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a b s t r a c t
It has been suggested that a subcortically mediated, innate sensitivity to protofacial stimuli leads to specialized face processing and to the development of the social brain. A dysfunction of this face-processing
pathway has been associated with atypical social development in individuals with autism spectrum disorder (ASD). This study investigated whether individuals with ASD exhibit primary sensitivity to monochrome protoface stimuli using continuous ﬂash suppression (CFS). Under CFS, visual stimuli are
suppressed from awareness, and cortical processing is strongly reduced while subcortical regions continue to respond to invisible stimuli. We found that both adolescents with ASD and typically developing
adolescents showed preferential detection of upright protoface stimuli under CFS but not in a non-CFS
control condition. These results challenge the notion that a primitive sensitivity to protoface stimuli is
essential for typical social development. Rather, our ﬁndings suggest such sensitivity is not a sufﬁcient
condition for typical social development and that the presence of other complementary factors is necessary for the development of the social brain.
Ó 2015 Elsevier B.V. All rights reserved.

1. Introduction
Faces contain a wealth of essential information for social communication, and facial perception is one of the most highly specialised perceptual skills in humans (Haxby, Hoffman, & Gobbini,
2000). Sensitivity (i.e. preferential looking) to face-like or protofacial stimuli (i.e. schematic faces) is already present in newborns
(Farroni et al., 2005; Goren, Sarty, & Wu, 1975; Johnson,
Dziurawiec, Ellis, & Morton, 1991). This innate preference of stimuli with face-like features, which is presumably mediated by a subcortical pathway, possibly lays the foundation for the development
of specialized face processing and the networks of the social brain
(Johnson, 2005) that are key for social cognition and behaviour
(Brothers, 1990). Although the innate preference to protofacial
stimuli declines at two months of age the underlying subcortical
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face detection system continuous to be present (Nakano &
Nakatani, 2014) and can be studied even in adults by testing subcortically mediated behaviour such as saccadic responses
(Tomalski, Csibra, & Johnson, 2009). A dysfunction of this innate
face detection mechanism has been suggested to play a major role
in the atypical social development characteristic of autism spectrum disorder (ASD) (Johnson, 2005). ASD is a developmental disorder characterised by difﬁculties with social interaction and
communication and restricted and repetitive behaviours
(American Psychiatric Association, 2013). Whereas in typically
developing (TD) individuals, human faces are a powerful stimulus
capable of capturing and holding visual attention (Bindemann,
Burton, Hooge, Jenkins, & de Haan, 2005; Langton, Law, Burton, &
Schweinberger, 2008), children and adolescents with ASD do not
show such preferential attention to faces (Chawarska, Volkmar, &
Klin, 2010; Kikuchi, Senju, Tojo, Osanai, & Hasegawa, 2009;
Kikuchi et al., 2011). It has been proposed that their atypical
responses to faces could be a consequence of a lack of sensitivity
to social stimuli, including protofacial stimuli, in early infancy
(Johnson, 2005; Klin, Jones, Schultz, & Volkmar, 2003).
Recent ﬁndings, however, contradict this hypothesis: Adults
with ASD have been found to show intact attentional orienting to
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peripherally presented protofacial stimuli (Shah, Gaule, Bird, &
Cook, 2013). As these protofacial stimuli have previously been
shown to optimally drive neonates’ preferential looking (Farroni
et al., 2005) and the underlying face detection system is presumably preserved in adults (Tomalski et al., 2009), this ﬁnding represents a challenge to the hypothesis that alterations in the innate
