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Abstract

Individuals with ASD show differences in face processing abilities from early in development. To

examine whether these differences reflect an atypical versus delayed developmental trajectory,

neural responses to familiar and unfamiliar faces in 24 18-to 47-month-old children with ASD

were compared to responses of 32 12- to 30-month-old typically developing children. Results of

two experiments revealed that neural responses to faces in children with ASD resembled those

observed in younger typically developing children, suggesting delayed development.

Electrophysiological responses to faces were also related to parent-report of adaptive social

behaviors for both children with ASD and typical development. Slower development of the face

processing system in ASD may be related to reduced self-directed ‘expected’ experience with

faces in early development.
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Autism Spectrum Disorder (ASD) is a group of neurodevelopment disorders characterized

by impairments in social and communication functioning, and a restrictive and repetitive

pattern of behaviors and/or interests. Studies of face processing in ASD provide information

about the development of basic aspects of social brain circuitry and have demonstrated that

individuals with ASD show impaired face processing ability when assessed using behavioral
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paradigms (e.g., Blair, Frith, Smith, Abell, & Cipolotti, 2002; Hauck, Fein,

Maltby,Waterhouse, & Feinstein, 1998; for review Webb, Faja & Dawson, 2009),

electrophysiology (e.g., McPartland, Dawson, Webb, Panagiotides, & Carver, 2004;

O'Connor, Hamm & Kirk, 2005; Webb, Merkle et al.; 2009), or functional MRI (e.g.,

Kleinhans et al., 2008; Schultz et al., 2000).

One line of evidence that processing and recognizing faces may also be an area of weakness

for very young children with ASD comes from work with event-related potentials (ERPs),

derived from scalp-recorded electroencephalography (EEG). The EEG signal originates

from summed post-synaptic potentials of synchronously-firing cortical neurons, and scalp-

recorded EEG thus provides a non-invasive method of recording neural responses with

extreme temporal precision. Dawson, Webb and colleagues used ERPs to examine neural

responses to familiar and unfamiliar faces in 3- to 4-year-old children with ASD, and age-

matched children with typical development (Dawson et al., 2002; Webb, Dawson, Bernier,

& Panagiotides, 2006). While typically developing children showed amplitude differences in

three key ERP components in response to familiar versus unfamiliar faces (the Nc or

anterior early negative component; the P400 or mid-latency posterior positive component;

and the PSW or late anterior positive slow-wave response), the ASD group did not (Dawson

et al., 2002). Furthermore, an early posterior response to faces (the prN170 or N290) peaked

at a longer latency in the children with ASD than the typically developing children (Webb et

al., 2006). Thus, the children with ASD showed differences in their ERP responses to

familiarity, as well as slower neural responses to faces in general. In both of these reports,

the morphology of the ERP responses to faces was very similar between children with

typical development and ASD (also see Dawson, Webb, Carver, Panagiotides, &

McPartland, 2004) and ERP responses to object familiarity did not differ between groups

despite significant group differences in mental ability (Dawson et al., 2002).

What can account for these apparent differences in face processing? Current accounts of the

typical development of face processing stress ‘experience-expectant’ processes, that is, the

importance of interaction between pre-existing neural structures and experiences that are

typically available for all infants (Greenough & Black, 1992; Nelson, 2001). Many

disruptions in aspects of this system in ASD have been proposed, and are reviewed in detail

elsewhere (e.g., Dawson, Webb, & McPartland, 2005; Johnson et al., 2005; Grelotti,

Gauthier & Schultz, 2002; Webb et al., 2009). To summarize, some propose initial

atypicalities include impairments in the fusiform gyrus or low-level perception (e.g.,

Behrmann, Thomas & Humphreys, 2006; Dawson et al., 2005). These theories predict that

fundamental atypicalities in face processing should be apparent from very early in the

development of individuals with ASD. Alternatively, the progressive specialization of the

face processing system may be disrupted (e.g., Johnson et al., 2005), possibly because

children with ASD exhibit fewer of the typical social behaviors that are likely to provide

‘expected’ experiences (e.g., Grelotti et al., 2002; Dawson et al., 2005). If this is the case,

disruptions in face processing in ASD may emerge over development, as the system fails to

develop at a typical rate.

Examining the early development of face processing in toddlers with ASD is central to

evaluating these proposals. The familiar/unfamiliar face paradigm used by Dawson et al.
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(2002) is particularly interesting in this regard, as much is understood about its typical

developmental trajectory, summarized below.

Developmental Changes in ERP Responses to Familiar and Unfamiliar

Faces

The Nc (Courchesne, Ganz & Norcia,1981) is a negative-going deflection that occurs

around 300 to 800 ms after the onset of a stimulus, and is recorded over central and anterior

scalp regions. Because it is typically greater in amplitude (more negative) to novel or

unexpected stimuli and to stimuli presented during periods of heart-rate defined attention

versus inattention (Richards, 2003), the Nc may be modulated by the engagement of

attention to a stimulus. The Nc response to facial familiarity changes over development: in

6- and 9-month-old infants, the Nc is more negative amplitude to a familiar than an

unfamiliar face (de Haan and Nelson, 1997, 1999). This difference is also marginally

apparent in 18- to 24-month-old infants (Carver et al., 2003). No significant difference is

found at 24- to 45-months (Carver et al., 2003); while 3- to 5-year-old children show greater

negativity to unfamiliar than familiar faces (Carver et al., 2003; Dawson et al., 2002;

Moulson, Westerlund, Fox, Zeanah, & Nelson, 2009). Thus, there is a general transition

from greater responses to the familiar face, to greater responses to an unfamiliar face.

The Nc is followed over anterior electrodes by a prolonged positive deflection (the Positive

Slow Wave, or PSW). The PSW is thought to be involved in memory updating (Nelson,

1994; 1996), as it is typically greater in amplitude to novel stimuli than familiar stimuli (e.g.,

Nelson & Collins, 1991; Nelson & de Regnier, 1992), and its amplitude decreases with

multiple stimulus exposures (Snyder, Webb & Nelson, 2002). Like the Nc, the effect of

facial familiarity on the PSW changes over development. The PSW is more positive in

amplitude to unfamiliar than familiar faces in 4- (Webb, Long, & Nelson, 2005) and 6-

month-old infants (de Haan & Nelson, 1997, 1999) and in 3- to 4-year-olds (Dawson et al.,

2002). However, no effects of familiarity are observed in 6- to 12-month-old (e.g., Snyder et

al., 2002; Webb, Long & Nelson, 2005) or 7- to 30-month-old infants (Parker et al., 2005).

Thus, typically developing children may pass through a developmental phase where the

PSW is not modulated by familiarity.

Over posterior regions, the N290 is a negative deflection between 230 and 350 ms after

stimulus onset that is sensitive to face orientation and species and is thought to reflect

structural processing of face stimuli (de Haan, Pascalis & Johnson, 2002; Halit, de Haan &

Johnson, 2003; see de Haan, Johnson & Halit, 2003 for review). The latency of the N290

may decrease with age, from around 290 ms in 12-month-old infants to around 200 ms in 4-

year-old children (Kuefner, de Heering, Jacques, Palmero-Soler, & Rossion, 2010), although

the validity of cross-study comparison may be affected by methodological factors. Although

in 6-month-old infants, the N290 does not appear to be modulated by pre-experimental

facial familiarity (de Haan et al., 1997, 1999), Scott, Shannon and Nelson (2006) found that

the N290 was more negative to a familiar than an unfamiliar face in 9-month-old infants,

and Moulson et al. (2009) found that the N290 was more negative to an unfamiliar face than

a familiar face in 42-month-old children who had been institutionalized. Thus, the N290
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may be modulated by familiarity in certain circumstances, but the critical variables remain

unclear.

