haann &
Nelson, 1997, 1999).

Much is known about the neural systems that subserve face recognition in adult humans and
primates. In monkeys, face-selective neurons have been found in the inferior temporal areas,
TEa and TEm; the superior temporal sensory area; the amygdala; the ventral striatum (which
receives input from the amygdala); and the inferior convexity (Baylis, Rolls, & Leonard,
1987; Desimone, Albright, Gross, & Bruce, 1984; Leonard, Rolls, Wilson, & Baylis, 1985;
O Scalaidhe, Wilson, & Goldman-Rakic, 1997; Rolls, 1984, 1992; Williams, Rolls, Leonard,
& Stern, 1993; Wilson, O Scalaide, & Goldman-Rakic, 1993). In functional magnetic
resonance imaging (fMRI; Gauthier, Tarr, Anderson, Skudlarski, & Gore, 1999; Kanwisher,
McDermott, & Chun, 1997; McCarthy, Puce, Gore, & Allison, 1997) studies of face
recognition the fusiform gyrus is activated, typically more on the right than on the left. A
recent fMRI study of high-functioning individuals with autism and Asperger syndrome
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(Schultz et al., 2000) showed a failure to activate the fusiform face area during face
processing. Damage to fusiform gyrus and to amygdala results in impaired face recognition
(Aggleton, 1992; Damasio, Damasio, & Van Hoesen, 1982). Parts of the inferior and medial
temporal cortex may work together to process faces (Nelson, 2001). For example, the
anterior inferior temporal cortex and the superior temporal sulcus project to the lateral
nucleus of the amygdala (Aggleton, Burton, & Passingham, 1980; Amaral, Price, Pitkanen,
& Carmichael, 1992), with the amygdala responsible for assigning affective significance to
faces, and thus affecting both attention and mnemonic aspects of face processing.

Previous studies of face recognition in autism (reviewed above) have used older individuals
and required verbal instructions and responses. Our intent was to study face recognition in
autism with both verbal and nonverbal children at a young age to better determine when
such impairments emerge. To achieve this goal, high-density event-related potential (ERP)
recordings (Tucker, 1993) were utilized to examine electrical brain activity to familiar and
unfamiliar faces and objects in 3- to 4-year-old children with autism spectrum disorder
(ASD) and comparison groups of children with developmental delay (DD) and typical
development. In addition to offering spatial resolution on the scalp that is superior to
conventional ERP recording methods, the dense-array ERP method is completely
noninvasive and relatively easy to apply. This is in contrast to other brain imaging
techniques, such as positron emission tomography (PET) or fMRI, which require injection
of radioactive substances or require children to remain motionless for long periods of time.
These latter methods are extremely limited in their applicability to severely impaired or very
young children and have inferior temporal resolution. The high-density ERP method
involves simply laying a light net of wet electrodes on the child’s head and requires no
abrasion of the scalp to obtain 64 simultaneous channels of electroencephalogram (EEG)
activity. This method has been successfully used to study localized brain activity during
speech perception in infants as young as 2 months of age (Dehaene-Lambertz & Dehaene,
1994). We found that such a method is ideal for testing hypotheses regarding brain function
in young, normally developing infants and children with autism.

In a series of studies of young infants, Nelson and colleagues (e.g., Nelson & Collins, 1991,
1992) reported that distinct ERP patterns could be invoked to both familiar and unfamiliar
faces. de Haan and Nelson (1997, 1999) found differential ERPs to a highly familiar face
(i.e., the infant’s mother’s face) versus a dissimilar-looking unfamiliar female face in studies
with 6-month-old infants. In the present study, a similar procedure was utilized with young
children with ASD and comparison groups to assess early recognition of familiar faces and
objects.

Three ERP components were examined. First, in de Haan and Nelson’s (1997, 1999) studies
of face processing in 6-month-olds, an early sensory component was observed over occipital
scalp locations. de Haan and Nelson (1999) found that this P400 component peaked earlier
over posterior scalp locations for faces than for objects, suggesting a temporal advantage in
processing faces over objects. Differences in P400 amplitude were not found for familiar
versus unfamiliar stimuli, however. Second, de Haan and Nelson (1997, 1999) found that the
Nc component was larger in response to familiar faces and objects as compared with
unfamiliar faces and objects. The Nc is a middle-latency negative component, which is
maximal over frontal midline electrodes and has been associated with increased attention to
salient stimuli (Courchesne, 1978; Nelson, 1994), as well as with recognition memory (de
Haan & Nelson, 1997, 1999; Nelson, 1994). Third, late slow-wave activity also differed in
response to familiar versus unfamiliar stimuli in de Haan and Nelson’s study (1999).
Positive slow-wave (PSW) activity over frontal scalp locations was larger for unfamiliar
than for familiar stimuli. The PSW has been associated with memory processes. Given that
it is likely that 6-month-olds are able to recognize their mother’s face, the increased PSW
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activity to the stranger may reflect updating of the memory trace for the unfamiliar stimulus
(Nelson, 1994).