sensitivity to such protofacial stimuli are associated with the atypical development of the social brain in ASD (Johnson, 2005). In
reaction to this result, Johnson (2014) stressed that it is still possible that individuals with ASD lack this sensitivity at early ages,
leading to the atypical development of social behaviour, though
it may emerge later in life. Since the study by Shah et al. (2013)
measured attentional orienting by manual responses and did not
record more reﬂexive saccadic eye movements driven by the superior colliculus (Lee, Rohrer, & Sparks, 1988) or other responses that
are likely to be mediated by the subcortical face detection pathway, it remains unclear whether individuals with ASD have an
intact subcortical face detection pathway that is sensitive to protofacial stimuli. Furthermore, as Johnson (2014) pointed out, it would
be important to test very young infants, because preferential looking to protofaces declines at two months of age (Johnson et al.,
1991). However, it is difﬁcult to collect such data because children
with ASD are rarely diagnosed before the age of three (Fountain,
King, & Bearman, 2011).
In the present study, continuous ﬂash suppression (CFS)
(Tsuchiya & Koch, 2005) was used to investigate the initial primary
processing of protofacial stimuli at the threshold of conscious
awareness in individuals with ASD. CFS is a binocular-rivalry technique in which a target stimulus is continuously presented to one
eye while dynamic, high-contrast masks are ﬂashed into the other
eye. With this CFS technique, the target can be suppressed from
awareness (i.e. rendered invisible) for several seconds, enabling
researchers to study the processes that precede and lead to stimulus awareness for complex stimuli such as faces (Axelrod, Bar, &
Rees, 2015) over extended periods of time. During CFS, visual cortex responses to the target are strongly suppressed (Hesselmann,
Hebart, & Malach, 2011; Yuval-Greenberg & Heeger, 2013), while
subcortical regions exhibit comparably robust responses to facial
stimuli (Jiang & He, 2006; Troiani & Schultz, 2013). This pattern
of activation bears a striking similarity to the structure of the newborn brain, in which subcortical regions are already well developed
but cortical regions are anatomically (Barkovich, Kjos, Jackson, &
Norman, 1988; Paus et al., 2001) and functionally immature
(Muir, Clifton, & Clarkson, 1989). Indeed, for TD adults in the breaking CFS task (Jiang, Costello, & He, 2007), upright protofaces overcome CFS and emerge into awareness more quickly than inverted
protofaces (Stein, Peelen, & Sterzer, 2011). This preferential processing of protofacial stimuli under CFS in adults is similar to newborns’ looking preferences, suggesting that preferential responses
in both adults and newborns are based on the same inborn face
detection system involving subcortical regions such as the amygdala and pulvinar (Jiang & He, 2006; Johnson, 2005; Troiani &
Schultz, 2013). Moreover, research using CFS to study access to
awareness of protoface stimuli in individuals with ASD will provide
new insight into the basic perceptual mechanisms of face processing in ASD that goes beyond previous studies on attentional orienting to protofaces (Shah et al., 2013), as attention and conscious
awareness are thought to be related but distinct processes (Koch
& Tsuchiya, 2007; Lamme, 2003).
In the present study, three experiments examining adolescents
with ASD and TD adolescents were conducted, in order to study the
initial processing of protofaces. We recruited adolescents rather
than younger children as participants because testing of children
with the CFS setup poses logistic and practical challenges (e.g.
stable fusion, ﬁxation and vigilance) that may undermine the quality of the acquired data and has therefore, to the best of our

