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ARTICLE INFO ABSTRACT

In the present study, we investigated face processing in individuals with self-reported Autism Spectrum Disorder
(ASD, n = 16) and typically developing control participants (n = 16) using behavioural and electrophysiological
measures. As a measure of their face memory, we administered the Cambridge Face Memory Test to participants
in the ASD group. The results showed that the scores of the ASD participants were reliably below the age- and
gender-matched norms of neurotypical individuals. To measure brain responses to faces, we used the fast per-
iodic visual stimulation method, presenting photographs of a same-identity face (i.e., base face) at a constant
frequency of 6 Hz (F) interleaved with different-identity faces (i.e., the oddball faces) presented at 1.2 Hz. The
6 Hz presentation of the base face and 1.2 Hz presentation of the oddball face elicited periodic brain responses
corresponding to face detection and face individuation processes, respectively. Participants viewed four blocks of
upright faces and four blocks of inverted faces. The results showed an enhanced EEG response to upright base
faces at 6 Hz frequency and its harmonics compared to inverted faces, and the response was most focal over
medial occipital channels. An enhanced response was found to upright oddball faces at 1.2 Hz and its harmonics
compared to the inverted faces, and the response was centred over occipito-temporal channels in the right
hemisphere. Critically, no differences or interactions were found between the ASD and typically developing
groups in the responses to either the 6 Hz base faces or the 1.2 oddball faces. These results suggest that in
individuals with ASD, the earlier stage of face perception, as measured by the fast periodic visual stimulation
paradigm, can be dissociated from the later memory stage of face processing, as assessed by the Cambridge Face
Memory Test.
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1. Introduction

Most humans have remarkable face recognition abilities. Even
newborn infants can discriminate between different face identities
(Bushnell, 2001; Turati, Macchi Cassia, Simion, & Leo, 2006). These
face recognition skills are invaluable in day-to-day life. Identifying a
conversational partner can provide vital information about their past
behaviour and their relationship to one’s self, which might help one
predict their behaviour in the interaction. However, if one fails to
quickly identify another person, one might be forced to devote cogni-
tive resources to the task of recognizing the individual instead of
focussing on the conversation itself. Such a diversion of mental re-
sources could be particularly problematic for individuals with prior
impairments in social skills, including people with Autism Spectrum
Disorder (ASD).

1.1. Autism and behavioural measures of face processing

A growing body of evidence indicates that individuals with ASD
often have difficulty recognizing facial identities. Autism Spectrum
Disorder (ASD) is a neurodevelopmental difference characterized by
impairments in social interaction and communication and restricted
and repetitive patterns of behaviour, interests, or activities (American
Psychiatric Association, 2013). The Cambridge Face Memory Test
(CFMT, Duchaine & Nakayama, 2006) has been used to investigate face
recognition in individuals with ASD. Numerous studies using the CFMT
(or CFMT for Children where appropriate) have found that performance
was reduced in adults and children (Croydon, Pimperton, Ewing,
Duchaine, & Pellicano, 2014; Ewbank et al., 2017; Ewing, Pellicano, &
Rhodes, 2013; Hedley, Brewer, & Young, 2011; Kirchner, Hatri,
Heekeren, & Dziobek, 2011; Lynn et al., 2016; O’Hearn, Schroer,
Minshew, & Luna, 2010; Rhodes, Ewing, Jeffery, Avard, & Taylor, 2014;
Rhodes, Neumann, Ewing, & Palermo, 2015; Schelinski, Roswandowitz,
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& von Kriegstein, 2017; Scherf, Elbich, Minshew, & Behrmann, 2015) as
compared to typically-developing controls (but see Whyte, Behrmann,
Minshew, Garcia, & Scherf, 2015).

Although face recognition impairments may be common in autism,
it is not always the case that individuals are impaired in their face re-
cognition abilities. Hedley et al. (2011) found considerable variability
in the CFMT performance of individuals with autism: some participants
with autism performed above the average for the typically-developing
(TD) control group. Indeed, a variety of studies have found hetero-
geneity in the face processing ability of individuals on the autism
spectrum (e.g., Annaz, Karmiloff-Smith, Johnson, & Thomas, 2009;
Davies, Bishop, Manstead, & Tantam, 1994; Dimitriou, Leonard,
Karmiloff-Smith, Johnson, & Thomas, 2015; Klin et al.,, 1999;
Rutherford, Clements, & Sekuler, 2007). Furthermore, while people on
the autism spectrum experience impairments when face identity in-
formation must be held in memory, they may not have such great dif-
ficulties with tasks requiring discrimination of simultaneously-pre-
sented faces (Weigelt, Koldewyn, & Kanwisher, 2012, pp. 1070-1078;
Wolf et al., 2008).