Three groups of children participated in the present study: (1) 63 children with ASD who
had diagnoses of either Autistic Disorder or Pervasive Developmental Disorder-Not
Otherwise Specified (PDD-NOS), (2) 27 children with developmental delay (DD) without
ASD, and (3) 28 children with typical development. Participants were recruited from local
parent advocacy groups, public schools, the Department of Developmental Disabilities,
clinics, hospitals, and the University of Washington Infant and Child Subject Pool.
Exclusionary criteria included the presence of a neurological disorder of known etiology
(e.g., Fragile X), significant sensory or motor impairment, major physical abnormalities,
history of serious head injury, seizures, and/or neurological disease. In addition, children
with typical development were excluded if they exhibited unusually high or low (1 SD)
cognitive ability as assessed by their composite score on the Mullen Scales of Early
Learning (Mullen, 1997)

Children with ASD were administered a diagnostic evaluation consisting of the Autism
Diagnostic Interview—Revised (ADI-R; Lord, Rutter, & Le Couteur, 1994) and the Autism
Diagnostic Observation Schedule-Generic (ADOS-G; Lord, Rutter, Goode, &
Heemsbergen, 1989). Both instruments assess the symptoms of Autistic Disorder listed in
the Diagnostic and Statistical Manual of Mental Disorders, 4th ed. (DSM-1V; American
Psychiatric Association, 1994). In addition, clinicians made a clinical judgment of diagnosis
based on the presence and/or absence of autism symptoms as defined in the DSM-IV.
Diagnosis of autism was defined as meeting criteria for Autistic Disorder on the ADOS-G
and ADI-R and meeting DSM-IV criteria for Autistic Disorder based on clinical judgment.
Also, if a child received a diagnosis of Autistic Disorder on the ADOS-G and based on
DSM-1V clinical diagnosis, and came within 2 points of meeting criteria on the ADI-R, the
child was also considered to have Autistic Disorder. Diagnosis of PDD-NOS was defined as
meeting criteria for PDD-NOS on the ADOS-G, meeting criteria for Autistic Disorder on the
ADI-R or missing criteria on the ADI-R by 5 or fewer points, and meeting DSM-IV criteria
for Autistic Disorder or PDD-NOS based on clinical judgment. Children with DD and
typically developing children were administered the ADOS-G. These children did not meet
criteria for Autistic Disorder or PDD-NOS on the ADOS-G or based on DSM-IV criteria,
nor did they show elevated symptoms on these measures.

Children were provided with a series of training and desensitization sessions (described
below) to increase compliance with the ERP procedures. Despite extensive training,
noncompliance was not uncommon, and therefore, interpretable ERP data were available for
only a subset of the sample tested. Attrition levels were similar to many ERP studies with
normal infants.

For the face study, of the initial sample of 63 children with ASD, 34 children (20 with
Autistic Disorder and 14 with PDD-NOS) provided adequate artifact-free data (18 were not
compliant, 10 provided too few artifact-free trials, and 1 experienced an equipment
malfunction). Of the initial sample of 27 children with DD, 16 provided adequate artifact-
free data (2 were not compliant, 8 provided too few artifact-free trials, and 1 experienced an
equipment malfunction). Of the initial sample of 28 children with typical development, 19
provided adequate, artifact-free data (8 provided too few artifact-free trials, and 1
experienced an equipment malfunction).
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Table 1 presents demographic and descriptive information, including gender, ethnicity,
socioeconomic status (SES) based on the Hollingshead Four Factor Index of Social Status
(Hollingshead, 1975), chronological age, and Early Learning Composite mental age, for the
three groups of children included in the final sample for the face study. The three groups did
not differ in terms of gender, ethnicity, SES, or chronological age. As expected, the typical
development group had a significantly higher mental age than did the ASD group, t=8.1, p
<.001, and the DD group, ¢=7.4, p<.001. The ASD and DD groups did not differ in terms
of their mental age, 7= .3, p=.803.

For the object study, of the initial sample of 63 children with ASD, 33 children (20 with
Autistic Disorder and 13 with PDD-NOS) provided adequate, artifact-free data (18 were not
compliant, and 12 provided too few artifact-free trials). Of the initial sample of 27 children
with DD, 17 children provided adequate, artifact-free data (1 was not compliant, 7 provided
too few artifact-free trials, and 2 experienced an equipment malfunction). Of the initial
sample of 28 children with typical development, 21 provided adequate, artifact-free data (1
was not compliant, and 6 provided too few artifact-free trials).