Finally, over posterior regions a positive deflection occurring between 300 and 800 ms after

stimulus onset (the P400) is also modulated by facial familiarity in childhood. Specifically,

responses to unfamiliar faces are more positive than to familiar faces in 45- to 54-month-old

(Carver et al., 2003), and 34- to 52-month-old typically developing children (Dawson et al.,

2002). However, six-month-old infants do not show differences in P400 response to familiar

and unfamiliar faces (de Haan & Nelson, 1999), and differences have not been observed in

18- to 24-month-old and 24- to 45-month-old children (Carver et al., 2003). Increased

allocation of early visual processing resources to unfamiliar faces may emerge in early

childhood.

Neural Correlates of Face Processing in ASD

The findings of Dawson, Webb and colleagues (2002, 2006) may indicate that early-stage

face processing and face familiarity processing are significantly disrupted from very early in

the development of ASD. If this is the case, similar group differences (for example, no

modulation of the ERP responses by facial familiarity and slowed N290 latency) should be

apparent from the earliest age at which ASD is diagnosed. However, work reviewed above

would also support an alternate explanation. Taken together, there is a stage between 24 and

36 months during which typically developing children do not show differential familiarity

based neural responses over the Nc, P400 and PSW. Possibly, 3- to 4-year-old children with

ASD are passing through this typical phase at an older age than typically developing

children. This would be more consistent with delay in the rate of development rather than

with an initial impairment in the face processing system.

This alternative account makes three predictions. First, toddlers with ASD should show

differential ERP responses at the Nc to familiar and unfamiliar faces that resemble those

seen in younger typically developing infants. Second, if typical developmental decreases in

N290 latency result from progressive specialization of the face processing system, a slowed

rate of specialization in ASD could result in the emergence of significant group differences

in N290 latency by early childhood (c.f. Webb et al., 2006), predicting that testing earlier in

development would reveal reduced or absent group differences between children with ASD

and TD. Lastly, if the development of these neural correlates of face processing is indeed

related to self-directed variation in ‘expected’ experiences with faces in early development,

the development of ERP correlates of face processing should be related to the child's level of

expression of typical social behaviors, since these are most likely to produce ‘expected’

experiences.

Present Study

Experiment 1 assessed neural responses to familiar and unfamiliar faces in 18- to 30-month-

old children with ASD (ASD-18to30) and children with typical development (TD-18to30),

and in 12- to 17-month-old children with typical development (TD-12to17), matched to the

ASD-18to30 group on developmental (parent report) level of social ability. We predicted

that if young children with ASD show delays in facial familiarity processing that are related
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to their level of adaptive social behaviors, responses in the ASD-18to30 group should

resemble responses in the TD-12to17 group. Specifically, the Nc should be more negative to

familiar than unfamiliar in both groups, but equivalent in the TD-18to30 group. Further,

group differences in the N290 component relative to age-matched controls should be absent.

In Experiment 2, we examined neural responses to familiar and unfamiliar faces in the

ASD-18to30 group when they were tested in a longitudinal follow-up assessment,

approximately one year after their participation in Experiment 1. We predicted that the

children with ASD, now 32 to 47 months (ASD-32to47 group) would show a similar pattern

of effects as found in Dawson et al. (2002), who were 34 to 52 months of age. Specifically,

there should be no modulation of any ERP component by facial familiarity. Finally, we used

trajectory-based analyses (Thomas et al., 2009) to examine the developmental relations

between social behaviors, chronological age, and key ERP responses across TD and ASD

groups. We predicted that the N290 latency and the effect of familiarity on the Nc would be

significantly related to children's social behaviors in both groups.

Experiment 1

Methods

Participants—Children in the ASD-18to30 (N = 59, 13 female) and typically developing

(TD)-18to30 (N = 34, 10 female) groups participated in the EEG assessment as part of the

NIH UW STAART Toddler Assessment Project, a larger study of the early development of

autism and a randomized control trial of the Early Start Denver Model intervention, which

included standardized diagnostic, cognitive, adaptive, and language assessments as well as

an experimental battery including social and cognitive tasks (Dawson et al., 2010; Webb,

Jones, Merkle, Namkung et al., 2010). An additional 45 TD children aged 12 to 17 months

(8 female) were recruited for the EEG assessment (TD-12to17). Participants were recruited

from clinics, hospitals, local advocacy groups, and the University of Washington

Communications Studies Participant Pool. All children were medication free, had no history

of head trauma, seizure disorder, chronic medical conditions, or known genetic syndrome

associated with ASD. Children were Caucasian (N = 117), Asian (N=6 ASD-18to30; N = 1

TD-12to17), and more than one race (N=8 ASD-18to30; N = 3 TD-18to30; N=3

TD-12to18).

Diagnostic Evaluation—Children with ASD were evaluated using the Autism Diagnostic

Interview-Revised (ADI-R; Lord, Rutter, & LeCouteur, 1994), the Autism Diagnostic

Observation Schedule (ADOS; Lord et al., 2000) and clinical judgment based on DSM -IV

criteria (American Psychiatric Association, 1994). The ASD group met criteria for Autism

or Autism Spectrum Disorder on the ADOS-Module 1 social and communication domains,

within 2 points of Autism on the ADI-R, and Autistic Disorder or Pervasive Developmental

Disorder Not Otherwise Specified based on DSM-IV criteria. Of note, all children in the

ASD group who participated in the longitudinal part of the study continued to meet criteria

for ASD at the subsequent assessment points (1 and 2 years later), consistent with other

studies (e.g., Chawarska, Klin, Paul,Macari, & Volkmar, 2009; Lord et al., 2006).
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To assess the development of typical social behaviors, we used the socialization subscale of

the Vineland Adaptive Behavior Scales (VABS, Sparrow, Balla, Cichetti & Doll, 1984;

Sparrow, Balla & Cicchetti, 2005). This parent-report measure covers social behaviors that

are approximately ordered according to their emergence in typical development, and is

sensitive to slower social growth in ASD (e.g., Anderson, Oti, Lord & Welch, 2009).

Examples of assessed behaviors in this age range are showing interest in other children, and

seeking others out for play. Additionally, the domains of communication, motor skills, and

daily living skills were assessed. Of note, age-equivalent VABS scores were used in most

analyses. Although there are limitations associated with the developmental scatter present

within a particular score (see Sattler, 2001), age-equivalent scores are less prone to floor-

effects that may be common in young children with ASD (Akshoomoff, 2006) and facilitate

interpretation of the developmental trajectories.

The Mullen Scales of Early Learning (Mullen, 1995) was used to assess cognitive function

in the ASD-18to30 and TD-18to30 groups. The Mullen domains are fine motor, gross

motor, visual perception, receptive language, and expressive language.