knowledge, not been done in any previous CFS study except for
one study utilising a speciﬁc and non-standard equipment
(Sylvers, Brennan, & Lilienfeld, 2011). In Experiment 1, the
well-known advantage of higher-contrast over lower-contrast
Gabor-patches in breaking CFS (Tsuchiya & Koch, 2005; Tsuchiya,
Koch, Gilroy, & Blake, 2006) was investigated to ensure that participants showed overall normal behavioural performance in the
breaking CFS task with non-facial stimuli. Experiment 2 addressed
the central question of the present study: whether the advantage
of upright versus inverted (i.e. non-face-like) protofaces in breaking CFS (Stein, Peelen et al., 2011) would be present or absent in
adolescents with ASD. Finally, Experiment 3 was designed as a control experiment to test whether the ﬁndings in Experiment 2 could
be explained by non-speciﬁc differences unrelated to access to
awareness under CFS. To this end, Experiment 3 used the same
stimuli and task, and was designed to resemble the visual appearance in Experiment 2, but it did not involve interocular suppression, i.e. CFS. We hypothesised that if individuals with ASD did
not have the subcortically mediated primary sensitivity to protofaces, they should not show the advantage of upright over inverted
protofaces in breaking CFS. Alternatively, if their primary sensitivity to protofacial stimuli was intact, they should show an advantage of upright protofaces.
2. Material and methods
2.1. Participants
Ten adolescents with ASD (12–21 years old, 10 males) and 10
TD adolescents (12–20 years old, 9 males) participated in
Experiments 1, 2, and 3 (Table 1). Participants with ASD had been
previously diagnosed with autistic disorder (N = 4), Asperger syndrome (N = 1), or pervasive developmental disorder without a
detailed diagnosis (N = 5) according to the DSM-IV (American
Psychiatric Association, 1994). The Japanese version of the Social
Communication Questionnaire (SCQ) (Rutter, Bailey, & Lord,
2003) was completed by all parents and the Autism Diagnostic
Observation Schedule (ADOS) (Lord et al., 2000) was administered
for all participants with ASD. All participants with ASD scored
above the ASD cut-off points on both SCQ (15) and ADOS (7, social
communication). An abbreviated version of the Japanese Wechsler
Intelligence Scale for Children (WISC) (Japanese WISC-III
Publication Committee, 1998; Wechsler, 1992) or Wechsler Adult
Intelligence Scale (WAIS) (Shinagawa, Kobayashi, Fujita, &
Maekawa, 1990; Wechsler, 1981) was administered to all participants to measure their IQ (the WISC for those younger than
16.9 years old and the WAIS for those older than 16.9 years old).
There were no signiﬁcant difference between groups regarding
chronological age, IQ, and sex ratio (all ps > .05). All participants
had normal or corrected-to-normal visual acuity. One participant
with ASD had esotropia, but excluding him did not change the statistical signiﬁcance of the key results (i.e. the inversion effect for
protofaces under CFS). Written informed consent was obtained
from all participants and their parents. This study was approved
by the Research Ethics Committee of the University of Tokyo.
2.2. Apparatus and stimuli
Stimuli were presented on a 17-inch CRT monitor
(1024  768 pixel resolution, 60-Hz frame rate), using Matlab
(The MathWorks, Natick, MA) with the Cogent 2000 toolbox
(www.vislab.ucl.ac.uk/cogent.php) on a desktop PC. Participants
viewed the screen from a distance of 50 cm with their head stabilized by a chin-and-head rest. Two fusion contours (visual angle:
8.1°  8.1°) consisting of random black and white pixels (width
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Table 1
Participant characteristics.
ASD (n = 10, no female)

Age, years
IQ
SCQ
ADOS, social communication

TD (n = 10, 1 female)

p-value

M (SD)

Range

M (SD)

Range

16.7 (3.6)
101.4 (19.8)
25.8 (3.8)
12.6 (3.3)

12–21
73–124
18–31
9–18

15.5 (2.6)
101.8 (15.1)
2.6 (2.5)

12–20
73–131
0–8

.395
.962
<.001

p-Values reﬂect the levels of signiﬁcance from independent samples t-tests. ASD, autism spectrum disorder; TD, typically developing; SCQ, Social Communication
Questionnaire; ADOS, Autism Diagnostic Observation Schedule.

