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Abstract
Individuals with autism spectrum disorders (ASD) have pervasive impairments in social functioning,
which may include problems with processing and remembering faces. In this study, we examined
whether posterior ERP components associated with identity processing (P2, N250 and face-N400)
and components associated with early-stage face processing (P1 and N170) are atypical in ASD. We
collected ERP responses to a familiar repeated face (Familiar), an unfamiliar repeated face (Other)
and novel faces (Novels) in 29 high functioning adults with ASD and matched controls. For both
groups, the P2 and N250 were sensitive to repetition (Other vs. Novels) and personal familiarity
(Familiar vs. Other), and the face-N400 was sensitive to repetition. Adults with ASD did not show
significantly atypical processing of facial familiarity and repetition in an ERP paradigm, despite
showing significantly poorer performance than controls on a behavioral test of face memory. This
study found no evidence that early-stage facial identity processing is a primary contributor to the
face recognition deficit in high functioning ASD.
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Introduction
Autism is defined by impairments in the areas of social interaction and communication and
marked by the presence of a restricted repertoire of behavioral activities and interest. Although
not identified as a core phenotype of autism spectrum disorders (ASD), face processing and
recognition is thought to be a relative area of weakness for many individuals with ASD (for
review see Dawson, Webb, McPartland, 2005; Jemel et al., 2006; Webb, 2008). Briefly,
alterations in face processing in ASD may include: biases toward high spatial frequency
information in faces (e.g., Deruelle et al., 2004; de Jong et al., 2008); reduced configural
processing of faces (e.g., Faja et al., 2009; Teunisse and de Gelder, 2003); alternative patterns
of attention to features within the face such as atypical or reduced eye attention (e.g., Langdell,
1978; Klin et al., 2002; Pelphrey et al., 2002; Sterling et al., 2008b); and differential patterns
of responses to familiar vs. unfamiliar faces (Pierce et al., 2004; Pierce and Redcay, 2008).
Although disruptions in the early processing of facial identity could contribute to face
recognition deficits in ASD, few studies have examined this question. This paper uses
electroencephalography (EEG) to explore the neural correlates of face identity processing in
individuals with ASD relative to typical controls, in relation to behavioral measures of face
memory, cognitive functioning, and symptom levels.

Early Stage Processing of Faces
Models of early-stage face processing have differentiated between face detection, involving
the characterization of first-order facial structure, and face identification, which involves
processing facial features and their second-order spatial relations (Bruce and Young, 1986;
Maurer et al., 2002). One way to characterize these stages of face processing is to examine
event-related potentials derived from electroencephalography, as specific waveform
components have been associated with different stages of face processing.

Face detection has been associated with the N170, a posterior temporal component that peaks
between 130 and 190 ms to face stimuli (Bentin et al., 1996). This component typically
responds to faces on a categorical but not individual level or based on familiarity (e.g., Eimer,
2000; Herzmann et al., 2004; Tanaka et al., 2006; but see Caharel et al., 2005; Jemel et al., in
press). Several studies have examined the N170 response to novel faces in individuals with
ASD. Early work found that the N170 to faces was slowed in adolescents and adults with ASD
(McPartland et al., 2004; O’Connor et al., 2007), suggesting differences in the structural phase
of face processing that may be correlated with face recognition skills (McPartland et al.,
2004). More recent work has suggested that latency differences are not observed when attention
is directed to the eye region, although subtle atypicalities in holistic or configural processing
(a reduced inversion effect) may remain (Webb et al., in press).

Identity Processing
Identity processing has been most consistently associated with the N250 and face-N400
components in typical adults. These components are negative going deflections over posterior-
temporal electrodes measured between 200–300 ms and 300–500 ms after stimulus onset,
respectively. Both components appear to be modulated by pre-experiment facial familiarity
(Jemel et al., in press; Pickering et al., 2002; Schweinberger et al., 1995; Schweinberger et al.,
2002b), face learning (Kaufmann et al., 2009; Tanaka et al., 2006), and face repetition
(Begleiter et al., 1995; Eimer, 2000; Herzmann et al., 2004; Itier and Taylor, 2004;
Schweinberger et al., 1995) suggesting that they are involved in processing facial identity.
More recently, Jemel et al. (in press) found both the N170 and N250 amplitude signaled overt
face recognition with later components such as the face-N400 increased in amplitude
approaching overt recognition, suggesting that the face-N400 reflects the automatic activation
of the face representation system without necessitating conscious recognition.
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Modulation of the P2 has also been associated with mnemonic processing of faces. The P2 is
a positive component immediately following the N170 that is thought to reflect feedback-
driven reactivation of primary visual areas (Kotsoni et al., 2007). Modulation of the P2 has
been found to be related to: feature detection and encoding (Itier and Taylor, 2002; Luck and
Hillyard, 2004), perceptual expertise (Stahl et al., 2008; Wiese et al., 2008), short term memory
(e.g., Taylor et al., 1990), subsequent recognition and recall (Garrett-Peters et al., 1994; Halit
et al., 2000; Smith, 1993), pre-experimental familiarity (Caharel et al., 2002), and repetition
(van Strien et al., 2009). It has been suggested that the P2 response to a face may reflect the
degree to which continued configural processing is required for recognition (Caharel et al.,
2002; Latinus and Taylor, 2006). The modulation of the P2, N250 and face-N400 by familiarity
and repetition has not been examined in adults with ASD.