Table 2 presents demographic and descriptive information, including gender, ethnicity, SES,
chronological age, and Early Learning Composite mental age, for the three groups of
children included in the final sample for the object study. The three groups did not differ in
terms of gender, ethnicity, SES, or chronological age. As expected, the typical development
group had a significantly higher mental age than did the ASD group, #=8.6, p<.001, and
the DD group, t=7.1, p<.001. The ASD and DD groups did not differ in terms of their
mental age, = .6, p=.544.

Stimuli

Face stimuli: Each child’s mother’s face was photographed by color digital camera against
a light gray background. Each mother wore a gray scarf to obscure her neck and clothing
neckline. Earrings and other jewelry were removed. Mothers assumed a neutral facial
expression.

The image of each mother’s face was matched with another, dissimilar female face selected
from mothers of other children who participated in the study. The experimenter selected the
unfamiliar face stimulus so that paired faces were of the same ethnicity and faces of mothers
who wore glasses were paired with faces of other mothers who wore glasses. Otherwise,
paired faces were chosen to be dissimilar in terms of hair color, hair style, eye color, face
shape, and facial features (e.g., size of nose).

Object stimuli: Each participant’s parent brought the child’s favorite toy to the session. The
toys did not have faces visible when photographed. Each toy was digitally photographed
against a gray background. Because the size of toys varied, images of toys were graphically
manipulated so that the perceptual sizes of the stimuli on the monitor on which they were
presented were approximately equivalent. Each toy image was matched with another color-
digitized image of a toy selected from toys brought in by other participants.

The choice of the unfamiliar object was made by an experimenter based on the following
criteria: Paired objects were from the same category (i.e., both were toys). The unfamiliar
toy was similar to the participant’s toy in shape, color, and size but had a different function
(e.g., if the child’s favorite toy was a vehicle, the control toy was chosen to be similar in
size, shape, and color, but was not another vehicle). Each child’s parent confirmed that the
child was not familiar with the comparison object.
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Procedure

Training: Prior to data collection, each child received up to seven behavioral training
sessions to acclimate the child to the testing setting and apparatus. During each training
session, the child sat on the parent’s lap in the position in which data collection would occur.
One experimenter provided the child with both social and edible reinforcement while a
second experimenter touched the child’s head with different objects for time periods of
increasing duration. Training began with touching the child’s head with a tape measure for 5
s. Subsequently, within and across sessions, the time duration was increased using the
following objects: a dry towel, a damp towel, a dry “practice” sensor net, and a damp
“practice” sensor net. This procedure served to desensitize the child to tactile stimulation of
the scalp. The goal for termination of training was toleration of the damp “practice” sensor
net for approximately 40 s.

Data collection: The child sat on the parent’s lap in front of a table approximately 75 cm
from the video monitor that delivered the stimulus in a sound-attenuated room. A large,
trifold screen obscured the back of the monitor and the back part of the room from the
child’s view. The child’s head was measured and the vertex was marked. An appropriate-
size 64 channel Geodesic sensor net (Electrical Geodesics, Inc.; Tucker, 1993) was placed
on the child’s head and fitted according to manufacturer’s specifications after being dipped
into a potassium chloride electrolyte solution. The 64 EEG electrodes covered a wide area
on the scalp ranging from nasion to inion and from the right to the left ear arranged
uniformly and symmetrically. Impedences were kept below 40 kQ.

The face and object recognition studies were presented in counterbalanced order; half of the
children viewed the face stimuli first, the other half of the children viewed the object stimuli
first. For each study, familiar and unfamiliar stimuli were presented in a pseudorandom
order. The stimuli were displayed on a 17-inch (43 cm) Apple color monitor. The stimulus
frames were 32 cm (520 pixels) wide x 24 cm (420 pixels) high. In the face recognition
condition, the faces were fitted within the frame and were displayed at 18 cm from the top of
the head to the chin and 11 cm from cheek to cheek with £1-cm variance in each direction.
For the object recognition study, the stimuli were fitted within the same size frame. A break
of approximately 3 min separated the face and object recognition studies.

A baseline recording of 130 ms preceded stimulus onset, and the stimulus appeared on the
screen for 500 ms. Event-related potential data were recorded for an additional 1200 ms
following stimulus offset. The intertrial interval varied randomly between 500 and 1200 ms.
Data collection was terminated when the child had attended to 50 of each of the familiar and
unfamiliar stimuli, or when the child was no longer tolerant of the procedure. An
experimenter observed the child through a peephole in the trifold screen, and signaled the
computer via button press when the child was not attending. Trials on which the child did
not attend were removed.