0.5°) were presented side-by-side, dichoptically through a
custom-built mirror stereoscope (i.e. one frame was visible to
one eye), against a uniform grey background. A white ﬁxation cross
(0.6°  0.6°) was displayed in the centre of each frame.
High-contrast, randomly positioned greyscale circles (diameter
0.3–1.6°) updated at 10 Hz were presented as masks.
In Experiment 1 (Contrast, CFS), the well-established typical
effect of luminance contrast on suppression durations was investigated using vertically and horizontally oriented Gabor-patches
(2.6°  2.6°) as targets; half were high contrast (Michelson contrast = 1) and the other half were low contrast (Michelson contrast = 0.37). For Experiments 2 (Protoface, CFS) and 3 (Protoface,
non-CFS), protofacial stimuli were created according to previous
studies (Farroni et al., 2005; Johnson et al., 1991; Mondloch
et al., 1999; Stein, Peelen et al., 2011). Protofacial stimuli
(2.0°  3.3°) consisted of a white head-shaped contour and three
black blobs. In face-like upright protofaces these blobs were
arranged such that they represented the eyes and the mouth
(two dark blobs over one dark blob, see Fig. 1). Suppression durations for these upright protofaces were compared to non-face-like
stimuli in which the orientation of the three dark blobs was vertically inverted, such that the typical spatial arrangement of the eyes
above the mouth was disrupted while all pixel values remained
constant. All stimuli were greyscale.
2.3. Procedure
Before the experiment, participants were shown example pictures of the target stimuli from all conditions. They were instructed

to respond as soon as a target stimulus or any part of the target
became visible. Trials started with a 1-s presentation of the fusion
contours and the ﬁxation cross only. Next, in the CFS experiments
(Experiments 1 and 2) CFS masks refurbished at 10 Hz were presented to one randomly selected eye. A target stimulus was gradually faded into the other eye by increasing its contrast over the
ﬁrst second of each trial and then remained constant until the participants responded or for a maximum of 10 s. Target stimuli were
presented in one of the four quadrants (centred at eccentricities of
2.5°). Participants were asked to press one of four keys on the keyboard (F, V, J, N) to indicate in which quadrant the target stimulus
appeared. Beginning 1.1 s after trial onset, the contrast of the
masks was linearly decreased to zero over 6.9 s. In the non-CFS
control experiment (Experiment 3), the design, the task, and the
display layout were identical to the CFS experiment (Experiment
2), but the protofacial stimuli and the masks were presented to
both eyes simultaneously. To approximate the perceptual experience in this control experiment to that under CFS, the transparency
of the protofacial stimuli was reduced linearly from 100% to 0%
over 10 s by alpha blending. This resulted in gradual visibility of
the protofacial stimuli against the masks (Jiang et al., 2007;
Stein, Peelen et al., 2011; Stein, Sterzer, & Peelen, 2012; Yang,
Zald, & Blake, 2007; Zhou, Zhang, Liu, Yang, & Qu, 2010).
Participants completed 32 trials in Experiment 1 and 64 trials
each in Experiments 2 and 3. The order of trials was randomised
in each experiment and across participants, and each combination
of two Gabor contrasts (Experiment 1, high or low), two Gabor orientations (Experiment 1, vertical or horizontal), or two vertical orientations of the protofacial stimuli (Experiments 2 and 3, upright
or inverted) occurred equally often within each experiment.

2.4. Design and analysis

Fig. 1. Example of the experimental procedure in the CFS experiment with
protofaces (Experiment 2). In each trial, ﬂashing masks were presented to one
eye while a target stimulus was presented to the other eye. Participants pressed one
of four buttons to indicate in which quadrant any part of the target stimulus
became visible.

The mean response times (RTs, seconds) were compared by a
two-way mixed analysis of variance (ANOVA) with group (ASD or
TD) as the between-participant factor and contrast (high or low)
in Experiment 1 or vertical orientation (upright or inverted) in
Experiments 2 and 3 as the within-participant factor.
Additionally, to compare the inversion effect for protofaces
between the CFS condition and the binocular non-CFS control condition, a three-way mixed ANOVA including experiment as an
additional within-participant factor (Experiment 2 or 3) was conducted. Trials with no responses and trials with incorrect
responses (Experiment 1, 0.2%, 1.7%; Experiment 2, 0.0%, 2.0%;
Experiment 3, 0.0%, 1.3%, respectively) were excluded from the calculation of mean RTs. Trials with RTs of more than 2 standard deviations (SDs) above or below the mean of each individual in each
condition (Experiment 1, 2.2%; Experiment 2, 2.1%; Experiment 3,
2.3%) were excluded from the RT analysis (see also
Supplementary Material, Table S1). The number of trials with no
responses or incorrect responses did not differ between groups
or conditions in any experiment (Supplementary Material,
Table S2; all ps > .05).