Children with TD did not meet criteria for ASD or other developmental disorders based on

clinical best estimate by a licensed child psychologist (JG) and the ADOS (TD-18to30 group

only). Children were included in the TD-18to30 group if they scored above 85 on the

Mullen composite standard score and on at least 3 of 4 of the VABS domain scores.

Children were included in the TD-12to17 group if reported as typically developing by their

parents, and scored above 85 on at least 3 of 4 VABS domain scores.

Final Sample—Sixteen children in the ASD-18to30 (4 female), 17 children in the

TD-18to30 (3 female) and 15 children in the TD-12to17 groups (4 female) provided

adequate artifact-free trials for both conditions. Children were Caucasian (N = 46), Asian

(N=1, ASD-18to30), and more than one race (N=1, ASD-18to30). Of those children who

were excluded, 1 child initially in the TD-18to30 group was subsequently diagnosed with

ASD, 2 children experienced experimenter error (1 ASD-18to30 and 1 TD-12to17), 3

children in the ASD-18to30 group were tested with a different electrode system, and 84

provided too few artifact-free trials (39 ASD-18to30, 16 TD-18to30, 29 TD-12to17).

Although the 36% inclusion rate is comparable to previously published studies (Halit et al.,

2003), we further examined the reasons why children did not provide sufficient data. These

included: (a) intolerance of the sensor net (e.g., fussing, verbal refusal, or physical refusal)

(18% TD-12to18, 42% ASD-18to30, 9% TD-18to30 group); (b) failure to attend to 30 trials

(16% TD-12to18, 7% ASD-18to30, 9% TD-18to30); and (c) failure to provide 15 ‘good’

trials per condition due to excessive artifact (body movement, pulling at net, eye

movements/blinks, mouth movements (31% TD-12to18 group, 17% ASD-18to30, 29%

TD-18to30).

Children in the ASD-18to30 or TD-18to30, who did and did not provide data for the final

sample groups, did not significantly differ on VABS socialization or communication age-

equivalent scores, Mullen composite age-equivalent scores, or ADOS subdomains (ASD

only)(Fs < 2, ps > 0.2). However, children in the ASD-18to30 group who did not provide
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data showed greater tactile sensitivity (as assessed by lower scores) on the Short Sensory

Profile (Table 1; McIntosh, Miller, Shyu & Dunn, 1999; F(1,52) = 11.9, p = 0.001).

Stimuli—Two digital photographs of faces (including both internal and external features)

were presented; one depicting the child's primary caregiver (familiar) and the other

unfamiliar. The unfamiliar face was selected from a pool of photographs, the majority of

which were the familiar face for other children in the study. The unfamiliar face was chosen

to be dissimilar from the familiar person in both internal facial configuration and features

but of similar gender, age, ethnicity, hair style, and head/face height. The nasion was

positioned at the horizontal and vertical center of the stimulus frame. Stimulus frames were

336 pixels wide by 420 pixels high and were presented for 500 ms on an LCD monitor at a

size of 18 cm by 11 cm, subtending a visual angle of 16 by 10 degrees.

ERP procedure—Children in the ASD-18to30 and TD-18to30 groups received behavioral

training sessions prior to ERP recording to acclimate them to the procedure (Dawson et al.,

2002). ERPs were recorded from 128-channel Geodesic sensor nets (recorded online with

reference to the vertex; re-referenced offline to the average reference). Data was recorded at

250 Hz, with amplification set at 1000x, and band-pass filtering at 0.1 and 100 Hz. Children

were presented with a series of 1800 ms trials (consisting of 100 ms baseline, 500 ms

stimulus presentation, 1200 ms post-stimulus recording period) separated by a 500 to 1000

ms randomly jittered ITI. Testing was terminated when the child had attended to 100 of each

of the stimulus types, or when the child was no longer attending. Offline, data were filtered

at 20 Hz and segmented into 1800 ms epochs. Artifact detection was accomplished with

both automatic artifact-detection software (NetStation 4.3) and through hand-editing (EJ,

SW). Trials were rejected if the child did not attend to the picture (recorded online by a

trained observer), if the signal amplitude exceeded 250 μV, if electro-ocular or muscular

artifact occurred, or if there was significant drift (defined as a difference of more than

200uV between the beginning and end of the trial). Trials were corrected with respect to the

100 ms pre-stimulus baseline period.

Regions (Figure 1) and components of interest were defined with respect to the previous

literature, and inspection of the grand average waveform. These regions substantially

overlap those used by Dawson et al. (2002) and Webb et al. (2006). For the N290, we

analyzed peak amplitude and latency; peaks were identified for each electrode using

automatic peak detection software, and verified by hand (EJ). The N290 was defined as the

most negative point of a negative-going deflection between 190 and 390 ms, present in at

least 4/7 electrodes in a group. Peak amplitude and latency values were averaged across

regions.

Where a child's N290 did not meet these criteria, that child's data was excluded from N290

peak analyses (e.g., Webb et al., 2009; Webb, Jones, Merkle, Murias et al., 2010). For

children who did not display a N290 peak, the most negative point selected by automatic

peak detection software was typically at the beginning or end of the selected time-window

(i.e., 190 ms or 390 ms), which would introduce outliers into the dataset. As a second

strategy, analyses were also conducted on average amplitude using 50 ms windows from

100 ms to 400 ms after stimulus including all subjects (regardless of the presence of a N290
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peak). Results mirrored those observed for the N290 peak amplitude presented below and

thus are not included.

For all other components (Nc, PSW, P400) where clear unitary peaks were not common in

individual data, mean amplitude was computed across selected time windows for each

region. Although the Nc displayed a clear peak in the grand-averaged data, many individual

subject averages displayed a broad flat Nc or two peaks within the time-window. Attempting

to select a peak was likely to introduce substantial noise into the data, and so analyses were

confined to mean amplitude across selected time-windows. Analysis of average amplitude

across 50 ms windows from 200 ms to 800 ms after stimulus onset revealed the same pattern

of results as reported below, and thus are not included.

Analyses were separated into early and late time windows for the Nc, PSW and P400.

Components were measured over the following time-windows (from stimulus onset): early

Nc 350-550 ms; late-Nc 550-750 ms; early-PSW 800-1200 ms; late-PSW 1200-1600 ms;

early-P400 350-550 ms; late-P400 550-750 ms. Components were divided into early and late

time-windows (of equal duration within each component to equate signal to noise ratio) to

examine whether any group differences occurred in peak activity (early time-window) or in

the offset of the component (late time-window). Of note, the early and late sections of the

Nc may reflect different neural sources (Reynolds & Richards, 2005) and Dawson et al.

(2005) found differences specifically in the early slow-wave response.

The Nc, PSW, P400 and N290 components were initially analyzed in a series of repeated

measures ANOVAs, with time (early, late), condition (familiar, unfamiliar) and region (left,

central, right) as within-subject variables, and group as a between-subject variable.

Greenhouse-Geisser corrections were used. Where significant interactions were found,

follow-up univariate ANOVAs or paired t-tests were used to clarify the pattern of findings.

When testing such interactions failed to reveal statistically significant results, these are not

discussed in the paper.