One previous study provides evidence that the neural correlates of identity processing may be
atypical in young children with ASD. In a study with 3- to 4-year-old children, Dawson et al.
(2002) found that children with ASD did not show differentiation between their mother’s face
and an unfamiliar face over components that responded to identity in typical children and
children with developmental delay (the Nc, P400, and slow wave). Although the relation
between these components and the adult N250 and face-N400 is unclear, these findings suggest
that exploring the neural correlates of identity processing in adults with ASD is an important
avenue of investigation.

Current Paradigm
In this report, we presented adults with ASD and IQ and gender matched controls three types
of facial stimuli: a face that was a priori familiar (Familiar), a face that was repeated but initially
unfamiliar (Other; Tanaka et al., 2006), and novel non-repeated faces (Novels). Familiarity
was addressed by comparing the Familiar and Other stimuli, which differed on a priori
exposure but were similar on within paradigm repetition. A picture of a personally familiar
face was used because famous faces (often used with typical participants) may not have the
same meaning to adults with ASD and familiar faces may evoke more typical neural activity
in individuals with ASD (Pierce et al., 2004; Pierce and Redcay, 2008). Repetition was
addressed by comparing the Other and Novels, which were both unfamiliar at the start of the
paradigm but differed in repetition within the paradigm. High-density ERP responses were
recorded and comparisons between face types were made at the P1, N170, P2, N250, and face-
N400. We also explored whether any variables that differed between the groups were related
to symptom levels, language abilities, or behavioral measures of face recognition.

Materials and Methods
Participants

Two groups of adults participated in the study: 39 individuals with autism spectrum disorder
(ASD) and 38 controls (neuropsychiatrically healthy individuals). ASD participants all had
current clinical diagnoses of ASD and met research diagnostic standards for ASD based on the
Autism Diagnostic Observation Schedule-Western Psychological Services (ADOS-WPS;
Lord et al., 2002), Autism Diagnostic Interview social and communication domains (ADI-R-
WPS; Lord et al., 1994) and expert clinical diagnostic judgment based on DSM- IV criteria.
Exclusionary criteria for participants with ASD included diagnosis of Fragile X, seizures,
significant sensory or motor impairment, major physical abnormalities, serious head injury,
and use of anti-convulsant or barbiturate medications. Exclusionary criteria for control
participants included birth or developmental abnormalities, brain trauma, psychotropic
medication usage, a first degree relative with autism, significant sensory or motor impairment,
major physical abnormalities, or history of serious head injury. Some participants were
involved in a larger study on face processing and social skills, results of which are reported
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elsewhere (Bernier et al., 2007; Faja et al., 2008; 2009; Kleinhans et al., 2009; Murias et al.,
2007; Sterling et al., 2008a; 2008b; Webb et al., in press).

Twenty-nine individuals with ASD and 28 controls provided adequate artifact-free data. Of
this ASD group, 12 participants met DSM-IV criteria for Autistic Disorder, 2 met criteria for
Pervasive Developmental Disorder, Not Otherwise Specified, and 15 met criteria for
Asperger’s Disorder. Table 1 presents sample demographic and descriptive information,
including Wechsler IQ scores (Wechsler, 1997) for both groups.

Behavioral Tests
The Wechsler Memory Scale – Third Edition, Faces Subtest (Wechsler, 1997) was used to
assess immediate and delayed recognition memory for faces. Participants view 24 stimuli
presented each for 2 seconds. To test recall, immediately and after a 30 minute delay, the
participant is presented with 48 stimuli and the participant indicated if the stimulus was one
that he or she was asked to remember.

EEG Recording Procedure
Stimuli and procedure—Stimuli consisted of gray-scale digital images of faces presented
on a computer monitor with a grey background. All facial images were standardized so that
the center of the eyes was presented at the center of the screen; visual angle for the faces was
11° (height) by 7.6° (width). Stimuli were presented randomly in 3 blocks of 58 trials. Trials
came from four different stimulus categories: a repeating familiar face (Familiar, total trials =
50), a repeating unfamiliar face (Other, total trials = 50), non-repeating unfamiliar faces
(Novels, total trials = 50), and houses (Targets; total trials = 24). The familiar face was a neutral
picture of the participant’s family member or close friend (e.g., parent, roommate, or spouse).
The Other face was another participant’s family member or close friend. The Familiar face and
the Other face were matched on gender, ethnicity, age, similar hair styles, and general outline
of the head; however, internal facial features (e.g., eye shade) differed. The Novel faces were
50 unique faces reflecting regional ethnic and racial demographics and were 50% male, 50%
female.

To control for attention, participants were instructed to press a button to targets. Accuracy did
not differ between groups; individuals with ASD (M = 433.1 ms, SD = 66.9 ms) were
significantly quicker to identify targets than the control group (M = 479.6 ms, SD = 94.7 ms),
F (1,57) = 4.8, p < .05. This difference was primarily due to three outliers in the control group
who had responses times >2 SD from the mean. When these outliers were removed, significant
group differences were no longer observed (F (1,52) = 2.4, p = .13).

Data collection—EEG was recorded using a 128 channel Geodesic sensor net (Electrical
Geodesics Incorporated; Eugene OR); impedances were kept below 40 kΩ; amplification was
set at 1000×; filtering was done through a 0.1 Hz high-pass filter and a 200 Hz elliptical low-
pass filter; recording rate was 500 Hz; and the vertex electrode was used as a recording
reference. Trials consisting of a 500 millisecond baseline containing a visual fixation cross in
the middle of the screen, 300 millisecond stimulus presentation, and inter trial interval, which
varied randomly between 1000 and 1300 milliseconds.