132

H. Akechi et al. / Cognition 143 (2015) 129–134

3. Results

Table 2
Means and standard errors of mean (SEMs) of reaction times (s) for each experiment.

3.1. Experiment 1 (Contrast, CFS)
An ANOVA revealed a signiﬁcant main effect of contrast
(F(1, 18) = 52.73, p < .001, gp2 = .75). As predicted, high-contrast
Gabor-patches (M = 5.78, SEM = 0.51) were localised faster than
were low-contrast patches (Table 2; M = 6.78, SEM = 0.55).
Neither the main effect of group nor the interaction was signiﬁcant
(ps > .10).

Experiment 1
(Gabor-patch)
Experiment 2
(Protoface)
Experiment 3
(Protoface)

High contrast
Low contrast
Upright
Inverted
Upright
Inverted

ASD (n = 10)

TD (n = 10)

5.05
5.82
2.20
2.42
3.28
3.40

6.52
7.73
3.12
3.34
3.05
3.07

(0.87)
(0.93)
(0.39)
(0.44)
(0.21)
(0.22)

(0.49)
(0.43)
(0.53)
(0.53)
(0.21)
(0.23)

3.2. Experiment 2 (Orientation, CFS)
Under CFS, there was a signiﬁcant main effect of vertical orientation (F(1, 18) = 12.25, p = .003, gp2 = .40). Upright protofaces
(M = 2.66, SEM = 0.34) were localised faster than were inverted
protofaces (Fig. 2; M = 2.88, SEM = 0.35). Neither the main effect
of group nor the interaction between group and orientation were
signiﬁcant (both ps > .10).
3.3. Experiment 3 (Orientation, non-CFS)
In the control non-CFS experiment, there were no signiﬁcant
effects (all ps > .10).
3.4. Experiments 2 and 3 (Orientation, CFS and non-CFS)
The main effect of vertical orientation was signiﬁcant
(F(1, 18) = 16.33, p = .001, gp2 = .48). Upright protofaces (M = 2.91,
SEM = 0.22) were localised faster than were inverted protofaces
(M = 3.06, SEM = 0.23). The interaction between group and experiment was also signiﬁcant (F(1, 18) = 5.30, p = .034, gp2 = .23). A simple effect analysis revealed a signiﬁcant main effect of experiment
in the ASD group (F(1, 9) = 10.12, p = .011, gp2 = .53) but not in the
TD group (F(1, 9) = 0.18, p = .683, gp2 = .02). In the ASD group, target
stimuli were detected faster in the CFS condition (M = 2.31,
SEM = 0.41) than in the non-CFS condition (M = 3.34, SEM = 0.21).
Finally, the interaction between experiment and orientation
approached statistical signiﬁcance (F(1, 18) = 3.29, p = .086,
gp2 = .15). An exploratory simple effect analysis revealed a signiﬁcant simple main effect of protoface orientation in the CFS condition (F(1, 18) = 12.25, p = .003, gp2 = .40) but not in the non-CFS
condition (F(1, 18) = 2.75, p = .115, gp2 = .13). The three-way interaction was not signiﬁcant (p > .10).
4. Discussion
This study investigated whether a primary sensitivity to protofacial stimuli is intact in adolescents with ASD by measuring the
time until target stimuli gained access to visual awareness under
CFS. In Experiment 1, the well-known advantage of higher- relative
to lower-contrast Gabor-patches under CFS (Tsuchiya & Koch,
2005) was observed in both groups, replicating previous results
(Akechi et al., 2014). In the non-CFS control experiment
(Experiment 3), detection speed did not differ between upright
and inverted protofaces, suggesting that sensitivity to protofaces
is not mediated by ordinary non-CFS speciﬁc visual processing or
by differences in response criteria (Stein, Peelen et al., 2011). In
the critical CFS experiment (Experiment 2), both groups showed
a detection advantage for upright relative to inverted protofaces
under CFS. This suggests that the primary sensitivity to protofaces,
possibly supported by the subcortical face detection pathway
(Johnson et al., 1991; Mondloch et al., 1999; Morton & Johnson,
1991), is intact in individuals with ASD. As the pattern of neural
activity under CFS resembles brain function in newborns, with