As a plausible explanation of their face recognition impairments, it
has been hypothesized that individuals on the autism spectrum are
impaired in their holistic face processing abilities. Face recognition
relies upon holistic processing where the features of a face (e.g., eyes,
nose, mouth, etc.) are not processed independently, but seen as an in-
tegrated whole (e.g., Rossion, 2008, 2013; Sergent, 1984; Tanaka &
Farah, 1993; Young, Hellawell, & Hay, 1987). One of the gold standards
of holistic face processing is the inversion effect: due to the disruption
of whole-face processing, face recognition is disproportionately im-
paired by inversion relative to the recognition of other objects (Yin,
1969). However, the research is unclear as to whether individuals with
ASD lack holistic face processing as measured by the inversion effect.
Whereas some researchers have found that people with ASD demon-
strate a reduced or absent face inversion effect (Bookheimer, Wang,
Scott, Sigman, & Dapretto, 2008; Hobson, Ouston, & Lee, 1988; O’Brien,
Spencer, Girges, Johnston, & Hill, 2014; Rose et al., 2007; Rosset et al.,
2008; Scherf et al., 2015; Tantam, Monaghan, Nicholson, & Stirling,
1989; van der Geest, Kemner, Verbaten, & van Engeland, 2002), other
studies have shown the normal inversion effect in individuals with ASD
(Barton, Hefter, Cherkasova, & Manoach, 2007; Falck-Ytter, 2008;
Guillon et al., 2016; Hedley, Brewer, & Young, 2015; Lahaie et al.,
2006; Reed et al., 2007; Scherf, Behrmann, Minshew, & Luna, 2008;
Teunisse & de Gelder, 2003).

1.2. Electrophysiological measures of face processing

Event-related potentials (ERPs) have been applied to investigate the
brain activity associated with face processing in autism. Many of these
studies have focused on the N170 component, which, in typical de-
velopment, primarily reflects the detection of a face stimulus (Bentin,
Allison, Puce, Perez, & McCarthy, 1996; Rossion et al., 2000), as well as
the individuation of face stimuli (Rossion & Jacques, 2011). Studies
have shown that N170 amplitudes were reduced and latencies delayed
in individuals with autism relative to control participants (e.g.,
McPartland, Dawson, Webb, Panagiotides, & Carver, 2004; McPartland
et al., 2011; O’Connor, Hamm, & Kirk, 2005).

Experiments have investigated holistic processing in ASD by ex-
amining whether early ERP components, including the N170, differ in
response to upright and inverted faces. Such a difference between face
orientations would constitute an electrophysiological variety of face
inversion effect, and the presence of such a face inversion effect would
generally indicate that holistic processing is intact. However, a number
of empirical studies suggest that early ERP components do not differ
between upright and inverted orientations in autistic subjects, but do
differ in controls, suggesting that holistic processing in ASD is impaired
(Fujita et al., 2013; McPartland et al., 2004; McPartland et al., 2011;
Tye et al., 2015; Webb et al., 2012). Nevertheless, other studies of this
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type have yielded evidence of electrophysiological face inversion effects
in autistic participants, suggesting that holistic processing is intact
(Neuhaus, Kresse, Faja, Bernier, & Webb, 2016; Tavares, Mouga,
Oliveira, & Castelo-Branco, 2016; Tye et al., 2013).

ERP studies investigating sensitivity to face identity in autism have
generally focused on later components. For example, Churches,
Damiano, Baron-Cohen, and Ring (2012) report that N250 amplitudes
towards a learned target face differed between TD and autistic subjects,
but that no such difference was found for nontarget faces, suggesting
that autistic subjects may have failed to identify the target face. Key and
Stone (2012) examined the N290 (infant N170) and P400 components
in infants at risk for autism, and while amplitudes in response to fa-
miliar and unfamiliar faces showed similar patterns of differences in at-
risk and control groups, only the control group showed greater P400
latency to unfamiliar faces. However, other electrophysiological studies
have obtained results more suggestive of intact individuation. Webb
et al. (2010) found similar patterns of differences in ASD and TD par-
ticipants in P2, N250, and FN400 responses to familiar, repeated, and
unfamiliar faces. Anomalous findings from Key and Corbett (2014)
complicate the picture further. Although the experimenters did observe
the expected pattern of greater sensitivity to face repetition in TD
subjects in the P600 component, Key and Corbett also found that the
FN400 response was sensitive to face repetition in autistic but not TD
subjects, perhaps due to group differences in sensitivity to perceptual
features. Thus, conventional ERP studies offer mixed evidence with
regard to the presence or absence of face identification responses in
ASD. Both the heterogeneity of the autism spectrum and the number of
different ERP components under investigation might be partly re-
sponsible for the confused state of this literature.

In the current study, we employ a relatively new technique in high
level vision to study the brain activity of individuals with and without
autism. Fast periodic visual stimulation (FPVS), a research method
using steady-state visual evoked potentials (SSVEP) in EEG, may offer a
more objective means of studying face processing with EEG (Rossion,
2014, p. 1604). In FPVS studies, stimuli are presented repeatedly at a
fixed frequency, so that any periodic change in amplitude uniquely
associated with that frequency and its harmonics can reasonably be
assumed to constitute a response to the stimulus. Rapid presentation
frequencies are ordinarily used in FPVS studies, resulting in very swift
replacement of successive images, which suggests that paradigm may
be most suitable for investigations of early perceptual processing.
However, FPVS has a number of advantages. For example, because
signal is confined to the relatively narrow range defined by the fre-
quencies of interest, and because these frequencies can in turn be de-
liberately selected to avoid overlap with ranges characterized by high
spontaneous activity, responses are generally robust compared to noise
(Alonso-Prieto, 2011, p. 3; Norcia, Appelbaum, Ales, Cottereau, &
Rossion, 2015, p. 4; Rossion, 2014, p. 1604). Furthermore, the method
can be used to “tag” multiple stimuli if they are presented at different
frequencies, as there will be separate responses to each presentation
frequency (Norcia et al., 2015).