Electroencephalogram recording: The EEG from the 64 channels was registered
continuously. The signal was amplified and filtered via a preamplifier system (Electrical
Geodesics, Inc.). The amplification was set at 1000x and filtering was done through a .1 Hz
high-pass filter and a 100 Hz elliptical low-pass filter. The conditioned signal was
multiplexed and digitized at 250 samples per second via an Analog-to-Digital converter
(National Instruments PCI-1200) positioned in an Apple Macintosh computer dedicated to
data collection. Data were recorded continuously and streamed to the computer’s hard disk.
A second computer generated the stimuli. The two computers were interfaced via one of
their serial ports for precise synchronization. The timing of the stimulus onset and offset
were registered together with the physiological record for offline segmentation of the data.
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Data were collected using the vertex electrode as a reference, and were re-referenced offline
to an average mastoid reference.

Data editing and reduction: Data were averaged using the Electrical Geodesics, Inc.
program Averager. Signals from electrode sites were marked for rejection if the weighted
running average exceeded 150 micro-volts for transit and 250 microvolts for voltage.
Running averages are analogous to using a band pass filter and reject both high-frequency
noise and low-frequency drift. This method identifies the slope and rejects sharp transitions
in the data. Trials during which electroocular (EOG) artifact, including eye blinks and
movements, occurred were also excluded. EOG artifact was defined as any activity
exceeding 150 microvolts or a deviation in running averages of activity in superior eye
channels exceeding 150 microvolts. Trials that had more than 10 electrode sites not meeting
these criteria were not included in the averaging.

Transformations were applied to averaged data to correct for baseline shifts and to digitally
filter data (low-pass Butterworth 20 Hz) to reduce environmental noise artifact. In addition,
an algorithm that derived values from the neighboring sites by spline interpolation was used
to replace electrodes for which more than 25% of trials were rejected by artifact. Participants
for whom more than 10 channels required this replacement were excluded from further
analyses. For the face study, an average of 2.83 (SD = 2.48) channels per participant were
replaced for the ASD group, an average of 2.63 (5D = 2.17) channels were replaced for the
typical development control group, and an average of 3.0 (SD = 2.5) channels were replaced
for the DD group. Paired ttests revealed no significant differences in the number of
channels replaced between groups, all s > .05. For the object study, an average of 2.94 (SD
= 2.68) channels per participant were replaced for the ASD group, an average of 3.95 (SD=
2.46) channels were replaced for the typical development group, and an average of 3.18 (SD
= 2.29) channels were replaced for the DD group. There were no significant differences in
the number of channels replaced between groups, all gs > .05. There were also no
differences within groups between the number of channels replaced in the face study and in
the object study, all ps > .05. All participants whose data were included in the final sample
had at least nine artifact-free trials in each condition. Table 3 depicts the number of
participants and average number of trials in each condition for each group.

Data analysis: Time windows for the hypothesized components of interest were chosen by
visual inspection of data from individual participants, which ensured that for each
participant the component of interest was captured in the time window. The time intervals
used were 194 to 590 ms for the Nc component, 286 to 610 ms for the P400 component, and
670 to 1670 ms for the PSW component. In addition, for each component, the electrodes
over which the component was apparent were identified. Electrode groups were identified
that included anterior and posterior midline and lateral scalp locations. The ERP data was
averaged over these electrodes for each component. The placement of electrodes in the
geodesic sensor net system, and the electrodes over which data were averaged for each
component are shown in Figure 1.

For each component of interest, the overall ANOVAs that included group (ASD versus
comparison group) as a between factor, and condition (familiar versus unfamiliar) and
hemisphere as within-subject factors are described first. Because only a subsample of
children had adequate artifact-free data for both the face and object studies, face and object
data were analyzed separately. Comparisons between the ASD and typical development
groups, and between the ASD and DD groups were calculated separately, because only
children with autism who were also mentally retarded were included in these analyses.
Dependent variables for analyses of the P400 and Nc components were peak amplitude and
latency. The dependent variable for the PSW component was mean amplitude.
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P400—As seen in Figure 2, the P400 to unfamiliar faces had a posterior distribution, which
was comparable across the three groups. Table 4 is a summary table showing means and
standard deviations for P400 amplitude for all groups. Analyses of variance comparing the
ASD and typical development groups revealed, for midline P400 amplitude, a main effect of
condition at lateral leads, A1, 51) = 4.51, p< .05, and a Group x Condition interaction, A1,
51) = 6.03, p<.05. Post hoc analyses were conducted to interpret the interaction effect, as
shown in Table 4. Typically developing children showed a significantly more positive
midline P400 amplitude to the unfamiliar than to the familiar face (see Figure 3A). Typically
developing children also showed a larger lateral P400 amplitude to the unfamiliar face than
to the familiar face, but this effect was only marginally significant. Children with ASD
showed no significant differences in P400 amplitude to the familiar versus unfamiliar face at
all scalp locations assessed (see Table 4 and Figure 4A). There were no differences in P400
latency to familiar versus unfamiliar faces for either group, all gs > .10. Analyses of
variance comparing the ASD versus DD groups for P400 amplitude and latency yielded no
significant main effects or interactions, all ps > .05.