Fig. 2. The results of the CFS protoface experiment (Experiment 2). The bar plots
depict the mean response times for protofacial stimuli, separately for upright
protofaces and inverted protofaces in each group. The error bars indicate 95%
conﬁdence intervals for the mean difference between the upright and inverted
conditions in each group. ASD, autism spectrum disorder; TD, typically developing;
CFS, continuous ﬂash suppression.

visual cortex activity being signiﬁcantly suppressed during CFS
(Hesselmann et al., 2011; Yuval-Greenberg & Heeger, 2013) while
subcortical regions continue to respond to facial stimuli despite
CFS (Jiang & He, 2006; Troiani & Schultz, 2013), this result could
suggest that sensitivity to protofacial stimuli is intact in individuals with ASD from their early infancy, although the present study
did not test infants.
This interpretation would challenge the notion that the innate
sensitivity to protofacial stimuli is crucial for the typical development of social brain networks (Johnson, 2005). Several accounts
of ASD assume that an innate or ontogenetically early sensitivity
to social stimuli such as faces and eyes, supported by subcortical
regions including the amygdala, is crucial for typical social development, while its early disruption is associated with atypical social
development in individuals with ASD (Klin et al., 2003; Schultz,
2005). The present results demonstrate that adolescents with
ASD show preferential processing of protofaces under CFS, just as
TD adolescents do. Thus, our ﬁndings provide no evidence for disturbed initial processing of face-like stimuli in ASD. This is consistent with recent work showing that adults with ASD also have an
attentional bias to peripherally presented protofacial stimuli
(Shah et al., 2013), suggesting that ‘‘the subcortical social orienting
system is intact in adults with autism’’ (Johnson, 2014, p. R30).
Because our study investigated the subcortical face detection pathway otherwise by using CFS, our ﬁndings strengthen the possibility
that individuals with ASD also have an innate face detection system. As it remains possible that the subcortical face detection system ‘‘is impaired or delayed around the time of birth’’ (Johnson,
2014, p. R30), it will still be necessary to test newborns who will
later be diagnosed with ASD to provide unequivocal evidence for
intact inborn face sensitivity in ASD. Hence, a promising avenue
for future studies is to study the younger siblings of individuals
with ASD, who are themselves at high risk of developing ASD
(Jones, Gliga, Bedford, Charman, & Johnson, 2014).
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One limitation of the present study is that recent work suggests
that detection under CFS does not exclusively reﬂect subcortical
processing. For example, it has been found that suppression durations are inﬂuenced by facial properties that may be too subtle to
be processed by a coarse subcortical pathway, such as a face’s race,
age (Stein, End, & Sterzer, 2014), or a face’s familiarity to the observer (Gobbini et al., 2013). Also, detection of stimuli containing high
spatial frequencies that are thought to be processed by cortical
areas overcome CFS relatively quickly (Stein, Seymour, Hebart, &
Sterzer, 2014; Yang & Blake, 2012). Furthermore, whereas earlier
neuroimaging studies indicated that neural activity under interocular suppression is largely conﬁned to subcortical areas (Jiang &
He, 2006; Pasley, Mayes, & Schultz, 2004; Troiani & Schultz,
2013; Williams, Morris, McGlone, Abbott, & Mattingley, 2004),
the extent and location of residual neural processing in cortical
areas – especially in the dorsal visual processing stream – is still
a matter of debate (Ludwig & Hesselmann, 2015; Sterzer, Stein,
Ludwig, Rothkirch, & Hesselmann, 2014), with some imaging studies showing preserved cortical responses despite interocular suppression (e.g. Fang & He, 2005; Sterzer, Haynes, & Rees, 2008). At