The greater objectivity of the FPVS response may make it a parti-
cularly suitable approach to investigate face perception in autism.
While there are many potential explanations for the mixed results of
previous EEG studies, it is possible that the subjectivity of ERP may
have contributed. Not only do stimulus events generally produce a
number of different ERP components, but defining and measuring the
components underlying surface waveforms can be challenging (see
Luck, 2014, pp. 52-55). Furthermore, in conventional ERP studies, re-
searchers may be forced to make many decisions related to data pro-
cessing and artifact rejection, which can affect results and conclusions.
In contrast, FPVS responses occur at exact frequencies defined by ex-
perimenters, can be easily quantified, and are largely preserved from
artifacts (Rossion, 2014, p. 1604).

FPVS can be used to investigate brain responses reflecting sensi-
tivity to changes in face identities (Liu-Shuang, Norcia, & Rossion,
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Fig.1. Schematic illustration of the FPVS
oddball paradigm employed by the present
study (adapted from Liu-Shuang et al,
2014; Xu et al., 2017). Above: faces were
presented with sinusoidal contrast modula-
tion at a rate of 6 cycles per second (= 6 Hz),
with display alternating between face pre-
sentation and monochromatic grey screen.
Cycle duration was 167 ms. Every fifth face
(6/5=1.2Hz) was a different-identity
oddball. To avoid pixel-wise overlap of fea-

Grey screen

tures, image size randomly varied between
80% and 120%. Below: four blocks of up-
right faces and four blocks of inverted faces

833 ms

3|8[3|S|5[3[S[S[S|s

were presented (60s each); an inversion
effect would suggest that faces are processed
holistically.
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2014). The FPVS oddball paradigm directly separates the response to
the detection of face identity changes (the individuation response) from
the generic response to the presentation of a face. Images of a single
face identity can be repeatedly presented at a higher frequency, and the
presentation of these images can then be periodically interrupted by the
presentation of an oddball, a different-identity face associated with a
unique, lower frequency (Fig. 1). The generic response to faces will be
associated with the higher, same-identity frequency and its harmonics,
while the individuation response will be associated with the lower,
oddball frequency and its harmonics. It is important to recall that the
response to the detection of the oddball face as a face stimulus will be
included within the rest of the generic response; only activation asso-
ciated with sensitivity to the separate identity of the oddball will be
included within the individuation response. The FPVS oddball para-
digm has been used to study the face inversion effect (Liu-Shuang et al.,
2014) and is sensitive to the individual differences in face processing
(Xu, Liu-Shuang, Rossion, & Tanaka, 2017).

The present study used the FPVS oddball paradigm to examine the
generic response to the presentation of face stimuli and the individua-
tion response reflecting perceptual sensitivity to changes in face iden-
tity in samples of ASD and control participants. To the best of our
knowledge, the present study is the first to examine face perception
using FPVS with adults with ASD. While two previous studies have used
FPVS to investigate face processing in a special population, with a
single participant with prosopagnosia (Alonso-Prieto, 2011; Liu-
Shuang, Torfs, and Rossion, 2016), the current study tested a larger
sample (n = 16) of individuals with ASD to compare with an age and
gender matched control sample (n = 16). The current study also in-
cluded both upright and inverted face blocks, allowing for the ex-
amination of responses associated with holistic face processing. In line
with the results of previous studies (e.g., Liu-Shuang et al., 2014; Xu
et al., 2017), we expected to observe a robust generic response centred
over medial occipital areas and a robust individuation response centred
over occipito-temporal areas in TD participants. We also expected to
find an effect of orientation on the occipito-temporal individuation
response of TD participants, indicating that TD participants process face
identities holistically. Given the face recognition impairments that have
often been found in studies of individuals on the autism spectrum, we
anticipated finding that the occipito-temporal individuation response to
upright faces would be smaller in participants with ASD than in TD
participants. Finally, in line with those studies indicating that holistic
processing may be reduced in individuals with ASD, we did not expect
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to find an effect of orientation on the occipito-temporal individuation
response of participants with ASD.

2. Methods
2.1. Participants

Participants included sixteen high-functioning adults who declared
themselves to have diagnoses of Autism Spectrum Disorder or equiva-
lent pervasive developmental disorders (13 male, 3 female,
Mage = 30.13, SDpge = 11.58). Nine participants reported that they
were diagnosed with Asperger Syndrome, three participants reported
diagnoses of Autism Spectrum Disorder, two participants reported di-
agnoses of High-Functioning Autism, and one participant reported a
diagnosis of Pervasive Developmental Disorder — Not Otherwise
Specified. One participant reported an autism spectrum diagnosis but
declined to provide further detail. All participants on the autism spec-
trum were Caucasian in ethnicity. Participants with autism were re-
cruited through a combination of advertising with local service provi-
ders and community groups in Victoria, British Columbia and emails to
individuals listed in the University of Victoria Centre for Autism
Research, Technology, and Education (CARTE) participant database.