Data editing and analysis—Trials were processed using Net Station 3.0 Waveform Tools
(Electrical Geodesics, Eugene, OR). Post processing consisted of: (1) data were low-pass
filtered at 30 Hz; (2) channels were marked bad in each trial if the fast average amplitude
exceeded 100 µV, differential average amplitude exceeded 50 µV, or the channel had zero
variance; (3) electrodes for which more than 20% of trials were rejected by artifact were
replaced using an algorithm that derived values from the neighboring sites by spline

Webb et al. Page 4

Int J Psychophysiol. Author manuscript; available in PMC 2011 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



interpolation; (4) trials were marked bad if they contained more than 10 bad channels; (5) trials
with eye movement artifacts were excluded; (6) data were averaged for each stimulus type and
were re-referenced to an average reference. Peak values that could not be verified by visual
inspection from leads that contributed to the P1 and N170 were removed from the analysis.

Electrodes of interest were selected based on review of the literature and examination of grand
averages and individual participant data. Four regions of interest (ROIs) were selected
(henceforth referred to as Webb ROIs): (a) posterior lateral left (leads 58, 59, 64, and 65), (b)
posterior lateral right (leads 97, 92, 96, and 91), (c) posterior medial left (leads 66, 70, 71, and
72), (d) posterior medial right (leads 85, 90, 84, and 77). For the N170 (120 to 180 msec after
stimulus onset) and P1 (60 to 130 msec), the latency and amplitude of peaks occurring in the
chosen time windows were extracted and visually verified by the authors (KM, SW). For the
P2 (180 to 230 msec), N250a (200 to 250 ms), N250b (250 to 300 msec), face-N400a (300 to
350msec) and face-N400b (350 to 400 msec), the mean amplitude across a chosen time window
was extracted. Amplitudes and latencies were averaged across the specified electrode regions
for each participant. To compare our findings to previous reports of the N250, we examined
two other topographical analyses: the averaged ROIs selected by Tanaka et al. (2006)
(henceforth ‘Tanaka ROIs’: left ROI: 57, 58, 63, 64, 65, 69, 70; right ROI: 101, 97, 100, 96,
91, 95, 90); and individual electrodes corresponding to the 10–20 system (henceforth ‘10/20
ROIs’: T7/46, T8/109, P7/59, P8/92, TP9/57, TP10/101, P9/58, and P10/97) as utilized by
Schweinberger et al. (2002a, 2002b) and Itier and Taylor (2004). See Figure 1.

For each component of interest, the Topography section reports main effects of region,
hemisphere or group examined through a Diagnostic Group (ASD/Control) by Face Type
(Familiar/Other/Novels), by electrode topography (Region by hemisphere for Webb ROIs;
Hemisphere for Tanaka ROIs; or Hemisphere by Lead for 10/20 ROIs) repeated measures
analysis of variance (RM ANOVA). Subsequently, the Familiarity Effects and Repetition
Effects sections report effects involving Face Type examined through Diagnostic Group (ASD/
Control) by Face Type (For Familiarity effects: Familiar/Other; for Repetition effects, Other/
Novels), by electrode topography (Region by hemisphere for Webb ROIs; Hemisphere for
Tanaka ROIs; or Hemisphere by Lead for 10/20 ROIs) RM ANOVAs. The Greenhouse-Geisser
correction was employed and Fisher’s Least Significant Differences was used for follow up
tests in cases where interactions reached significance in the initial RM ANOVAs. Only effects
that reached significance are reported in full. For analyses in which within-subject effects did
not significantly interact with Diagnostic Group, this is stated in the text. Of note, this indicates
that any effects of Region, Hemisphere and/or Face Type that were observed in those analyses
did not significantly differ between the groups.

Of note, we also examined whether subtle group differences in the familiarity and repetition
effects could have been masked by averaging across the electrodes included in the Webb ROIs
by running a Face Type (Familiar vs. Other/Other vs. Novels) by Group RM ANOVA for P1
and N170 amplitude and latency, P2 mean amplitude, N250a and b mean amplitude, and face-
N400a and b mean amplitude at each individual electrode included in the Webb ROIs; the
pattern of findings did not reveal any additional group differences, and so are not further
reported.

Results
Behavioral results

As we have previously reported, participants with ASD scored significantly lower on both the
WMS Face Memory Subtest Immediate (WMS-Imm; ASD M = 7.6 SD 2.4) and Delay (WMS-
Delay; ASD M = 7.9 SD 2.2) than Controls (WMS-Imm: M = 10.1 SD 2.3; WMS-Delay: M =
9.4 SD 2.2); Fs(1,55) > 6.2, ps < 0.05 (see Webb et al., in press).
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ERP analyses
P1 (Webb ROIs) Topography—P1 amplitude was more positive in the right versus left
hemisphere (F(1,53) = 8.7, p < 0.01), and at medial versus lateral leads (F(1,53) = 21.1, p <
0.01). These effects were qualified by a region by hemisphere interaction (F(1,53) = 4.7, p <
0.05), deriving from slightly more right-lateralized responses over lateral than medial regions
(see Figure 2a/d). P1 latency did not differ by hemisphere or region (ps > 0.05). These effects
did not differ by group (ps > 0.05).

P1 (Webb ROIs) Familiarity and Repetition effects—There were no significant effects
of Face Type on P1 amplitude or latency (ps > 0.05).

N170 (Webb ROIs). Topography—N170 amplitude was more negative in the right than
left (F(1,54) = 19.8, p < 0.01), and at lateral versus medial leads, (F(1,54) = 10.3, p < 0.01;
Figure 2). For N170 latency, there was a significant region by group interaction (F(1,54) =
5.52, p < 0.05). Follow-up tests were inconclusive but suggested that the N170 peaked around
2 ms earlier laterally versus medially for the ASD group (F(1,27) = 3.5, p = 0.07), but showed
no regional variation in the control group (F(1,27) < 1.5, p > 0.3).