Results

Table 1 shows demographic and developmental data for each group. There were no effects

of condition or group on the number of analyzed trials (Fs < 1.5, ps > 0.2), and no

significant group differences in gender (X2(2, N = 48) = 0.43, p = 0.7). A series of univariate

ANOVAs with post-hoc Tukey tests revealed that: (i) As expected, the three groups differed

in chronological age (F(2,48) = 40.7, p < 0.001), due to significant differences between

TD-12to17 and the other two groups, which did not differ. (ii) The three groups differed in

socialization age-equivalent score (F(2,48) = 29.3, p < 0.001), due to significant differences

between TD-18to30 and the other two groups (ps < 0.001), TD-12to17 and ASD-18to30 did

not differ (p = 0.29). (iii) The three groups differed in communication age-equivalent scores

(F(2,48) = 48.8, p < 0.001) due to significant differences between all three groups

(TD-18to30 > TD-12-17 > ASD18to30). Of note, VABS data was not collected for the four

oldest children in the TD-12to17 group. To avoid a misleading group comparison, for

analyses (ii) and (iii) only, the socialization and communication age-equivalent scores for

these children were replaced with the child's chronological age, since linear regression

analyses showed the relation between chronological age and socialization/communication
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score in the TD group as a whole was strong (for socialization: rs > 0.7, ps < 0.001). (iv)

TD-18to30 and ASD-18to30 differed in Mullen verbal and non-verbal age-equivalent scores

(Fs > 20, ps < 0.001). Thus, ASD-18to30 was matched to TD-18to30 on chronological age,

and to TD-12to17 on adaptive social behavior.

N290—Of note, 1 child in the ASD-18to30 group, 3 children in the TD-12to17 group, and 3

children in the TD-18to30 group did not have a visible N290 peak in all regions and

conditions and were not included in this analysis. Posterior lead ERP graphs are presented in

Figure 2A for the TD groups and Figure 2B for the ASD groups.

For N290 amplitude there was a main effect of region (F(2,78) = 10.5, p = 0.001; see Figure

2D). Amplitude was more negative over the lateral regions than the central region (Fs > 10,

ps < 0.001); right and left posterior regions did not differ (F(1,39) = 1.4, p = 0.25). For N290

latency, there was a main effect of group (F(2,38) = 4.0, p = 0.03). TD-12to17 had

significantly longer N290 latencies than TD-18to30 (p = 0.02). The ASD-18to30 did not

differ from either typically developing group (ps > 0.3; Figure 2C).

P400—For P400 amplitude, there were main effects of time (F(1,45) = 123.3, p = 0.001)

and region (F(2,90) = 8.7, p = 0.001), qualified by a significant interaction between time,

condition, region and group (F(4,90) = 2.9, p = 0.03). ASD-18to30 showed a significantly

more positive response to the familiar versus the unfamiliar face over the left hemisphere in

the later time-window (F(1,15) = 9.6, p < 0.01). TD-18to30 and TD-12to17 showed

equivalent amplitude to familiar and unfamiliar at both left and right posterior regions over

the later time-window. There were no other significant effects of condition.

Nc—For Nc amplitude, there was a main effect of time (F(1,45) = 117.3, p = 0.001),

qualified by an interaction between time and group (F(2,45) = 6.2, p = 0.02). TD-12to17

showed a smaller (i.e., less negative) Nc over the early time-window than ASD-18to30 (p =

0.04) (Figure 3A vs 3B). TD-18to30 showed an intermediate response that did not

significantly differ from the other groups (ps > 0.1; Figure 3C). There were no group

differences in the later time window.

There was a significant condition by group interaction (F(2,45) = 4.1, p = 0.02; Figure 3E)

with responses more negative to familiar than unfamiliar for ASD-18to30 (F(1,15) = 5.9, p

= 0.03) and TD-12to17 (F(1,14) = 5.9, p = 0.03), but not for TD-18to30 (F(1,16) = 1.1, p =

0.3). There was no significant effect of group on responses to either the familiar or the

unfamiliar face (Fs < 2.5, ps > 0.1), indicating that it was the differential response that

varied between the groups.

There was also a main effect of region (F(2,90) = 6.4, p < 0.01), qualified by a region by

group interaction (F(4,90) = 6.1, p = 0.001). Responses were more negative over the right

than left hemisphere for TD-12to17 (F(1,14) = 9.1, p < 0.01) and ASD-18to30 (F(1,15) =

4.8, p = 0.04), but not for TD-18to30 (F(1,16) = 0.9, p = 0.4). There was also a significant

condition by region interaction (F(2,90) = 4.4, p = 0.02); responses to the unfamiliar were

more negative over the right than left hemisphere (F(1,45) = 11.0, p < 0.01), but responses

to the familiar face were not (F(1,45) = 1.7, p = 0.2).
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Anterior positive slow-wave—There were main effects of time (F(1,45) = 46.9, p <

0.001) and region (F(2,90) = 3.9, p = 0.04), qualified by a significant time, region by group

interaction (F(4,90) = 3.4, p =0.02). In the second time-window, right region amplitude was

more positive for ASD-18to30 than TD-12to17 and TD-18to30 (ps = 0.03, 0.04), who did

not differ (p = 0.99).

Summary

Findings suggest that facial familiarity responses in early ASD are delayed but not

necessarily atypical. The ASD-18to30 and TD-12to17 groups both showed more negative

Nc responses to a familiar versus an unfamiliar adult, whilst the TD-18to30 group showed

no effect of familiarity over any component. The Nc was right-lateralized in both the

TD-12to17 group and the ASD-18to30 group, but bilateral in the TD-18to30 group. Also

suggestive of delay, the N290 peaked at a significantly faster latency in the TD-18to30

compared to the TD-12to17 group, with the ASD-18to30 group responses averaging

somewhere in the middle. However, the ASD group also showed a pattern of responses that

differed from both typical groups. Specifically, the late anterior positive slow wave over the

right hemisphere was more positive in the ASD-18to30 group than either TD group and the

late P400 over the left hemisphere had more positive amplitude to the familiar versus the

unfamiliar face in the ASD-18to30 group only.

Discussion

Why might the Nc response to facial familiarity in young children with ASD resemble that

in social age-matched typically developing children? The Nc component is thought to reflect

the engagement of attention to a stimulus (e.g., Richards, 2003; Ackles & Cook, 2007, 2009;

Reynolds & Richards, 2005), and as such must be interpreted in the context of the eliciting

paradigm (in this case, the primary caregiver's face versus an unfamiliar face). Under

experience-expectant models, self-directed social experiences could influence the

development of many aspects of face processing, including face recognition. Group

differences in Nc response to the primary caregiver's face versus an unfamiliar face could

thus reflect the effect of disrupted social experiences on the development of this system.

Indeed, young children with ASD show early disruptions in face memory (Chawarska &

Volkmar, 2007; Chawarska & Shic, 2009), and habituate more slowly to an unfamiliar face

(Webb, Jones, Merkle, Namkung, et al., 2010).