In the sample of adults recruited for this study, it was not always
possible to obtain reports of autistic symptoms from a suitable in-
dividual, such as a parent. Therefore, following their initial visit to the
lab for the fast periodic visual stimulation task, participants with autism
were later asked to return to complete the Ritvo Autism Asperger
Diagnostic Scale-Revised (RAADS-R), a self-report measure designed as
a tool to aid in the process of diagnosing autism in adults. It consists of
80 questions, with a maximum possible score is 240; scores of 65 or
higher are consistent with the presence of autism. A large, multi-site
validation study indicates that the RAADS-R has sensitivity of 97% and
specificity of 100% when used to discriminate between individuals with
autism and typically-developing (TD) individuals or individuals with
other psychiatric diagnoses (Ritvo et al., 2011). The measure also shows
high concurrent validity with the Social Responsiveness Scale-Adult
(SRS-A) and Module 4 of the Autism Diagnostic Observation Schedule
(ADOS) (Ritvo et al., 2011; Ritvo, 2013). The RAADS-R has been em-
ployed as a confirmation of autism diagnosis in previous research (e.g.,
Brosnan, Lewton, & Ashwin, 2016; Dunlop, Enticott, & Rajan, 2016;
Libero et al., 2016; Zimmerman, Ownsworth, O’Donovan, Roberts, &
Gullo, 2016, 2017). Fifteen of the 16 participants with autism'
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completed the RAADS-R. Three participants were not in Victoria and
completed the questionnaire online. Scores ranged from 88 to 194
(M = 126.53, SD = 34.79), exceeding the cut-off score of 65.2

For comparison, a sample of typically-developing (TD) controls was
recruited through a combination of the University of Victoria
Department of Psychology’s Sona research participation system and
emails to past participants in studies conducted by the University of
Victoria’s Different Minds Lab. Controls were matched to participants
with autism on gender (13 male, 3 female) and selected for age
equivalence (Mage = 29.00, SDpge = 11.74). 15 control participants
were Caucasian, and the remaining control participant was a natural-
born citizen of a Caucasian-majority country. Participants recruited
through the Sona research participation system were compensated with
bonus credit towards course grades, while participants recruited from
the community were compensated with $20 gift certificates from a
bookstore.

2.2. Stimuli

The stimuli shown to participants in the EEG experiment were 50
full-colour photographs (25 male, 25 female) of different human faces.
All images displayed a neutral facial expression. All photographs were
generated under standardized conditions with regard to lighting,
background, and distance from the camera. Adobe Photoshop was used
to remove external features, including hair and ears, from the final
images (Liu-Shuang et al., 2014). Each face was resized to a final height
of 250 pixels (with random size variation from that base height, as
described below); width varied between 175 and 197 pixels. Images
were displayed against a neutral gray background with a display re-
solution of 1280 x 1024 pixels at a distance of 58 cm from participants.
The average visual angle of the stimuli was 7.1 degrees in height by 5.2
degrees in width.

2.3. Procedure

The procedure of this study was approved by the Human Research
Ethics Board of University of Victoria, and was carried out in ac-
cordance with the Code of Ethics of the World Medical Association
(Declaration of Helsinki). Participants were first brought to the lab and
signed the consent form. Participants viewed eight 60-second blocks of
faces. Blocks differed with regard to stimulus orientation (upright vs.
inverted) and gender (male vs. female), with two blocks for each of four
conditions (upright male, upright female, inverted male, inverted fe-
male). Order of gender and orientation was counterbalanced, with
same-gender faces being grouped together within each half of the ex-
periment. The order of the first half (first four blocks) mirrored the
second half (last four blocks). For example, a block of upright male

1 One participant was not available when invited to complete the RAADS-R.
Because there is no reason to suppose that this participant differed from the rest
of the sample, their FPVS and CFMT data were retained.

2 participants with autism were also asked to disclose any co-occurring di-
agnoses. 15 participants provided responses, while one participant declined to
answer. Of the respondents, seven reported that they were not diagnosed with
any additional conditions. The additional diagnoses of the remaining eight
participants included Non-Verbal Learning Disability (3 participants), Bipolar
Disorder (2 participants), Major Depression (2 participants), Obsessive-
Compulsive Disorder (2 participants), Social Anxiety Disorder (2 participants),
Attention-Deficit Hyperactivity Disorder (1 participant), Developmental
Coordination Disorder (1 participant), Dysthymia (1 participant), Generalized
Anxiety Disorder (1 participant), Post-Traumatic Stress Disorder (1 participant),
and Sensory Processing (Integration) Disorder (1 participant). Two of the eight
participants reported being diagnosed with more than one additional disorder.
One participant believed that their diagnoses of Obsessive Compulsive Disorder,
Major Depression, and Bipolar Disorder were made in error; however, the di-
agnoses are nevertheless included in the figures provided above.
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faces would be followed by inverted male (same gender, different or-
ientation), upright female (same orientation, different gender), and
inverted female (different gender and orientation) blocks. In the second
half of the experiment, blocks would be presented in the reverse order
(i.e., inverted female, upright female, inverted male, upright male).

Within each block, face images were presented at a frequency of
exactly 6 Hz (the generic frequency, F), or a rate of six faces per second.
This frequency is recommended for use in studies with FPVS of faces
(Alonso-Prieto, 2011, pp. 129-163; Alonso-Prieto, Van Belle, Liu-
Shuang, Norcia, & Rossion, 2013). Face images were presented in the
sequence AAAABAAAACAAAADAAAAEA..., where each letter re-
presents a different facial identity. Thus, every fifth face was a different
identity, and these different-identity faces were presented at a fre-
quency of 1.2Hz (the individuation frequency, F/5). Responses at the
generic frequency and its harmonics were assumed to reflect detection
and generic visual processing of the stimuli, while responses at the
individuation frequency and its harmonics were assumed to reflect
processing of face identity information. The selection of the base face
(A) in each block was random with replacement, while the oddball
faces (B, C, D, E...) were randomly selected in each block from the
remaining same-gender face images.