N170 (Webb ROIs) Familiarity effects—N170 amplitude was not modulated by Face
Type, as seen in Figure 2. N170 mean latency was 2 ms faster to the Other than the Familiar
(F(1,54) = 5.6, p < 0.05); this did not differ by group (ps > 0.05).

N170 (Webb ROIs) Repetition effects—N170 amplitude was not modulated by Face
Type, as seen in Figure 2; N170 mean latency was 1.5 ms faster to the Other than the Novels
(F(1,54) = 8.1, p < 0.01); this did not differ by group (ps > 0.05).

P2 (Webb ROIs) Topography—P2 amplitude was more positive at medial versus lateral
electrodes (F(2,55) = 5.9, p < 0.01); this did not differ by group (ps > 0.05; Figure 2).

P2 (Webb ROIs) Familiarity effect—Average amplitude for Other was more positive than
the Familiar, F(1,55) = 16.3, p < 0.001; Figure 3a); this was qualified by an interaction between
Face Type, Hemisphere, and Group (F(1,55) = 3.1, p < 0.05) such that the Familiar vs. Other
difference was found in both hemispheres for the Controls (Fs(1,27) > 7.0, ps <0.05), but only
in the right hemisphere for the ASD group (LH: F(1,28) = 1.9, p = 0.18; RH: F(1,28) = 8.6,
p < 0.01; see Figure 4a).

P2 (Webb ROIs) Repetition effect—Average amplitude to Other was more positive than
to Novels, (F(1,55) = 8.3, p < 0.01; Figure 3a). This was qualified by an interaction between
Face Type, Hemisphere and Group (F(1,55) = 2.8, p < 0.05; Figure 5a) such that the Other vs.
Novels difference was found over the left hemisphere for Controls (LH: F(1,27) = 6.1, p <
0.05; RH: F(1,27) = 2.8, p = 0.11), but in the right hemisphere for the ASD group (RH: F(1,28)
= 8.4, p < 0.01; LH: F(1,28) = 0.7, p = 0.43).

N250 (Webb, Tanaka and 10/20 ROIs) Topography—The N250 from 200 to 250 msec
(N250a) and 250 to 300 msec (N250b) average amplitude to all Face Types, regardless of ROI,
was more negative-going for the ASD group than the control group (Fs(1,55) > 4.6, ps < .05;
Figure 3b/c). There were also main effects of region (Fs(1,54) > 10, p < 0.001) and electrode
(Fs(3,54) > 10, p < 0.001) in the Webb and 10/20 ROI analyses respectively: N250a and b
amplitude was more negative-going over posterior lateral than posterior medial regions, and
more negative-going over temporal than posterior lateral electrodes (see Figure 2). This was
qualified by a significant Lead by Group interaction over the 10/20 ROI for the N250b only
(F(3,165) = 3.5, p < 0.05); follow-up analyses confirmed that the more negative-going response
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for ASD versus controls was not apparent at T7/T8 (p > 0.1) but was apparent at all other sites
(p < 0.05).

N250 (Webb, Tanaka and 10/20 ROIs) Familiarity effect—As seen in the grey shaded
area in Figure 2 and the bar graphs in Figures 3b and c, the average amplitude to the Familiar
over N250a and N250b was more negative-going than the amplitude to the Other, regardless
of ROI (Fs(1,55) > 15.2, ps < 0.001). These effects were qualified by a Face Type by Region
effect in the Webb ROI analysis (Fs(1,54) > 4, p < 0.05), and a Face Type by Lead interaction
in the 10/20 ROI analysis (Fs(1,162) > 80, p < 0.001), such that the Familiar vs. Other difference
was larger over lateral posterior versus medial posterior ROIs, not apparent at T7/T8 (p > 0.1),
but was apparent at all other 10–20 electrode sites (ps < 0.05). Finally, there was a Group by
Face Type by Hemisphere interaction in the Webb ROI analysis (Fs(1,54) >7, p <0.01); the
Familiar vs. Other difference for both the N250a and b was present over both hemispheres for
both groups (Fs > 5, ps < 0.05; Figures 4b and c) but was significantly right-lateralized in the
ASD group (Fs(1,27) > 7, p < 0.01).

N250 (Webb, Tanaka and 10/20 ROIs) Repetition effect—As seen in the grey shaded
area in Figure 2 and the bar graphs in Figure 3b and c, the average amplitude to the Novels
was more negative-going than the amplitude to the Other across all ROIs (N250a: Fs(1,55) >
7.1, ps < 0.01; N250b: Fs(1,55) > 34.1, ps < 0.001); this effect did not differ by group (ps >
0.05). No other effects reached significance.

Face-N400 (Webb ROIs). Topography—The face-N400 from 300 to 350 ms (face-
N400a) and 350 to 400 ms (face-N400b) was more negative-going in the lateral versus medial
Webb ROIs (Fs(1,54) > 8.0, ps < 0.01); this topography did not differ by group (see Figure 2).
For the face-N400b only, amplitude was more negative-going over the left than right
hemisphere (F(1,54) = 4.7, p < 0.05). This was qualified by a Region by Hemisphere
interaction, such that the lateralization of the face-N400b was more pronounced over lateral
regions (F(1,54) = 5.2, p <0.05).