Recognition memory is likely not the only critical factor in modulating Nc responses to the

primary caregiver's face: indeed, familiarizing infants with a face at the start of an

experiment can decrease the negativity of the Nc at ages that typically show enhanced Nc to

their caregiver's face (e.g., Reynolds & Richards, 2005; Courchesne et al., 1981). Rather, the

affective significance of the primary caregiver's face likely also influences the modulation of

the Nc by personal familiarity: Nc responses in the primary caregiver/unfamiliar face

paradigm are related to variables relating to the infant's attachment to their caregiver

(Swingler, Sweet & Carver, 2007; 2010), and Carver et al. (2003) suggest that changes in

the Nc familiarity effect over typical development may relate to the child's developing

independence from their caregiver.
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Experiment 2

Since the ASD-18to30 group resembled the TD-12to17 group in the modulation of the Nc

component by facial familiarity, it is possible that the 3- to 4-year-old children with ASD

tested by Dawson et al. (2002) showed no modulation of the Nc component by facial

familiarity because they were also responding like younger typically developing children,

such as the TD-18to30 group in Experiment 1. The ASD-18to30 group also showed an N290

latency that lay between the N290 latency of the TD-12to17 and TD-18to30 groups and that

was not significantly different from either, suggesting that the delay in this component

observed in older cohorts (Webb et al., 2006) may only be emerging in toddlerhood. Finally,

the P400 component showed a pattern of familiarity differentiation in the ASD-18to30

group that was not observed in either typically developing group, nor observed in previous

work with older children (Dawson et al., 2002). Possibly, the unusual P400 familiarity

response observed in toddlers with ASD resolves with age. There is of course an alternative

to all these explanations: subtle differences in analysis method or participant population may

account for the difference in results between Experiment 1 and previous work.

To address this possibility, the ASD-18to30 group was retested with the familiar face/

unfamiliar face paradigm approximately 1 year after their participation in Experiment 1.

This testing was conducted as part of the “Time 2” assessment of the wider longitudinal

study in which they were participating (NIH UW STAART; see Dawson et al., 2010). This

provided the opportunity to examine whether the cohort of children with ASD tested in

Experiment 1 would show a similar pattern to that reported by Dawson et al. (2002) and

Webb et al. (2006) when tested at an older age and with the Experiment 1 analysis strategy.

However, to note an important caveat, the NIH UW STAART was also a randomized

clinical trial of the Early Start Denver Model (ESDM) intensive intervention. After data

were collected at time 1 (included in Experiment 1), for those families who chose to

continue participation in the clinical trial, 50% of children with ASD were randomly

assigned to the ESDM group and over the course of the next 24 to 30 months, received an

average of 20.4 hours per week in intervention; the Assessment and Monitoring group

received an average of 18.4 hours per week of community based therapies (Dawson et al.,

2010). Since the numbers of participants with good data were too low to allow us to

compare responses in the two groups (see below), it is important to recognize that we cannot

separate effects of age from effects of early diagnosis and subsequent treatment.

Methods

Participants—Of the 59 children with ASD tested in Experiment 1, 47 children with ASD

aged between 32 and 47 months (11 female) participated in Experiment 2; the remaining 12

children were no longer participating in the wider study. Children were Caucasian (N=35),

Asian (N=5) and more than one race (N=7). Children were evaluated as in Experiment 1

(Table 1).

Final sample—Twelve children (one female) provided adequate artifact-free trials for both

familiar and unfamiliar conditions. Children were Caucasian (N = 7), Asian (N=2), and
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more than one race (N=3). This 26% inclusion rate is comparable with the 29% inclusion

rate for the ASD-18to30 group in Experiment 1.

Of those children who were excluded, 1 child experienced experimenter error and 34

provided too few artifact-free trials. Reasons children did not provide sufficient artifact-free

trials for analysis were: (a) 28% intolerance of the sensor net (e.g., fussing, verbal refusal, or

physical refusal); (b) 6% failure to attend to 30 trials; and (c) 38% failure to provide 15

‘good’ trials per condition due to excessive artifact (body movement, pulling at net, eye

movements/blinks, mouth movements.

Children contributing data to Experiment 2 were not always the same children who

contributed data to Experiment 1. Four of the twelve children included in Experiment 2 were

also included in the final sample for Experiment 1. Of the remaining eight, one child was

tested with a different electrode system and 7 children did not provide sufficient artifact-free

trials in Experiment 1. Of the twelve children who were included in the final sample in

Experiment 1 but not Experiment 2, two were no longer participating in the wider

longitudinal study, one child experienced experimenter error and nine did not provide

sufficient artifact-free trials in Experiment 2. Although the low number of children who

provided valid data in both experiments (n = 4) prevented statistical comparison of

developmental and diagnostic variables between children who provided data for one versus

both experiments, we addressed the representativeness of the final ASD-32to47 group in two

ways. First, using inclusion in the final ASD-32to47 group as the between-subjects variable,

we conducted a series of univariate ANOVAs on developmental (Mullen, VABS) and

diagnostic (ADOS, ADI-R) data collected concurrent with Experiment 2. There were no

significant developmental or diagnostic differences between children who did (n = 12) and

did not (n = 47) provide valid ERP data in the ASD-32to47 group at “Time 2” (see Table 1;

all Fs < 2, ps > 0.2). This suggests that children included in the final ASD-32to47 group

were representative of their cohort (Dawson et al., 2010). Second, again using inclusion in

the final ASD-32to47 group as the between-subjects variable, we conducted a series of

univariate ANOVAs on developmental (Mullen, VABS, Short Sensory Profile) and

diagnostic (ADOS, ADI-R) data collected concurrent with Experiment 1. This revealed that

there were no significant “Time 1” developmental or diagnostic differences between

children who did (n = 12) and did not (n = 47) provide valid ERP data in the ASD-32to47

group (all Fs < 2, ps > 0.2). Thus, the group was representative of their cohort at “Time 1”

(Dawson et al., 2010).

ERP Procedure—The stimuli, ERP procedures, and analysis strategy were identical to

those described in Experiment 1. A new picture was taken of the familiar person and a novel

unfamiliar face was used.

Results

N290—Of note, data from 2 children were excluded from the N290 analysis due to the

absence of a visible peak. For the number of electrodes with a visible N290 peak, there was

a main effect of region (F(2,22) = 13.1, p < 0.001); there were significantly fewer electrodes
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with visible peaks over the left region (mean = 5.5) than the right or central regions (means

= 6.7, 6.5; Fs(1,11) > 10, ps < 0.01).

For N290 peak amplitude, there was a main effect of region (F(2,18) = 5.4, p = 0.02; see

Figure 2D); amplitude was less negative centrally than in the right or left regions (Fs(1,11) >

8, ps < 0.02), which did not differ (F(1,9) = 0.05, p = 0.8).

For N290 latency there was a marginally significant effect of region (F(2,18) = 3.8, p =

0.07); responses were slower over the left versus the right region (F(1,9) = 6.1, p = 0.04;

Figure 2C). There were no effects of familiarity.

P400—There was a significant main effect of time (F(1,11) = 32.8, p < 0.001), qualified by

a significant region by time interaction (F(2,16) = 9.0, p < 0.01). The right region was

marginally more positive than the left region for the early time window (F(1,11) = 3.4, p =

0.09). There were no effects of familiarity.

Nc—There was a significant main effect of time (F(1,11) = 29.8, p < 0.001), such that

amplitude was more negative in the earlier time window. There were no other significant

effects, including condition (F(1,11) = 0.05, p = 0.8; Figure 3D) or region (F(1,11) = 0.5, p

= 0.5).