Nc—As seen in Figure 2, Nc was present concurrently with P400, but was maximal at
anterior locations. For the typical development and ASD groups, Nc was slightly right
lateralized; for the DD group, Nc amplitude was maximal at anterior midline electrodes.
Table 5 is a summary table showing means and standard deviations for Nc amplitude for all
groups. Analyses of variance comparing the ASD and typical development groups revealed,
for Nc lateral amplitude, main effects of condition, A1, 51) = 7.49, p< .01, and hemisphere,
A1, 51) =11.62, p<.001, and a significant Group x Condition interaction, A1, 51) = 4.59,
p < .05. Nc lateral amplitude was significantly more negative for unfamiliar than familiar
stimuli, and was larger over the right as compared with the left hemisphere. Post hoc
analyses were conducted to interpret the interaction effect. Typically developing children
showed a significantly larger Nc amplitude to the unfamiliar than to the familiar face (see
Table 5 and Figure 3A). Children with ASD showed no significant differences in Nc
amplitude to the familiar versus unfamiliar face at all scalp locations assessed. Analyses of
variance comparing the ASD versus DD groups for Nc amplitude yielded, at lateral leads, a
main effect of hemisphere, A1, 48) = 10.0, p < .01. Nc amplitude was significantly larger
over the right as compared with the left hemisphere. Analyses of variance conducted on Nc
latency yielded no significant main effects or interactions, all ps > .05.

Positive slow wave—Table 6 is a summary table showing means and standard deviations
for PSW mean amplitude for all groups. Analyses of variance comparing PSW mean
amplitude for the ASD and typical development groups revealed a significant main effect of
hemisphere, A1, 51) = 7.21, p< .01. Positive slow wave was more positive over the right
than the left hemisphere. As shown in Table 6, post hoc analyses showed that typically
developing children displayed a larger midline PSW mean amplitude to the unfamiliar than
to the familiar face at the midline scalp locations, but this effect did not reach statistical
significance (see Figure 3A). Typically developing children did not show a difference in
PSW mean amplitude at the lateral scalp locations. Analyses of variance comparing the
ASD versus DD groups for PSW mean amplitude revealed, at lateral leads, a significant
main effect of hemisphere (right larger than left), A1, 48) = 4.73, p < .05; a significant
Condition x Hemisphere interaction, A1, 48) = 9.02, p<.01; and a significant Condition x
Hemisphere by group interaction, A1, 48) = 8.62, p < .01. Post hoc analyses were conducted
to interpret the three-way interaction. As shown in Table 6 and Figure 5A, children with DD
showed a significantly larger midline PSW mean amplitude in response to the familiar than
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to the unfamiliar face. Follow-up analyses revealed that for the DD group, there was no
difference in the PSW mean amplitude over the right hemisphere, {15) = -.53, p=.60. Over
the left hemisphere, however, the PSW mean amplitude was larger for familiar than for
unfamiliar faces, #15) = 4.88, p< .05.

Event-Related Potentials to Objects

P400—As seen in Figure 6, the P400 to objects had a posterior distribution that was similar
for the typical development and ASD groups, but was slightly more right lateralized for the
DD group. Table 4 is a summary table showing means and standard deviations for P400
amplitude for all groups. Analyses of variance comparing the ASD and typical development
groups revealed, at lateral leads, a significant main effect of condition, A1, 52) = 11.54, p
<.001, and a significant Hemisphere x Group interaction, A1, 52) =5.73, p< .05. As
shown in Table 4 and Figure 4B, post hoc analyses showed that both children with ASD and
those with typical development (Figure 3B) displayed significantly larger P400 amplitudes
in response to the unfamiliar than to the familiar object. Analyses of variance comparing the
ASD and DD groups revealed a significant Condition x Group interaction at both midline,
A1, 48) = 4.3, p< .05, and lateral, A1, 48) = 4.84, p< .05, leads, and a significant effect of
hemisphere at lateral leads, A1, 48) = 9.4, p< .01. Post hoc analyses are shown in Table 4.
As can be seen in Figure 5B, children with DD showed no significant differences in P400
amplitude, all ps >.10. Analyses of variance yielded no significant main effects or
interaction related to P400 latency to familiar versus unfamiliar objects, all ps > .10.