Face-N400 (Webb ROIs) Familiarity effect—Response to the Familiar and Other did not
differ over either time window (Fs(1,57) < 2.5, ps > 0.1; Figure 3). There was a significant
Face Type by Region interaction (Fs(1,54) > 7.0, ps < 0.01): amplitude was more negative-
going over lateral vs. medial regions and this was more pronounced for Familiar than Other.
There were also significant interactions between Face Type and Hemisphere for the face-
N400b only (F(1,54) = 4.2, p < 0.05), such that the response to Other was more negative-going
over the left than the right hemisphere (F(1,54) = 14.2, p < 0.001), but responses to familiar
were bilateral (F(1,54) = 1.2, p = 0.3). As well, there was a significant interaction between
Face Type, Hemisphere and Group for the face-N400a only (F(1,54) = 5.5, p < 0.05; Figure
4d; Figure 4e shows the N400b for comparison): the Familiar and Other stimuli produced more
differentiable responses over the right hemisphere than the left hemisphere for the ASD group
(F(1,54) = 4.5, p < 0.05) but not the Controls (F(1,54) = 2.7, p = 0.1).

Face-N400 (Webb ROIs) Repetition effect—Response to the Novels was significantly
more negative-going than response to the Other (Fs(1,55) > 10, ps < 0.001; Figure 3d/e). This
was qualified by a Face Type by Hemisphere interaction (Fs(1,55) > 4, ps < 0.05); the Other
vs. Novels difference was greater over the right than the left hemisphere (Figure 5d).

Correlations—We examined correlations between face memory (WMS-Imm and WMS-
Delay), language skills (verbal IQ) and symptom levels, with the mean amplitude of the N250
(Webb ROIs), and lateralization of the N250 and face-N400 familiarity effects (Familiar minus
Other; Webb ROIs) and the P2 familiarity and repetition effects (Other minus Novels; Webb
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ROIs) in the ASD group only. These variables were selected because they differed between
the groups. Of note, N250 and N400 amplitudes were averaged across a and b windows to
reduce the number of comparisons.

As displayed in Figure 6a, more negative-going N250 amplitude (collapsed across lead groups)
correlated with greater verbal IQ in all three conditions (Other, r(29) =-0.41, p = 0.01; Novel,
r(29) = −0.43, p < 0.05; and Familiar faces, r(28) = −0.43, p < 0.05), and correlated with lower
scores (fewer symptoms) on the social subdomain of the ADOS for the Familiar and Other
categories only (Familiar: r (28) = 0.42, p < 0.05; Other: r(29) = 0.52, p < 0.01; Novel: r (29)
= 0.3, p = 0.17; Figure 6b); there were no significant correlations with the communication
subdomain (rs < 0.1, p < 0.6). As displayed in Figure 6c, greater right-lateralization of the
N250 familiarity effect (Familiar minus Other) correlated with lower ADOS total scores (r
(28) = 0.43, p < 0.05); this correlation was significant for the communication subdomain (r
(28) = 0.42, p < 0.05) and marginally significant for the social subdomain (r(28) =0.34, p =
0.08). Finally, as displayed in Figure 6d, greater right-lateralization of the P2 familiarity effect
correlated with lower ADOS total scores (r(28) = −0.40, p < 0.05); this was marginally
significant for the two subdomains (Social: r(29) = −0.35, p = 0.06; Communication: r(29) =
−0.32, p = 0.1). No significant correlations were found for the lateralization of the P2 repetition
effect or the face-N400 familiarity effect.

Discussion
This study examined ERP responses to facial familiarity and repetition in individuals with ASD
and matched controls. No group differences on early ERP correlates of attention and structural
face processing (the P1 and N170; Figure 2) were found in this paradigm, suggesting that the
P1 and N170 responses to upright faces in adults with ASD can resemble those seen in controls;
this was also found with the same participants tested in a paradigm in which upright and
inverted faces and houses were presented (Webb et al., in press). Further, both groups
demonstrated modulation of posterior ERP components by pre-experimental familiarity and
within-experiment repetition of facial stimuli, showing no evidence of atypicality in the neural
correlates of identity processing in ASD. However, there were subtle differences in the P2 and
N250 that suggest that identity processing may be achieved by the recruitment of additional
compensatory processes or regions in the ASD group.

N170 and P1 responses to faces
Of note, two smaller previous studies (McPartland et al., 2004; O’Connor et al., 2007) have
observed slower N170 responses to faces in individuals with ASD relative to control groups.
Given that roughly double the number of participants were involved in the present study and
Webb et al. (in press), the absence is unlikely to reflect a power issue. As discussed at length
in Webb et al. (in press), procedural variations such as the use of a cross-hair to direct attention
during recording, or the use of a low-working memory demand task administered during the
ERP (a button press to each target, rather than a target count) could account for the more
‘typical’ P1 and N170 response. Heterogeneity across the ASD groups included in the studies
is also likely important, as there is likely substantial variation in face processing abilities
between individuals with ASD (for review see Jemel et al., 2006). Further work is required to
delineate the circumstances under which individuals with ASD do and do not show atypicalities
in the early neural correlates of face processing, which may provide increased insight into the
nature and operation of these systems in ASD.

Modulation of ERP components by familiarity
The repeated familiar face (Familiar), in comparison to the repeated unfamiliar face (Other)
was associated with ERP responses that were (1) less positive in amplitude at the P2 at right
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ROIs in the ASD group and bilaterally for the Control group; (2) more negative-going in
amplitude at the N250; and (3) equivalent in amplitude for both groups at the face-N400. To
better understand this pattern, we will first examine each component.