PSW—There was a main effect of time (F(1,11) = 9.9, p < 0.01) such that amplitude was

more positive over anterior regions in the early versus the later time window.

Summary

When tested at 32 to 47 months, children with ASD from the cohort tested in Experiment 1

showed no evidence of differentiation between a familiar and an unfamiliar adult over any

component measured, replicating the findings of Dawson et al. (2002). These results are

consistent with the hypothesis that the response to familiar and unfamiliar faces changes

over development, and that this pattern is delayed in children with ASD.

Trajectory analysis

To complement our research strategy of comparing young children with ASD to matched

control groups, we utilized the trajectory analysis method as described by Thomas and

colleagues (2009) to examine: (a) whether developmental change in neural responses to

faces within the typically developing group was related to their chronological age, and/or

their adaptive social behaviors; and (b) whether the developmental trajectory observed in the

ASD group was significantly different in either slope or intercept from that observed in the

typically developing group.

Methods

Participants—Children in Experiments 1 and 2 were combined into two diagnostic

groups, TD-all and ASD-all. Analyses for the ASD group were conducted without data from

the first time-point for the four children that were included in both Experiment 1 and
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Experiment 2, such that analyses for both diagnostic groups would be completely cross-

sectional and with a relatively even age distribution.

Analysis—Based on results from Experiment 1, the Nc and N290 were chosen because

they were differentiated diagnostic group and age. Dependent variables were mean Nc

amplitude to familiar minus unfamiliar over central regions (‘Nc familiarity effect’) and the

peak latency of the N290 response averaged across regions and conditions (‘N290 latency’).

Of note, the central region was chosen for the Nc analysis to avoid contamination by group

differences in Nc lateralization patterns.

Predictor variables were chronological age and VABS socialization age-equivalent scores.

Predictor variables were transformed such that the lowest score that was present in both

diagnostic groups was subtracted from each child's individual score (socialization - 10

months, chronological age -18 months); this enables comparison of the intercept of the two

diagnostic groups at a predictor level that was measured for both groups (Thomas et al.,

2009). We used a three-step analysis strategy: (i) A linear regression to examine the

predictor/dependent relation in the TD-all group only, to first establish whether the variable

was sensitive to developmental change. (ii) If a significant trajectory was present in typical

development, ANCOVAs were used to determine whether there was a significant difference

between groups in the intercept or slope of the relation between the predictor and dependent

variable. (iii) If this relation differed between groups, linear regression was used to

characterize the nature of the relation in the ASD-all group.

Results

Nc familiarity effect—For the TD-all group, there was no significant linear relation with

chronological age (F(1,31) = 2.5, p = .1), Figure 4A. In contrast, there was a significant

linear relation with socialization age-equivalent scores (int. = -2.65, slope = 0.3, F(1,27) =

4.9, p = .04) such that the familiarity effect was greater in children with younger

socialization age-equivalent scores (Figure 4B).

An ANCOVA including both TD-all and ASD-all groups revealed a significant main effect

of socialization age-equivalent scores (F(1,51) = 4.0, p =.05), and no main effects or

interactions with group (Fs < 1, p =.2). The effect of socialization score remained if

chronological age was included as a covariate (F(1,51) = 6.1, p = .02). Thus, the significant

linear relation between the modulation of the Nc by facial familiarity and social behavior did

not significantly differ in the two groups (see Figure 4A, 4B).

N290 latency—For the TD-all group, there was a significant linear relation with

chronological age (intercept = 258.2, slope = -2.1, F(1,27) = 6.9, p = .01), and with

socialization age-equivalent scores (intercept = 267.7, slope = -2.0, F(1,24) = 9.4, p < .01),

such that N290 latencies were longer in the younger children (Figure 4C) and the children

with lower socialization age-equivalent scores (Figure 4D).

An ANCOVA for both TD-all and ASD-all groups, with chronological age, showed a

significant interaction between diagnostic group and chronological age (F(1,49) = 5.0, p = .

02), and a significant main effect of chronological age (F(1,49) = 5.1, p = .03). This
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indicates that the developmental trajectories were significantly different in the two groups.

An individual regression analysis for the ASD-all group revealed no evidence of a

significant linear relation with age (intercept = 251.7, slope = -0.01, F(1,23) = 0.0, p = 0.98)

(Figure 4C). In the ANCOVA with socialization age-equivalent scores, there was a main

effect of socialization score (F(1,45) = 15.6, p <0.001)(Figure 4D; dotted line) and no

effects involving group (Fs < 1, p > 0.2). The effect of socialization score remained if

chronological age was also included as a covariate (F(1,45) = 16.5, p <0.001). Thus, the

groups did not significantly differ in the linear relation between the latency of the N290 and

their socialization age-equivalent score (Figure 4D).

Discussion

For both TD-all and ASD-all groups, higher socialization age-equivalent scores, were

related to less differentiation between a familiar and an unfamiliar face over the central Nc

and were linearly related to shorter N290 peak latencies. These relations remained when

chronological age was included as a covariate. For the TD-all group, linear relations

between N290 latency and chronological age were also apparent; these were not seen in the

ASD-all group.

General Discussion

ERP responses to faces of 18- to 30-month-old toddlers with ASD differed from those of

chronological age-matched typically developing children. However, responses in these

toddlers with ASD broadly resembled patterns seen in younger, 12- to 17-month-old

typically developing children who had similar developmental levels of socialization

behaviors. Further, both typically-developing children and children with ASD show similar

a relationship between the development of socialization skills and their ERP responses to

familiar versus unfamiliar faces, suggesting a similar developmental trajectory for both

groups. Of note, this is the first study to demonstrate relations between ERP responses to

faces and social behaviors in 1- to 3-year-old children with either typical development or

ASD, though findings are consistent with previous reports with other age groups (Key,

Stone, & Williams, 2009; Dawson et al., 2005). These patterns suggest that ‘impairments’ in

face processing observed in previous work with young children with ASD (Dawson et al.,

2002; Webb et al., 2006) may represent delays in the development of the face processing

system that may be associated with slowed development of adaptive social behaviors. These

findings will be discussed in turn, and their implications for models of face processing in

ASD considered.

Evidence for delay in the development of the neural correlates of face processing in ASD

Modulation of the Nc response by facial familiarity in the two typically developing groups

was consistent with patterns observed in previous work (e.g., Carver et al., 2003; Moulson et

al., 2009; Webb et al., 2005). Specifically, in the typically developing 18to30-month group,

facial familiarity did not modulate the Nc, while in the typically developing 12to17-month

group, the Nc component was larger (more negative) to the familiar than unfamiliar face.

The 18to30-month group with ASD showed significantly different Nc responses compared

to their age-matched control group, but similar responses to those of the younger typically
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developing 12to17-month group. When children with ASD from the same cohort were tested

1 year later (ASD-32to47), Nc responses were no longer modulated by familiarity, similar to

the typically developing18to30-month group. This suggests that facial familiarity processing

progresses through relatively typical developmental stages in ASD, but at a slower rate.

Intriguingly, using an average reference, the Nc was right-lateralized in the ASD 18to30-

month group and the TD 12to17-month group, and bilateral in the TD 18to30-month group.

Previous studies provide mixed evidence about Nc lateralization patterns, making this

pattern difficult to interpret. For example, using a linked mastoid reference Dawson et al.