Nc—As seen in Figure 6, Nc was present concurrently with P400, but was maximal at
anterior locations. For the typical development and DD groups, Nc was slightly right
lateralized; for the ASD group, the Nc distribution was centered at midline anterior sites.
Table 5 is a summary table showing means and standard deviations for Nc amplitude for all
groups. Analyses of variance comparing the ASD and typical development groups revealed
significant main effects of condition at both midline, A1, 52) = 6.71, p< .05, and lateral,
A1, 52) =8.67, p< .01, leads; a significant effect of hemisphere at lateral leads only, A1,
52) = 16.6, p<.001; and a significant Hemisphere x Group interaction, A1, 52) = 9.49, p<.
05. As shown in Table 5, post hoc analyses showed that both children with ASD and those
with typical development displayed a larger Nc amplitude in response to the unfamiliar as
compared with the familiar object (this only approached statistical significance for the ASD
group). For the typical development group only, Nc was larger over the right than the left
hemisphere. Analyses of variance comparing the ASD and DD groups yielded a main effect
of hemisphere, A1, 48) = 9.4, p< .05, and a Condition x Group interaction, A1, 48) = 5.67,
p<.05. As shown in Table 5, post hoc analyses showed that whereas children with autism
displayed a larger Nc amplitude to unfamiliar than to familiar objects, children with DD did
not show this difference. Analyses of variance revealed no main effects or interactions
related to Nc latency, all ps > .10.

Positive slow wave—Table 6 is a summary table showing means and standard deviations
for PSW mean amplitude for all groups. Analyses of variance comparing PSW mean
amplitude for the ASD versus typical development groups revealed no significant main
effects or interaction. Similar ANOVAs comparing the ASD versus DD groups revealed a
significant effect of group, A1, 48) =6.46, p < .05; a significant effect of condition, A1, 48)
=8.14, p< .01; and a significant Condition x Group interaction, A1, 48) = 11.72, p=.001.
Positive slow-wave amplitude was larger for unfamiliar than for familiar objects, and
children with ASD displayed a larger PSW mean amplitude compared with children with
DD. As shown in Table 6 and Figure 5B, post hoc analyses showed that children with DD
displayed significant larger lateral PSW mean amplitude to unfamiliar than to familiar
objects, whereas children with ASD did not show this difference.
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Table 7 summarizes the results pertaining to ERP amplitude differences for unfamiliar
versus familiar faces and objects for the three groups of children. Children with ASD failed
to show differential ERPs to the face stimuli, but did show P400 and Nc amplitude
differences to object stimuli. Typically developing children showed ERP amplitude
differences in all three components (P400, Nc, PSW) for the face stimuli, and in the P400
and Nc components for the object stimuli. For the DD children, ERP amplitude differences
were found in the PSW component for both faces and objects. For the ASD group for all
three components, the standard deviations of the ERP amplitudes for faces were smaller than
those for the objects. Thus, greater interindividual ERP variability for faces is not likely to
be an explanation for this pattern of findings.

DISCUSSION

In the present study, both children with typical development and those with DD showed
differential ERP responses to their mother’s versus an unfamiliar face and to a favorite
versus an unfamiliar object. Typically developing children showed significantly larger P400
and Nc amplitudes to the unfamiliar face as compared with their mother’s face, and to a
favorite object as compared with an unfamiliar object. In 6-month-olds, de Haan and Nelson
(1999) also found Nc amplitude differences for mother’s versus an unfamiliar face and for a
familiar versus unfamiliar object, although the Nc was larger for the familiar stimuli. The
age difference between the 3- to 4-year-olds in the present study and the 6-month-olds in the
de Haan and Nelson study might explain this difference. Young infants might devote greater
attention to their mother’s face, whereas for the older children, the reverse might be true.

Children with DD showed a larger PSW amplitude to their mother’s face as compared with
the unfamiliar face, and to the unfamiliar object as compared with a favorite object.
Although the ERP pattern was different for the children with typical development versus
DD, both groups showed differential ERPs to the unfamiliar versus familiar faces and
objects. It is notable that the children with typical development showed differential
processing of the familiar versus unfamiliar stimuli at the early, perceptual stages of
processing, whereas the children with DD showed differential processing only at the later
stages of processing.

In contrast with children with typical development and DD, children with ASD did not show
a differential brain electrical response to their mother’s versus an unfamiliar face, but did
show larger P400 and Nc amplitudes to the unfamiliar object as compared with a favorite
object. In fact, their ERPs to objects were quite similar to those of the chronological age-
matched typical children; that is, larger P400 and Nc amplitude to the unfamiliar object at
the lateral scalp locations. Thus, like the typical development children, for objects, the
children with ASD showed differential brain activity at the early stages of processing. This
is interesting in light of the fact that these children were matched to those with DD in terms
of overall mental age and 1Q level. These data add to the growing body of evidence
indicating a selective impairment in social processing in autism.