In the context of this experiment, a more positive P2 response was found to the Other than
Familiar. This is consistent with the findings of Caharel et al. (2002), who also found a more
positive P2 to an a priori unfamiliar repeated face than to an a priori familiar repeated face (the
subject’s face or a politician’s face). Given that the Familiar stimulus was highly familiar and
easily identified, greater P2 amplitude to the Other face may represent the process of continued
configural processing for the purposes of identification (Caharel et al., 2002; Latinus and
Taylor, 2006). Alternatively, the increased P2 amplitude to the Other face may reflect the
greater disparity between feedback from currently stored representations and input processing
in the case of the newly learned Other face relatively to the welllearned Familiar face (Kotsoni
et al., 2007).

Similarly, a priori familiarity increased the negativity of the N250 in both groups, with the
Familiar face producing more negative-going responses than the Other face. This is consistent
with previous work with typical adults (e.g., Tanaka et al., 2006), wherein the response to the
subject’s own face was more negative-going than to the Other face (repeated unfamiliar face).
Similarly, the N250 has been found to be more negative-going for familiar famous faces relative
to unfamiliar faces (Begleiter et al., 1995; Pfutze et al., 2002; Schweinberger et al., 1995).
Schweinberger et al. (2002b) localized the N250 to the anterior ventral temporal lobe,
corresponding to the fusiform gyrus. Given Pierce and colleagues findings of normalized
fusiform activation during perception of personally familiar individuals in ASD (Pierce et al.,
2004; Pierce and Redcay, 2008), the apparently normal N250 response in individuals with ASD
in this report may be the electrophysiological correlate of this activity.

The face-N400 did not differentiate between the Familiar or Other faces in either group.
Although uniquely presented familiar faces typically elicit a more negative-going face-N400
than uniquely presented unfamiliar faces (Bentin and Deouell, 2000; Eimer, 2000; Jemel et al.,
2005), evidence suggests this is not necessarily the case when faces are repeated. For example,
Eimer (2000) observed that the difference in face-N400 response to pre-experimentally familiar
(famous) and unfamiliar faces decreases with multiple repetitions (also see Barrett et al.,
1988; Bentin and Deouell, 2000; Jemel, Calabria et al., 2003). Further, Paller et al. (2000)
found that ERP responses to repeated named and unnamed faces did not differ across posterior
regions around the face-N400 time window, and graphs presented by Caharel et al. (2002)
indicate no differences in the posterior waveform in the face-N400 window between a repeated
familiar face (self or politician) and a repeated unfamiliar face. Given the inclusion of the
category of Novels in the present paradigm, it may also be that over the course of the 50
repetitions of Familiar and Other, any differences in a priori familiarity were reduced in
comparison to the consistent uniqueness of the Novels.

Of note, familiarity did not modulate the amplitude of the P1 or N170 in the present study.
This is consistent with the findings of a number of studies (e.g., Eimer, 2000; Herzmann et al.,
2004; Tanaka et al., 2006). However, it is important to note that familiarity has been observed
to affect the amplitude of the N170 under a range of experimental conditions, such as when a
progression of decreasingly degraded famous faces are sequentially presented (Jemel et al., in
press), when comparing own face or a politician’s face to a repeated unfamiliar face (Caharel
et al., 2002); or when making expression or identity judgments during the task (Caharel et al.,
2005). Further, since only one face was used in the Familiar and Other conditions in the present
study, low-level stimulus differences could have influenced the P1 and N170 responses and
thus confounded any effects of personal familiarity. This limitation of the present paradigm
could also account for the slightly shorter latency of the N170 to the Other face relative to the
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Familiar face. Using multiple stimuli per condition may be a more effective route to identifying
effects of familiarity on the N170 response to faces; however, finding multiple individuals with
which an individual with ASD is sufficiently familiar is a difficult task, and it may be impossible
to match the level of familiarity across ASD and control groups.

In summary, both adults with ASD and typical controls registered information about the
identity of a personally familiar face within 230 ms of stimulus presentation in the present
paradigm, in accordance with evidence of apparently typical familiar face processing in ASD
from fMRI (Pierce et al., 2004; Pierce and Redcay, 2008) and behavioral paradigms (Wilson
et al., 2007).

Modulation of ERP components by repetition
While the Familiar and Other differed on a priori familiarity, the Other and Novels differed on
repetition. The repeated unfamiliar face (Other), in comparison to the trial-unique unfamiliar
faces (Novels) was associated with ERP responses that were (1) faster in latency at the N170
in both groups; (2) more positive in amplitude at the P2 over the left hemisphere for controls
and the right hemisphere for the ASD group; (3) less negative-going in amplitude at the N250
for both groups; and (4) less negative-going in amplitude at the face-N400, with more
pronounced effects over the right hemisphere for both groups.

Repetition decreased the latency of the response to the Other in comparison to the Novels (and
the Familiar) at the N170. This latency “benefit” to the repeated unfamiliar face was, on
average, very small with significant variability across subjects (M = 2 msec, SD 7). Although
the majority of reports have not observed differentiation over this component, two other reports
have made similar observations (Itier and Taylor, 2004; Pfutze et al., 2002). Thus, it is possible
that both familiarity and repetition subtly influence the speed at which the structural properties
of a face can be processed and extracted in individuals with ASD as well as controls, although
the disparities in the literature suggest this may be a task-dependent finding. It is also important
to note that the greater perceptual variability included in the Novels category relative to the
Other category could also have influenced the N170 component (Thierry, Martin, Downing
and Pegna, 2007).