(2002) found right-lateralization in 3- to 4-year-old children with ASD and typical

development, and Webb et al. (2005) found right-lateralization in 4- to 12-month-old

typically developing infants. However, using an average reference Carver et al. (2003) found

left-lateralization in typically developing children aged 24- to 45- months. Reference

scheme influences observed lateralization patterns (e.g., Nunez & Srinivasan, 2006).

Alternatively, there may be alterations or shifts in the lateralization pattern with

development. Of note, developmental changes in lateralization have also been observed in

ERP responses to language (for review, Mills & Sheehan, 2007) and alternations in

lateralization have been found in ASD (e.g., Chiron et al. 1995; Kleinhans et al., 2008;

McCleery, Akshoomoff, Dobkins, & Carver, 2009; Strogonova et al., 2007).

Developmental change was also observed over the posterior N290 component. Latency

decreased significantly with chronological age in the typically developing children, but not

in the children with ASD. Very few other studies have examined the N290 in this age range.

However, cross-study comparisons provide supporting evidence for a latency decrease in

typical development between 1 and 4 years (Halit et al., 2003; Kuefner et al., 2010).

Consistent with predictions, the 18to30-month group with ASD did not show prolonged

latencies relative to the typically developing 18to30-month group, although inspection of

Figure 2 indicates that a trend in that direction. Two recent reports found no significant

differences in N290 latencies in 10-month-old infants with an older sibling with ASD

relative to infants with a typically developing older sibling (Elsabbagh et al., 2009;

McCleery et al., 2009). Although it is presently unclear how many of these siblings will

develop ASD, these reports are consistent with the possibility that N290 differences are not

apparent in the very early development of ASD. The prolonged N290 latency to faces

observed in 3- to 4-year-olds with ASD relative to children with typical development (Webb

et al., 2006) is consistent with a plateau in the development of face processing development

in early childhood in children with ASD.

There is also evidence to suggest that some aspects of face processing ‘catch up’ in later

development for children with ASD, consistent with the contention that some early

difficulties do not represent fundamental atypicalities in perception or processing of a static

face. For example, Wilson, Pascalis and Blades (2007) found that 7- to 10-year-old children

with ASD were as accurate in recognizing familiar faces (teachers from the child's school)

as children with developmental delay. Further, relative to age-matched controls, the

presentation of personally familiar faces may normalize the early neural responses in both

adults and children with ASD (e.g., Pierce & Redcay, 2008; Webb, Jones, Merkle, Murias et

al., 2010). Concerning early responses to faces, Grice et al. (2005) found no group

Webb et al. Page 16

Child Dev. Author manuscript; available in PMC 2014 August 22.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



differences in N290 latency in 4- to 6-year-old children with ASD. However, other aspects

of face processing may remain delayed: for example, Grice et al. (2005) also found that the

N290 was modulated by gaze direction in 4- to 6-year-old children with ASD, a pattern seen

in 4-month-old typically developing infants (Farroni, Csibra, Simion, & Johnson, 2002).

Longitudinal studies employing comparable paradigms would be required to fully evaluate

the possibility that some aspects of face processing are atypical in early childhood but

resolve in later development, and to identify which aspects may remain problematic.

Relation to models of face processing

Within typical development, external experiences with faces are thought to play a critical

role in the developing face processing system. For example, between 6 and 9 months, infants

lose the ability to discriminate faces from ethnicities or species with whom they do not have

experience (e.g., Pascalis, de Haan, & Nelson, 2002; Kelly, Quinn et al., 2007), but exposure

to individuated (named) faces from these groups enables infants to maintain discrimination

(Pascalis et al., 2005; Scott & Monesson, 2009). Infants who have been deprived of social

experiences through institutionalization also show attenuated early neural responses to faces

relative to infants who were randomly assigned to foster care or never-institutionalized

children (Parker et al., 2005; Moulson et al., 2009). Thus, individual differences in the social

experiences available in a child's environment are likely to impact the early development of

the face processing system.

The availability of faces is likely to be relatively typical in young children with ASD;

however, the self-directed social experiences are likely to be atypical or decreased. While

little is known about the role of the infant's social behaviors in the development of their face

processing system, it is known that active experience plays a critical role in learning in a

number of domains. For example, providing infants with active grasping experience helps

them to understand the grasping actions of others (Sommerville, Woodward & Needham,

2005), and infants maintain the ability to discriminate vowels from a foreign language only

if they experience the language in the context of a social interaction (Kuhl, Tsao & Lui,

2005). General theories of child development such as neuroconstructivism emphasize the

critical role of the child's actions (‘proactivity’) in shaping the developing brain (Mareschal

et al., 2007). Thus, it is at least plausible that the child's social behaviors impact the

development of the face processing system.

This study is one of the first to explicitly address whether social behaviors are related to the

early development of face processing in either typical development or ASD and the first to

compare relations in both groups. The significant relations between modulation of the Nc by

familiarity, N290 latency, and socialization behaviors in the current research are consistent

with the possibility that a child's adaptive social behaviors influence the development of

their face processing system in early childhood. Indeed, the social skills examined in the

VABS Socialization scale for this age group include behaviors such as showing interest in

other children, playing co-operatively with others, and seeking others out for play or

companionship. These behaviors may influence the degree and quality of exposure that the

child has to other faces, which under an experience-expectant model supports the

development of face processing skills. Critically, this perspective would predict that the Nc
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response to familiarity, and the N290 latency, would be typical in young infants who are

later diagnosed with ASD, because recent work has suggested that individuals with ASD

exhibit relatively typical social behaviors in the first months of life (for review, Rogers,

2009). Current prospective studies with younger siblings of children with ASD will provide

opportunities to test this prediction.

However, the existence of a cross-sectional relation between parent-reports of social

behaviors, and face processing skills, does not imply causality. The relation between neural

structures involved in face processing and social behavior is likely complex and

bidirectional. For example, Dawson et al. (2005) argue that slower face processing may

prevent the correct temporal binding of facial expressions with contextual information,

disrupting the child's ability to appropriately respond to their social environment and thus

affecting their social behavior. Alternatively, relations between ERP responses to faces and

measures of social behavior may correlate due to their common reliance on the wider social

brain network, including structures such as the fusiform gyrus, the amygdala, the superior

temporal sulcus (STS), the prefrontal cortex, and the orbitofrontal cortex. Source analysis of

the Nc and N290 components in typically developing infants has localized them to

generators in this network, specifically the prefrontal and anterior cingulate cortices

(Reynolds & Richards, 2005) and the STS and fusiform gyrus (Johnson et al., 2005),

respectively. Johnson et al. (2005) propose that a failure of specialization within the social

brain network may contribute to social symptoms of ASD. Combining ERP measures with

brain imaging and behavior in a longitudinal study commencing in infancy may provide

insight into such developmental interrelations.

More challenging paradigms or alternative analytical techniques may reveal fundamental

atypicalities in face processing in young children with ASD. For example, Milne, Scope,

Pascalis, Buckley, & Makeig (2009) recently used independent components analysis (ICA)

to show that 8- to 18-year-old children with ASD had atypical early visual responses to

Gabor patches of different spatial frequencies. Using a similar technique may show that

apparently similar ERP responses in young children with ASD and TD differ in their

underlying components.