Stimuli were presented through sinusoidal contrast modulation
using a custom script based on Psychtoolbox in MATLAB (Liu-Shuang
et al., 2014). Cycles began with a uniform grey background, after which
a face appeared with increasing contrast. Full contrast was reached at
83.3 ms, after which contrast decreased at the same rate. Cycle offset
occurred at 166.7 ms. Face size varied randomly between 80% and
120% in each cycle, corresponding to heights of 200 to 300 pixels.
Increments of 2%, or 5 pixels, were used. This variation in image size
minimized the degree to which any individual face feature overlapped,
or continued to occupy the same pixels across two successive pre-
sentations. If images had overlapped excessively, it is possible that
sensitivity to facial identity would be conflated with neural responses to
low-level changes in individual face features (Dzhelyova & Rossion,
2014).

Participants were not explicitly instructed to view the face images,
nor were participants asked to respond to the presentation of the face
images. However, to ensure that participants directed gaze towards the
stimuli, participants performed a task orthogonal to the experimental
manipulation. A fixation cross was displayed in the center of the face
images, immediately below the eyes, throughout each block. On eight
occasions during each block, at random intervals, this cross briefly
(200 ms) changed colour from red to blue. Participants were instructed
to press a key when they detected a colour change.

2.4. EEG data acquisition

EEG was recorded from 36 Ag/AgCl ring electrodes in a nylon cap
(EASY CAP GmbH, Herrsching-Breitbrunn, Germany) mounted in ac-
cordance with the extended international 10-20 system. Impedance
was reduced below 20kQ2 through the application of an abrasive, con-
ductive gel to electrode sites. Low-noise electrode differential amplifiers
with a frequency response of DC 0.17-67.5 Hz (90 dB/octave roll off)
were used to amplify signals, which were recorded to disk using Brain
Vision Recorded software (Brain Products GmbH, Munich).

2.5. EEG preprocessing

EEG signal was processed using Letswave 6 (http://www.nocions.
org/letswave/) and MATLAB (MathWorks). A Butterworth filter with a
slope of 24 dB/octet was used to digitally band-pass filter EEG data;
high-pass cut-off was 0.1 Hz and low-pass cut-off was 100 Hz. Filtered
data were then re-referenced to an average reference. EEG recordings
for each block were subsequently cropped to create 60-second segments
time-locked to the onset and offset of the first and last cycles, respec-
tively, in each block. In order to reduce noise, each participant’s EEG
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data were then averaged in the time domain separately for each level of
orientation (upright vs. inverted) for each individual participant.
Averaged data were then subjected to a Fast Fourier Transform (FFT)
and frequency amplitude was extracted at a fine resolution of 1/
60 = 0.017 Hz.

2.6. ROI selection

To avoid commission of nonindependence error, regions of interest
(ROIs) were initially selected based on the previous results obtained by
Xu et al. (2017), who found that the generic response was centred over
medial occipital channels (Oz and POz), while the individuation re-
sponse was centred over lateral occipito-temporal channels (left hemi-
sphere: P7, PO7, TP9; right hemisphere: P8, PO8, TP10). Liu-Shuang
et al. (2014) obtained similar results, but those authors also subjected
the generic response over occipito-temporal channels to additional
analyses. Therefore, the present study analyzed the individuation re-
sponse over occipito-temporal channels and the generic response over
occipital channels. The generic response over occipito-temporal chan-
nels was analyzed, but it is not reported here due to length.

2.7. Harmonic selection

To identify frequency harmonics for further analysis, EEG data were
then grand-averaged for each condition, producing a total of four
averaged data files (ASD upright, ASD inverted, TD upright, TD in-
verted). The most central channels of interest for the generic response
(occipital channels; Oz and POz) and for the individuation response
(occipito-temporal channels; P7, P8, PO7, PO8, TP9, and TP10) were
then pooled separately. Next, Z-scores for these pooled channels were
computed, reflecting the difference between amplitude at each fre-
quency and mean amplitude of 18 adjacent frequency bins (9 of the 11
adjacent frequency bins on each side, excluding the immediately ad-
jacent bins and the most extreme of the 10 bins thereafter), divided by
the standard deviation of the adjacent bins. Frequencies of interest
(1.2Hz, 6 Hz, and their respective harmonics) were then scanned for
the presence of Z-scores above 2.57, corresponding to a probability
level of p = .005, over the appropriate channels of interest, in any of
the four conditions (e.g., a Z-score above 2.57 in any occipito-temporal
frequency bin between 2.3 and 2.5 Hz). The presence of a Z-score ex-
ceeding 2.57 in any condition of orientation and group was deemed
sufficient for inclusion of the corresponding harmonic in all conditions.
This relatively liberal criterion was chosen to facilitate fair comparison
of groups and conditions. Frequencies for further analysis for the gen-
eric response were 6 Hz and its harmonics up to and including 36 Hz,
while frequencies for further analysis for the individuation response
were 1.2Hz and its harmonics up to and including 8.4 Hz. The fifth
harmonic of 1.2Hz, 6Hz, was excluded from analyses of the in-
dividuation response due to the confounding of the generic and in-
dividuation responses at that frequency.