Repetition broadly increased the positivity of the P2, an effect also observed in typical controls
by van Strien et al. (2009). The P2 may reflect re-activation of primary and secondary visual
areas arising through visual cortical feedback (Kotsoni et al., 2006; Kotsoni et al., 2007), and
effects of repetition may thus arise from feedback effects of stored partial face representations
constructed for the Other face during the course of the experiment.

Repetition of the unfamiliar face also decreased the negativity of the N250; that is, the N250
response to the Other was less negative-going than the response to the Novels. This is consistent
with the finding of decreased negativity of the N250 over multiple task-irrelevant repetitions
of an unfamiliar face (Paller et al., 2000), and evidence from a recent MEG study that posterior
temporal activity around 220 to 250 ms was reduced with repetition of unfamiliar neutral faces
(Ishai et al., 2006). However, this is not consistent with reports that repetitions of the same face
compared to novel faces have been found to generate a more negative-going N250, albeit
greater for repetition of familiar than unfamiliar faces (e.g., Begleiter et al., 1995; Eimer,
2000; Herzmann et al., 2004; Itier and Taylor, 2004; Schweinberger et al., 1995, 2002b; 2005).
Possibly, effects of repetition on the N250 are modulated by whether the mnemonic status of
the face is a task-relevant dimension (as in Itier and Taylor, 2004; Schweinberger et al.,
2002b). Indeed, in Tanaka et al. (2006), the Other face (a repeated familiarized non-target face)
also did not generate a more negative-going N250 in comparison to a repeated familiarized
target face (Joe/Jane; see also Trenner et al., 2004).
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Increased positivity of the P2, N250 and face-N400 components was seen in both the control
group and in individuals with ASD, who therefore showed evidence of apparently typical
habituation of early neural responses to a repeated face, not significantly differing from controls
in learning about the Other face. However, it is important to note that brain regions that are not
well represented in ERP components (e.g., the amygdala) may not habituate at the same rate
to facial stimuli in this group of individuals with ASD (Kleinhans et al., 2009).

Evidence for compensatory recruitment in ASD?
Whilst overall responses were very similar in the two groups, there were subtle differences in
the magnitude and topography of responses that may suggest the rapid engagement of
compensatory strategies for face processing in the ASD group. First, the mean amplitude of
the N250 was more negative-going in all experimental conditions for the ASD group than the
TYP group (Figure 3b and c), and more negative-going amplitude correlated with better verbal
skills in the ASD group (Figure 6c). Notably, typical adults who are trained to individuate faces
from an unfamiliar category by associating each face with a letter show increases in the
negativity of the N250 (Tanaka, 2009). It is possible that individuals with ASD with better
language skills have a greater tendency to use language skills to scaffold face learning, resulting
in recruitment of compensatory regions that contribute to identity processing. Indeed,
examination of this relation in the control group revealed no significant relation between N250
amplitude and verbal IQ for any condition (rs < 0.2, ps > 0.4). Presumably, typical adults would
not need to scaffold face processing with verbal skill, relying on more face-specific
mechanisms. Since other studies have also observed differential relations in ASD and control
groups (e.g., McPartland et al., 2004; Webb et al. in press), contrasting ERP-behavior relations
across a battery of tasks between ASD and control groups using statistical techniques such as
structural equation modeling (e.g., Herzmann et al, 2010) may be an important avenue for
future work.

Second, the effects of repetition (Other minus Novels) and familiarity (Familiar minus Other)
on the P2 were only observed over the right hemisphere for the ASD group, whilst being
bilateral (familiarity) or left-lateralized (repetition) in the controls (Figure 4a and Figure 5a).
Notably, this indicates that the familiarity effect emerged later in the left-hemisphere for
individuals with ASD (in the 200 to 250 ms window) relative to controls (the 180 to 230ms
window). Greater right-lateralization of the P2 familiarity effect was associated with fewer
social and communication symptoms on the ADOS in the ASD group (Figure 6d). We also
observed greater right-lateralization of the N250 familiarity effect (Familiar minus Other) in
the ASD group (Figure 4b and c); this lateralization was also associated with fewer social and
communication symptoms (Figure 6c). Similarly, using fMRI, children and adults with ASD
show right-lateralization of the familiarity effect in the fusiform gyrus (Pierce et al., 2004;
Pierce and Redcay, 2008). Since the right hemisphere has been associated with holistic/
configural processing, individuals with better social and communication skills may be
relatively more able to engage configural processes when viewing a highly familiar face than
individuals with poorer social skills. Notably, more typical modulation of configural processing
(measured with the N170 inversion effect) was related to higher social skills in this group of
adults with ASD (Webb et al., in press). If these findings are replicable, it would suggest that
adults with ASD could be trained to alter the early neural correlates of facial identity processing
by learning to individuate faces and by learning to pay attention to configural information. We
are currently exploring whether this is the case, and whether any resultant ERP changes would
be associated with changes in performance on behavioral tests of memory.

Relation between ERP and behavioral measures of face identity
In the present study, the same group of individuals with ASD did not show significantly atypical
neural correlates of facial identity, whilst displaying poor performance on several behavioral
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measures of face memory, and identity-related ERPs were not correlated with behavioral
measures of face recognition performance. What can account for this apparent disparity?
Possibly, task differences play a role – whilst a cross-hair directed attention to the eye region
in the ERP paradigm, attention was self-directed in the behavioral test. Unusual processing
styles may contribute to face recognition deficits in a less constrained context, such as atypical
or reduced eye attention (e.g., Langdell, 1978; Klin et al., 2002; Pelphrey et al., 2002; Sterling
et al., 2008b). Further, impairments in configural or holistic processing (e.g., Faja et al.,
2009; Teunisse and de Gelder, 2003) may contribute to poor behavioral face recognition, but
may only be apparent in ERP measures when specifically examined, such as in a face inversion
task (e.g., Webb et al., in press). Finally, the present ERP task may not have sufficiently taxed
face learning or recognition: individuals were presented with only one familiar and one
unfamiliar face, repeated 50 times (for a cumulative exposure time of 15 seconds), in contrast
to the 24 faces presented only once for a 2 second duration in the WMS face memory scale.
Notably, increased attention to internal versus external features facilitates unfamiliar face
discrimination after 2 seconds but not 6 seconds of exposure for typical adults (Fletcher et al.,
2008); the effects of subtle differences in processing style may have ‘washed out’ over the
repeated stimulus presentations used in the present paradigm.