What might the fact that young children with autism do not show differential brain
responses to their mother’s versus an unfamiliar face mean? One possibility is that there
exists a genetically determined specialized system for face processing (Farah, Rabinowitz,
Quinn, & Liu, 2000; Farah, Wilson, Drain, & Tanaka, 1998) and that autism involves a
genetic abnormality that affects this system. Newborns are capable of recognizing faces
(Johnson, Dziurawiec, Ellis, & Morton, 1991; Pascalis, de Schonen, Morton, Deruelle, &
Fabre-Grent, 1995; Simion, Valenza, Umilta, & Barba, 1998), suggesting that face
recognition is a very early capability. There is evidence for very early specialization of right
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fusiform gyrus for face processing. Mazoyer et al. (1999) used PET to study neurologically
impaired infants while they were presented with faces versus nonface stimuli, and found
activation of the right fusiform gyrus, among other areas of the brain.

On the other hand, as Nelson (2001) and others (Morton & Johnson, 1991) have argued,
both the fragility and nature of the early face recognition abilities suggest that they are
served by a different neural system than the system that emerges later in the first year of life.
Morton and Johnson (1991) hypothesize that early face processing abilities are served by a
subcortical neural system, which is replaced by a cortical system that emerges by 6 months
of age. The latter is less fragile and more experience dependent. These changes in the face
processing system may reflect “experience expectant developments” (Nelson, 2001); that is,
a readiness of the brain to receive specific types of information from the environment
(Greenough, Black, & Wallace, 1987). This readiness occurs during sensitive periods during
which specific types of information are reliably present for most individuals. Exposure to
faces is a reliable experience for most human infants, and likely facilitates development of a
neural system that is specialized for faces. Nelson (1993) found human infants superior to
adults in discriminating monkey faces, suggesting that experience with human faces results
in a “perceptual narrowing” similar to what is observed with speech perception (Doupe &
Kuhl, 1999). Gauthier et al. (1999) showed that increased expertise in object recognition is
associated with increased activation of the fusiform gyrus, a region reliably activated by face
processing. These studies suggest that specialization of the fusiform gyrus is influenced by
both experience and expertise.

Experience may also play a role in abnormal development of the face processing system in
autism (Carver & Dawson, in press). We hypothesize that the abnormalities in face
processing found in autism may be related to abnormalities in social attention, and, more
specifically, that the neural mechanisms that naturally draw the normal infant’s attention to
the eyes are dysfunctional in autism. Such mechanisms normally facilitate mutual gaze and
the acquisition of knowledge about others’ intentions and facial expressions. Beginning
early in life, in autism there may be a deprivation of critical experience-driven input that
results from a failure to pay normal attention to faces, particularly the eye region.

Behavioral studies suggest that the most salient parts for face recognition are, in order of
importance, eyes, mouth, and nose (see the review in Shepherd, 1981). Studies utilizing
intracranial ERPs to face stimuli found the amplitude of the face-specific ERP component to
decrease in the same order (Allison, Puce, Spencer, & McCarthy, 1999; McCarthy, Puce,
Belger, & Allison, 1999). Eye-scanning studies in humans (Yarbus, 1967) and monkeys
(Nahm, Perret, Amaral, & Albright, 1997) show that eyes and hair/forehead are scanned
more frequently than the nose. Human infants focus on the eyes rather than the mouth
(Haith, Bergman, & Moore, 1979). Using eye-tracking technology to measure visual
fixations, Klin (2001) recently reported that adults with autism show abnormal patterns of
attention when viewing naturalistic social scenes. The patterns include reduced attention to
the eyes and increased attention to mouths, bodies, and objects.

Although little is known about how autism is manifest in early infancy, studies based on
home videotape observations suggest that 8- to 10-month-old infants with autism can be
distinguished from typically developing infants by their failure to orient to social stimuli
(Werner, Dawson, Osterling, & Dinno, 2000). Interestingly, in a case study of an infant
whose development was monitored from birth to 2 years of age, it was found that this infant
showed normal social responses before about 6 months of age, but failed to develop
anticipatory and intentional social responses that typically emerge in the second half of the
first year, such as engaging in reciprocal imitative play (Dawson, Osterling, Meltzoff, &
Kuhl, 2000). Although no conclusions can be based on one case study, these observations
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suggest that lack of normal social attention by children with autism reflects an impairment in
a neural system that comes on line during the second half of the first year. Dawson and
colleagues (Dawson, Carver, & McPartland, 2000a, 2000b) have suggested that this lack of
intentional and anticipatory social attention is related to a fundamental difficulty in forming
representations of the reward value of social stimuli. Representations regarding the
anticipated reward value of a stimulus begin to motivate and direct attention by the second
half of the first year of life (Ruff & Rothbart, 1996). Establishing such representations
regarding the anticipated reward value for social stimuli may be challenging for children
with autism because social reward feedback (e.g., a smile in response to a behavior) is less
predictable and more variable compared with nonsocial reward feedback (e.g., a sound in
response to pushing a button; Dawson & Lewy, 1989). Gergely and Watson (1999) showed
that in contrast to typically developing infants and toddlers, children with autism show a
strong preference for highly contingent, nonvariable (i.e., perfect rather than imperfect)
contingency feedback. The normal infant’s attention is drawn to the imperfect contingent
feedback that is characteristic of social interactions, whereas the child with autism is drawn
to the less variable feedback of nonsocial stimuli (Dawson & Lewy, 1989; Gergely &
Watson, 1999). This might result in a lack of attention to social stimuli, including faces,
thereby creating a kind of deprivation of normal learning experiences with faces.