2.8. Baseline-Corrected amplitudes

Fourier-transformed response amplitudes for each level of orienta-
tion (upright vs. inverted) and for each participant were converted into
baseline-corrected amplitudes. Baseline-corrected amplitude was cal-
culated as the subtractive difference between amplitudes at each fre-
quency and mean amplitudes of 18 adjacent frequency bins (9 fre-
quency bins on each side, excluding the immediately adjacent bins and
the most extreme of the 10 bins thereafter). Baseline-corrected ampli-
tudes at each harmonic of the 1.2Hz and 6 Hz responses up to and
including 8.4 Hz and 36 Hz, respectively, were then summed separately
within each participant, response, and orientation condition to produce
separate baseline-corrected amplitude values for the generic and in-
dividuation responses for each participant, orientation condition, and
channel. The values corresponding to the different occipital (Oz, POz),
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left occipito-temporal (P7, P8, PO7), and right occipito-temporal (POS8,
TP9, TP10) channels of interest were then added separately. This pro-
duced separate baseline-corrected amplitude values for each of the 32
participants, for each orientation condition, and for each response and
the corresponding ROIs.

2.9. Cambridge face memory Test (CFMT)

Following completion of the FPVS EEG task, but prior to the ad-
ministration of the RAADS-R, participants with autism were invited to
return to lab to complete the upright version of the CFMT, a measure of
face memory (Duchaine & Nakayama, 2006). All sixteen participants
with autism completed the measure.

In the introductory phase of the CFMT, participants with autism
memorized study faces presented in three different profile views for a
total of 3 s per profile. The memorization of each study face was fol-
lowed by three three-alternative forced-choice trials, with one trial for
each profile. Participants were instructed to select the target which they
had previously studied, with selections indicated by pressing the key
corresponding to the position of the face on the screen. Each trial
contained one target item identical to the study items. Following the
final trial corresponding to each study item, a new study item was
presented until participants had seen a total of six study items and
completed eighteen trials.

The introductory phase was followed by the no-noise phase, which
began with the presentation of an array of frontal images of six study
faces for a total of 20 s. The study face identities were the same as the
study and target faces presented in the introductory phase. After the
review array had been studied, participants on the autism spectrum
completed 30 three-alternative forced-choice trials, each of which
contained one of the six target faces alongside two distractors. Target
face images in these trials were not strictly identical to the study faces;
the faces were of the same identities as study faces, but differed in
lighting and/or pose.

Finally, participants with autism completed the noise phase of the
CFMT. Participants began by reviewing the previously-presented array
of six study faces for 20s. After the review, participants completed 24
three-alternative forced-choice trials, each of which contained one of
the six target faces alongside two distractors. Gaussian noise was added
to target and distractor images in this phase.

For the purpose of comparison, a large normative dataset
(n = 1471) was made freely available online by Wilmer et al. (2012).
The final normative value is the average of sixteen normative values for
individuals of the same sex and age as the autistic participants. Because
the normative dataset included a disproportionate number of younger
individuals, normative values for individuals < 20 years of age are the
average response for same-sex individuals of the exact same age in
years. However, five- and ten-year intervals, respectively, were used for
individuals aged 20-29 (e.g., same-sex individuals aged 25-29)
and > 30 (e.g., same-sex individuals aged 40-49).

3. Results
3.1. Cambridge face memory Test

The average total score out of 72 for participants on the autism
spectrum was 48.31 (SD = 10.40), 95% CI [42.77, 53.85]. Normative
responses for age and gender were calculated from this dataset, pro-
ducing a total normative score of 54.26, exceeding the upper bound of
the confidence interval for ASD responses.

3.2. Orthogonal fixation cross task
Performance on the orthogonal fixation cross task was at levels

approaching ceiling in all conditions of group and orientation, without
any significant differences between conditions.>
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A two-way ANOVA examining the effects of group and orientation
on accuracy yielded no main effect of group, F(1, 29) = 1.19, p = 0.28,
npz = .04. TD participants (M = 0.99, SD = 0.02) were no more accu-
rate than autistic participants (M = 0.98, SD = 0.05). There was also no
main effect of orientation, F(1, 29) = 0.40, p = 0.53, npz = .01.
Participants were no more accurate in the upright condition (M = 0.99,
SD = 0.02) than in the inverted condition (M = 0.98, SD = 0.05).
Finally, there was no interaction between orientation and group, F(1,
29) = 1.71, p = 0.20, n,> = .06.

A two-way ANOVA examining the effects of group and orientation
on response time yielded no main effect of group, F(1, 29) = 0.37,
p = 0.55, npz = .01. Autistic participants (M = 526 ms, SD = 165 ms)
were no faster than TD participants (M = 561 ms, SD = 261 ms). There
was also no main effect of orientation, F(1, 29) = 0.26, p = 0.61,
npz = .01. Response times in the upright condition (M = 530 ms,
SD = 211 ms) were no faster than response times in the inverted con-
dition (M = 556 ms, SD = 222 ms). Finally, there was no interaction of
orientation and group, F(1, 29) = 1.45, p = 0.24, np2 = .05.

3.3. Frequency domain analysis

The generic response was centred over medial occipital channels
(Fig. 2). A two-way ANOVA examining effects of group and orientation
on this medial occipital generic response yielded a large main effect of
orientation, Fy, 30y = 60.51, p < .0001, n,> = .67 (Fig. 3). Responses
in upright blocks (M = 1.99, SD = 0.92) were much larger than re-
sponses in inverted blocks (M = 1.06, SD = 0.54). There was no main

3 Accuracy was defined as the proportion of fixation crosses to which parti-
cipants correctly pressed a key. Due to technical issues, it was not possible to
retrieve fixation cross data from one TD participant.
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Fig. 2. Above: Frequency spectra of the
baseline-corrected response over occipito-
temporal channels P7, P8, PO7, PO8, TP9,
and TP10 (A) and over medial occipital
channels Oz and POz (B) for participants
with autism. Below: Frequency spectra of
the baseline-corrected response over occi-

—— Upright pito-temporal channels (C) and over medial
Inverted occipital channels (D) for TD participants.
'
12 18 24 30 36 42
D. Medial Occipital, TD
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Frequency (Hz)

effect of group, Fu, 30y = 1.16, p =.29, n,? =.04. TD responses
(M = 1.66, SD = 0.87) did not differ from ASD responses (M = 1.40,
SD = 0.89). There was no interaction between orientation and group,
Fa, 30y = 0.09, p = .76, 1,> = .003.