Clinical Implications
Although limited to adults with high-functioning ASD, the present study has potential clinical
implications. The indication that atypicalities in the neural correlates of early-stage face
processing assessed via ERPs are not a primary contributor to the face recognition deficit in
high-functioning adults with ASD raises the possibility that more domain-general processes
such as attention, memory span or encoding speed are the source of face recognition
impairments in this group. Indeed, in the present group of adults with ASD there were also
significant impairments in measures of house and object recognition memory, in addition to
measures of face recognition (Webb et al., in press). Possibly, providing training on domain-
general skills like attention may facilitate both face and object recognition for some individuals
with ASD. The results also provide some suggestion that high-functioning adults with ASD
may have developed compensatory strategies for face identity processing. Although the effects
reported require replication before strong conclusions can be drawn, identifying the nature of
these compensatory strategies may facilitate the development of face training programs for
individuals with ASD. For example, if verbal skills enable adults with ASD to scaffold face
learning, early intervention programs that significantly improve language development (e.g.,
Dawson et al., 2010) may have the additional benefit of improving facial identity processing.

Conclusion
Taken together, this pattern of results provides further evidence that early neural responses to
faces measured over posterior regions can be apparently typical in individuals with ASD, when
tested with simple paradigms (Webb et al., in press). Since behavioral measures revealed
atypical face recognition in the ASD group, and there were no correlations between behavioral
and ERP measures of face memory, the present study found no evidence that atypicalities in
the neural correlates of early-stage face processing assessed via ERPs are a primary contributor
to the face recognition deficit in ASD. Possibly, the WMS is difficult because individuals have
to remember 24 faces that are presented once, whereas the ERP paradigm in the present study
required individuals to remember one highly familiar face, and learn about one face that was
repeated multiple times. Using an ERP paradigm with a greater memory load may reveal
differences in the speed of face learning that could contribute to face recognition deficits on
behavioral measures. Further work would be required to examine these possibilities. However,
future conceptualizations of the “face processing” deficit in individuals with ASD may also
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need to take into consideration the potential that this system becomes more typical in high
functioning adults.
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Figure 1.
GSN 128 sensor layout. 10/20 ROI electrodes are labeled by text. Webb ROIs include the
medial right and left (black boxes) and lateral right and left (grey boxes) posterior electrodes.
Tanaka leads are represented by grey filled posterior electrodes.

Webb et al. Page 17

Int J Psychophysiol. Author manuscript; available in PMC 2011 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Grand average waveform across Webb ROIs for ASD (top) and Controls (bottom), (a) mean
across left lateral electrode groups with the N250 shaded in light grey and the face-N400 shaded
in dark grey; (b) mean across left medial electrode groups; (c) mean across right medial
electrode groups; (d) ASD (top) and Controls (bottom), mean across right lateral electrode
groups;
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Figure 3.
Mean amplitude of the (a) P2, (b) N250a, (c) N250b, (d) face-N400a, and (e) face-N400b for
Familiar, Other (repeated unfamiliar face) and Novels by group collapsed across lead and
hemisphere for the Webb ROIs.
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Figure 4.
Topography of the Familiarity effect (Familiar minus Other), showing on the left a
topographical amplitude plot for the ERP difference wave (red is positive amplitude and blue
is negative amplitude) and on the right the mean amplitude of the difference over left and right
Webb ROIs, collapsed across lead for: (a) the P2, (b) N250a, (c) N250b, (d) face-N400a, and
(e) face-N400b. An asterix over a bar indicates a significant difference between responses to
Familiar and Other; an ampersand (&) between two bars indicates a significant difference in
the Familiarity effect across hemispheres (all p < 0.05).
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Figure 5.
Topography of the Repetition effect (Other minus Novels), showing on the left a topographical
amplitude plot for the ERP difference wave (red is positive amplitude and blue is negative
amplitude) and on the right the mean amplitude of the difference over left and right Webb
ROIs, collapsed across lead for: (a) the P2, (b) N250a, (c) N250b, (d) face-N400a, and (e) face-
N400b. An asterix over an individual bar indicates a significant difference between responses
to Other and Novel; an ampersand (&) indicates a main effect of Repetition across both groups
and hemispheres (all p < 0.05).
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Figure 6.
Relations between behavior and ERP responses to faces over Webb ROIs in the ASD group:
(a) More negative-going N250 amplitude correlates with higher verbal IQ for Familiar, Other
(repeated unfamiliar face) and Novels, and with (b) lower ADOS total scores (fewer symptoms)
for Familiar and Other only; (c) Greater right-lateralization of the N250 Familiarity effect
(Familiar minus Other) correlates with lower total ADOS scores, and (d) Greater right-
lateralization of the P2 Familiarity effect correlates with lower total ADOS scores. Of note,
the N250 was averaged across both a and b time windows for the correlation analyses.
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