It is likely that social reward plays an important role in the consolidation of memories for
emotional experiences and for emotionally laden stimuli, such as faces and facial
expressions. The amygdala is necessary for assessing the emotional significance (reward
value) of a stimulus. There is increasing evidence that the amygdala plays a role in
enhancing memory for emotional stimuli. The physiological arousal experienced in
association with emotional events or stimuli may be an important component in an
amygdala-based memory system (Phelps & Anderson, 1997). Patients with amygdala
damage do not show typical differential forgetting curves for arousing and nonarousing
stimuli (arousing stimuli are recalled better). These patients have been shown to have intact
recall for words that were emotional in meaning, but not arousing as measured by skin
conductance response (Phelps, LaBar, & Spencer, 1997). If there exists amygdala
dysfunction in autism, this might contribute to an impairment in memory consolidation for
social stimuli, such as faces and facial expressions.

It is currently unknown whether there is a critical period for the development of a
specialized face recognition system during which exposure and attention to faces are critical
for normal development. Given that autism typically is not recognized until age 3 to 4 years,
many children with this disorder might not have the necessary early experience for normal
development of face processing. Early detection of autism is critically important so that the
secondary effects of this disability can be avoided (Dawson, Ashman, & Carver, 2000). It is
unknown whether very early intervention would prevent the full manifestations of autism.
Evidence suggests that intensive early behavioral intervention can have a substantial impact
on the outcome of children with autism (Dawson & Osterling, 1997; Lovaas, 1987; Rogers,
1998). Such evidence, however, rests on few studies, and only one controlled study; these
studies require replication with other samples. Behavioral and electrophysiological studies
of typical children suggest a protracted developmental course of the face recognition system,
with substantial changes in face processing occurring from infancy through adolescence
(Carey, 1992; Taylor, McCarthy, Saliba, & Degiovanni, 1999). It is possible that
intervention started during the early preschool period or even later could significantly alter
the developmental course of face processing in children with autism.

In conclusion, the present study suggests that an impairment in face recognition in autism
exists by 3 to 4 years of age. Whether such an impairment can serve as an early behavioral
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marker of autism, and whether such an impairment can be avoided by very early
intervention are questions that await future research.
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Front

Figure 1.

Electrode groups over which data were averaged for each component (reference electrode
during recording at location Cz). The Nc component is shown in the light-shaded areas
(top). The P400 component is shown in the dark-shaded areas (bottom). Electrodes that are
shaded black indicate the slow-wave component.
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Anterior

Posterior

Figure 2.
Voltage maps of event-related potentials to unfamiliar faces at 450 ms for children with (A)
autism spectrum disorder, (B) typical development, and (C) developmental delay.
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Figure 3.

Averaged event-related potential waveforms at the anterior (top) and posterior (bottom),
right hemisphere, midline, and left hemisphere scalp locations for familiar and unfamiliar
(A) faces and (B) objects for children with typical development. Areas in which significant
differences were found for familiar versus unfamiliar stimuli are shaded in black.
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Figure4.

Averaged event-related potential waveforms at the anterior (top) and posterior (bottom),
right hemisphere, midline, and left hemisphere scalp locations for familiar and unfamiliar
(A) faces and (B) objects for children with autism spectrum disorder. Areas in which
significant differences were found for familiar versus unfamiliar stimuli are shaded in black.
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Figureb5.

Averaged event-related potential waveforms at the anterior (top) and posterior (bottom),
right hemisphere, midline, and left hemisphere scalp locations for familiar and unfamiliar
(A) faces and (B) objects for children with developmental delay. Areas in which significant
differences were found for familiar versus unfamiliar stimuli are shaded in black.

Child Dev. Author manuscript; available in PMC 2013 May 10.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Dawson et al.

A

Page 23

Anterior

Posterior

Figure6.
Voltage maps of event-related potentials to unfamiliar objects at 490 ms for children with
(A) autism spectrum disorder, (B) typical development, and (C) developmental delay.
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