A robust individuation response was found over the lateral occipito-
temporal channels (Fig. 2). A three-way ANOVA examining the effects
of group, orientation, and hemispheric lateralization on this occipito-
temporal individuation response yielded a large main effect of or-
ientation, F, 30y = 23.41, p < .0001, n,® = .44 (Fig. 4). Responses in
the upright blocks (M = 0.95, SD = 0.80) were much larger than re-
sponses in the inverted blocks (M = 0.42, SD = 0.50). A main effect
was also found for hemisphere, F(;, 30y = 11.96, p = .002, npz =.29.
Responses over the right hemisphere (M = 0.81, SD = 0.73) were much
larger than responses over the left hemisphere (M = 0.56, SD = 0.67).
There was no main effect of group, F(;, 30) = 0.42, p = .52, npz =.01.
TD responses (M = 0.75, SD = 0.66) did not significantly differ from
ASD responses (M = 0.63, SD = 0.77). Finally, there was also no in-
teraction between orientation and group, Fy, 30y = 0.06, p = .80,
npz = .002; no interaction between orientation and hemisphere, F(;,
30) = 2.42, p = .13, npz = .08; no interaction between group and
hemisphere, F(;, 30y = 1.06, p = .31, npz = .03; and no interaction be-
tween group, orientation, and hemisphere, F4, 30) = 1.27, p = .27,
np> = .04.

Large individual differences were found in the magnitude of the
individuation response at 1.2 Hz and its harmonics. The baseline-cor-
rected amplitudes of participants’ individuation responses in the up-
right condition ranged from -0.13 to 6.60 uV, while responses in the
inverted condition ranged from -0.41 to 3.53 uV (Fig. 5).

In the group of participants with autism, no correlation was found
between occipito-temporal individuation responses to upright faces and
CFMT scores, rgs) = .13, p = .62.
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4. Discussion

In this study, participants with autism scored lower than the age-
and gender-appropriate norm for the CFMT, a behavioural face memory
test, which replicates previous reports that participants with autism
exhibit impairments on the CFMT. To evaluate the electrophysiological
correlates of face processing, we applied the fast periodic visual sti-
mulation (FPVS) oddball paradigm, presenting upright and inverted
faces to ASD and TD adults. Both groups showed equivalent face in-
version effects in the generic response at the 6 Hz frequency, which
reflects the generic detection of the face stimulus, as well as in the in-
dividuation response at the 1.2 Hz frequency, which reflects sensitivity
to face identity. Surprisingly, there was no evidence that participants
with autism were less sensitive to the changes in face identity than TD

Individuation Response

Inverted

Difference

Difference
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Fig. 3. Above: scalp plots depicting the distribution
of the baseline-corrected generic (6 Hz + harmonics)
response in participants with autism. Plots represent
the upright (A) and inverted (B) conditions and the
difference between orientation conditions (C), re-
flecting holistic processing. Below: scalp plots de-
picting the distribution of the generic response in TD
participants. Plots represent the upright (D) and in-
verted (E) conditions and the difference between or-
ientation conditions (F).

participants. Altogether, these results may suggest that face recognition
impairments in autism are more pronounced in face memory, rather
than face perception.

For the generic response at 6 Hz and harmonics, which peaked at
the medical occipital scalp locations, a large effect of orientation was
found in both groups: upright faces elicited larger responses than in-
verted faces. This finding was consistent with Liu-Shuang et al. (2014,
p. 64), indicating that holistic processing may even play a role in lower-
level processing of faces. Moreover, for the face individuation response
at 1.2Hz and its harmonics, a significant inversion effect was also
present, replicating previous studies (Liu-Shuang et al., 2014; Liu-
Shuang et al. 2016).

However, contrary to our hypothesis, the present study found no
interactions of group and orientation in the individuation response.

Fig. 4. Above: scalp plots depicting the distribution
of the baseline-corrected individuation
(1.2 Hz + harmonics) response in participants with
autism. Plots represent the upright (A) and inverted
(B) conditions and the difference between orientation
conditions (C), reflecting holistic processing. Below:
scalp plots depicting the distribution of the in-
dividuation response in TD participants. Plots re-
present the upright (D) and inverted (E) conditions
and the difference between orientation conditions

().
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B: Inverted Faces
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Fig. 5. Left, A: Histogram depicting the distribution of the occipito-temporal individuation (1.2 Hz + harmonics) responses to upright faces. Right, B: Histogram
depicting the distribution of the occipito-temporal individuation responses to inverted faces.