Notably, the P400 and slow-wave components in the 18to30-month group with ASD did not

match those seen in either the typically developing 12to17 or 18to30-month groups. Since

these findings were not predicted, drawing strong conclusions from these patterns requires

replication. However, these findings do not resemble patterns seen in typical development

and may be interpreted as atypicalities. For example, the late P400 greater response to the

familiar than unfamiliar face, seen in the 18to30-month group with ASD, has not been

previously observed in typically developing infants or toddlers (e.g., de Haan & Nelson,

1997, 1999; Carver et al., 2003). In typical development, modulation by familiarity appears

to emerge in the form of greater responses to the unfamiliar face around 3 to 4 years

(Dawson et al., 2002). Possibly, the presentation of a highly familiar face “normalizes” the

response of face-sensitive processes or regions that are otherwise less consistently activated

in ASD. Indeed, recent work with fMRI indicates that presentation of a personally familiar

face activates face-processing regions that are otherwise under-activated in both children
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and adults with ASD (e.g., Pierce, Haist, Sedaghat, & Courchesne, 2004; Pierce & Redcay,

2008).

Limitations and future directions

One limitation to the present findings is that data from the typically developing children

were cross-sectional rather than of a longitudinal nature. Longitudinal studies are

particularly important with clinical groups, in part because their heterogeneity makes

comparisons between groups more difficult. Longitudinal studies covering the period from

infancy to early childhood would provide further insight into the similarities and differences

between the developmental trajectories of familiar face processing in ASD and typical

development. Of note, the relatively high attrition rate associated with ERPs is also a

significant limitation both within this study and to conducting longitudinal studies. The ASD

group in Experiment 1 and Experiment 2 were from the same cohort, with relatively poor

overlap in the contribution of data to both time points. Attrition was due to inattention and

movement artifact in addition to non-compliance with wearing the net, suggesting that

training of attention may also be warranted. Although the group of children who did provide

valid ERP data were representative of the wider group in terms of their scores on the

cognitive, social, and diagnostic measures, children with ASD who provided valid data in

Experiment 1 did have lower levels of tactile sensitivity that children who did not. The lack

of a clear conceptual relation between tactile sensitivity and face processing suggests that it

is unlikely that this observation presents a significant confound to the results, although it

highlights the difficulty in using psychophysiological methods requiring skin contact in

some children with ASD. The difficulty with obtaining good signal from children with ASD

at two time points is not trivial, and complementing ERP studies of face processing with

behavioral tasks with lower attrition rates (e.g., Webb, Jones, Merkle, Namkung et al., 2010)

is an important goal for future work. Further, employing multiple measures of social

development will be critical. Although the relation between ERP measures and socialization

age-equivalent scores on the VABS was similar across diagnostic groups, similar age-

equivalent scores can mask underlying differences in social behaviors (Sattler, 2001). For

example, young children with ASD may show greater intra-individual scatter on VABS

socialization scores (Van Meter, Fein, Morris, Waterhouse, & Allen, 1997). Finally, the

present study cannot resolve the extent to which the ERP responses observed in Experiment

2 were influenced by the relatively intensive early intervention received by all children in

that group. In the wider study VABS Socialization scores did not differentially change in the

Assessment and Monitoring and Early Start Denver Model groups, which may indicate that

early intervention did not completely drive effects in the present study; however, it may be

that socialization scores were equally affected by intervention in both groups. Further work

relating the practices included in early intensive intervention to the development of face

processing in young children is warranted.

Summary

In summary, the present ERP data indicate that 18 to 30 month old toddlers with ASD do

show differential neural responses to the face of their primary caregiver from a 500 ms

stimulus presentation. However, their responses did not match those seen in chronological-

age matched children, but instead resembled responses seen in younger typically developing
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children, indicating that the typical developmental changes related to the influence of facial

familiarity on anterior cortical activity and the speed of early neural posterior cortical

responses may progress more slowly in ASD. Relations were found in both groups between

developmental level of social behavior and ERP responses, consistent with the proposal that

self-directed social experiences may impact the development of aspects of face processing.

Future research should identify the mechanisms underlying these relations, and their

longitudinal developmental trajectory.
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Figure 1.
Sensors included in each analysis region. Anterior components were analyzed over left

(24,25,21,30,29,36,28,35), central (4,5,10,11,12,16,19,20) and right

(3,124,119,118,117,111,112) regions. Posterior components were analyzed over left

(51,52,58,59,60,65,66), central (67,68,72,73,76,77,78), and right (85,86,91,92,93,97,98)

regions. 10-20 electrode names are presented for reference.
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Figure 2.
Developmental change in N290 latency, and N290 amplitude: (A) Grand average waveform

for the TD-18to30 and TD-12to17 groups, averaged across posterior regions and conditions;

(B) Grand average waveform for the ASD-18to30 (Experiment 1) and ASD-32to47

(Experiment 2) groups, averaged across posterior regions and conditions; (D) N290 peak

latency by region and group; (D) N290 peak amplitude by region and group. Error bars

indicate +/- 1 standard error.
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Figure 3.
Grand average waveforms of response to familiar and unfamiliar averaged across anterior

regions in (A) TD-12to17; (B) TD-18to30; (C) ASD-18to30 and (D) ASD-32to47 groups;

(E) Mean amplitude of the Nc response (350 to 750ms) to familiar and unfamiliar faces in

the four groups, averaged across region. Error bars indicate +/- 1 standard error.
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Figure 4.
Relations between the Nc familiarity effect (mean amplitude of response to familiar minus

mean amplitude of response to unfamiliar face across central regions) and (A) chronological

age and (B) socialization age-equivalent scores. Relation between the N290 peak latency

and (C) chronological age and (D) socialization age.
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Table 1

Mean (standard deviation) scores in children with ASD who did and did not provide sufficient artifact-free

trials for analysis. Significant differences between included and excluded groups are in bold.

ASD-18to30 ASD-32to47

Excluded Included Excluded Included

ADOS Social symptoms 11.1 (2.3) 11.0 (2.6) 9.1 (3.2) 8.3 (3.3)

ADOS Communication symptoms 5.3 (1.5) 5.2 (1.5) 4.4 (1.9) 4.4 (1.78)

ADI Social Symptoms 16.1 (3.9) 16.9 (3.1) Not Collected

ADI Communication Symptoms 11.5 (2.3) 11.5 (1.4) Not Collected

Mullen Verbal AE 10.6 (5.0) 9.6 (2.5) 26.6 (11.7) 26.9 (9.1)

Mullen Nonverbal AE 17.0 (3.3) 18.1 (2.0) 27.8 (6.8) 28.0 (8.7)

VABS Socialization AE 11.7 (3.6) 12.1 (2.3) 17.6 (7.3) 18.6 (6.5)

VABS Communication AE 11.3 (4.5) 11.8 (2.2) 20.8 (8.2) 21.7 (6.1)

VABS Motor AE 19.1 (3.4) 19.7 (3.8) 25.7 (6.2) 26.5 (5.2)

SSP Tactile Sensitivity 27.5 (4.1) 31.4 (2.8) Not Collected

SSP Visual/Auditory Sensitivity 20.2 (4.3) 20.6 (2.8) Not Collected

Key: AE – age equivalent; SSP - Short Sensory Profile
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