Instead, the large magnitude of the inversion effects in the individua-
tion response suggests that holistic processing is intact in participants
with autism at the perceptual level. The lack of any interaction of group
and orientation in the present study appears to be inconsistent with the
results of ERP studies suggesting that, as evinced by abnormal ampli-
tudes, holistic processing is disrupted in individuals on the autism
spectrum (McPartland et al., 2004; McPartland et al., 2011). On the
other hand, the lack of a group-orientation interaction appears to but-
tress the conclusions of a recent review of behavioural studies by
Weigelt et al., (2012), who argue against the existence of qualitative
differences in face processing in autism. While ASD may still be asso-
ciated with weaknesses in the areas of integrative and holistic proces-
sing (see Frith, 2003; Just, Cherkassy, Keller, & Minshew, 2004;
Vermeulen, 2012), such impairments might be restricted to higher
cognitive functions, rather than face perception. However, it should be
noted that some electrophysiological studies suggestive of abnormal
holistic processing in ASD found differences in ERP latency, rather than
amplitude (McPartland et al., 2004; Tye et al., 2015). In order to in-
vestigate the inversion effects in the latency, the EEG data was analyzed
in the time domain (see Supplementary Materials) following the pro-
cedures in Dzhelyova & Rossion (2014) and Retter & Rossion (2016).
No group by orientation interaction was found in the latency of N170
elicited by oddball faces, consolidating the finding that both the ASD
and TD groups had comparable face inversion effect in EEG. However,
it should be noted that, given the heterogeneity of the autism spectrum,
it is also possible that the ASD sample from the present study is not
representative of the entire ASD population with regards to holistic face
processing.

Statistical comparison of the occipito-temporal individuation re-
sponses in ASD and TD individuals yielded neither a main effect of
group nor any interactions with group. This implies that individuals on
the autism spectrum were no less sensitive to changes in face identities
than TD controls, which appears to be inconsistent with behavioural
studies demonstrating that individuals on the autism spectrum often
show impairments in face recognition. There are several possible ex-
planations for this unanticipated result. Given the heterogeneity of the
autism spectrum, it is possible that the particular sample of individuals
tested in the present study were unusually skilled at recognizing faces.
However, participants on the autism spectrum performed poorly on the
CFMT, suggesting that this is unlikely to be the case. Alternatively,
given the high inter-individual variability in response amplitudes, the
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present study may have lacked sufficient power to detect a real group
difference in perceptual discrimination of faces. However, the apparent
lack of any substantial tendency towards group differences in the FPVS
individuation response may be inconsistent with this interpretation.
Instead, recalling that the FPVS individuation response may primarily
reflect perceptual discrimination of face identities rather than memory
for face identities, it is possible that the lack of group differences in the
FPVS individuation response indicates that perceptual sensitivity to
face identity is intact in ASD, and that face recognition impairments in
ASD are instead located in the domain of face memory.

The interpretation of this study’s results as being consistent with the
existence of impairments in face memory, but intact face perception, in
ASD appears to be supported by the low scores obtained by participants
with autism on the CFMT. Despite the lack of group differences in the
FPVS individuation response, the CFMT scores of participants with ASD
appeared to be lower than norms for TD people. This poor CFMT per-
formance is consistent with the results of a number of previous studies
which used the CFMT to investigate face perception in individuals on
the autism spectrum (Ewbank et al., 2017; Hedley et al., 2011; Kirchner
et al, 2011; Lynn et al., 2016; O’Hearn et al., 2010; Schelinski et al.,
2017; Scherf et al., 2015).

Evidence does suggest that face perception and face memory can be
dissociated from one another. When a previous study examined the
relationship between the FPVS individuation response and scores on the
CFMT, the relatively weak correlation between the measures suggested
they examine different aspects of face processing (Xu et al., 2017). The
present study offers further support to this idea. While the small size of
the group of participants with autism suggests that considerable caution
should be exercised in interpreting correlations, no association was
found between CFMT scores and FPVS individuation responses in the
present study. Research with typically-developing individuals also in-
dicates that face memory, but not face perception, shows a domain-
specific developmental trajectory (Weigelt et al., 2014). While face
memory shows greater age-related improvements than non-face
memory, face perceptual discrimination appears to develop similarly to
non-face perceptual discrimination.

Furthermore, the idea that people with ASD have impairments in
face memory, but not face perception, appears to be consistent with
previous research. A review of behavioural studies suggests that in-
dividuals with autism have particular difficulty with face memory, over
and above the perceptual discrimination of faces (Weigelt et al., 2012,
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pp. 1070-1078).

In summary, this study investigated the face inversion effect in ASD
as compared to the TD controls using the FPVS method. The EEG results
showed that both groups exhibited face inversion effects of similar size
in both the generic and individuation responses, suggesting that in-
dividuals with ASD had intact holistic processing in face perception.
However, participants with ASD performed below normative levels in
the behavior face memory test measured by the CFMT, suggesting that
face recognition impairments in autism are located outside the domain
of immediate perception, possibly but within the domain of face
memory.

The current study is not without limitations. Although inclusion
criteria included high-functioning autism (i.e., lack of intellectual dis-
ability), it is possible that there were differences in cognitive ability
between the ASD and control groups. Future research could determine
whether these results can be replicated when IQ is controlled for.
Future research could also subject the relationships between the FPVS
individuation response and behavioural tasks to further examination.
Previous studies have found only a modest correlation between the
FPVS individuation response and the CFMT (Xu et al., 2017), and this
correlation was not found in the sample of participants with autism in
the present study. If the FPVS individuation response is, indeed, pri-
marily a measure of face discrimination at a perceptual level, the cor-
relation between the individuation response and performance on a
behavioural face discrimination task might be more robust.
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