the same time, recent results from monkey neurophysiology show
that face-like patterns such as those used in the present study elicit
responses in the pulvinar (thought to be part of the subcortical face
detection pathway) at extremely short latencies of about 50 ms
(Nguyen et al., 2013), likely reﬂecting direct feedforward ascending
input from the retina. Thus, it remains possible that with the speciﬁc protofaces used in the present study suppression durations
under CFS mainly reﬂect subcortical processing.
Another current debate revolves around the logic of including a
non-CFS control condition to exclude that the ﬁndings obtained
with CFS were due to non-speciﬁc differences unrelated to access
to awareness under CFS (e.g. Gayet, Van der Stigchel, & Paffen,
2014; Jiang et al., 2007; Stein, Hebart, & Sterzer, 2011; Stein &
Sterzer, 2014). Because it is hard to fully match these conditions,
it is possible that the non-CFS control condition did not capture
all non-speciﬁc differences between conditions that might have
contributed to the effects obtained with CFS, e.g. response biases
due to strategic differences. In fact, in the ASD group overall RTs
were faster in the control condition than in the CFS condition, indicating that the conditions were not fully matched. Due to enormous inter-individual variability in suppression times, depending
on factors such as relative eye dominance, brain structure, and
genetics (e.g. Kleinschmidt, Sterzer, & Rees, 2012), the direct comparison of overall RTs between the CFS and control condition is difﬁcult to interpret. Importantly, however, there were no signiﬁcant
differences in overall RTs between ASD and TD individuals in either
the CFS or in the non-CFS experiment, meaning that overall RT differences are unlikely to account for the present ﬁndings.
If it is true that individuals with ASD have normal primary subcortically mediated sensitivity to protoface stimuli, it remains an
outstanding question why such sensitivity does not necessarily
lead to the typical development of the social brain. Given that children and adults with ASD reportedly lack preferential behavioural
and neural responses to faces (Pelphrey, Shultz, Hudac, & Vander
Wyk, 2011; Weigelt, Koldewyn, & Kanwisher, 2012), the primary
sensitivity to protofacial stimuli could be a necessary condition—
but might not be a sufﬁcient condition—for typical social
development. For example, early preferential responses to socially
important signals (e.g. protofaces) may not turn into sustained,
attentive preferential looking later in life if these social signals
were not paired with sufﬁcient reward values for the perceiver
early in life. Up-to-date evidence from prospective longitudinal
studies suggests that individuals with ASD have an innate
preference for social stimuli, but that they lose sensitivity to the
same stimuli during infancy. For instance, infants who are later
diagnosed as ASD look at other people’s faces as frequently as TD
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infants at 6 months, but subsequently the frequency of looking signiﬁcantly decreases (Ozonoff et al., 2010). The gaze duration of
infants with ASD towards other person’s eyes is comparable with
that of TD infants at ﬁrst, but continuously declines from 2 to
24 months old (Jones & Klin, 2013). Since early experience is crucial for the development of important social skills such as conﬁgural face processing (Le Grand, Mondloch, Maurer, & Brent, 2001)
and language perception (Kuhl, Williams, Lacerda, Stevens, &
Lindblom, 1992), identifying other factors which are essential to
social development (e.g. gaze duration towards other people) will
be an important avenue for future research. The present study
revealing intact preferential detection of protofaces in individuals
with ASD demonstrates how research using state-of-the-art vision
sciences techniques such as continuous ﬂash suppression to study
basic perceptual processes can advance our understanding of the
nature of typical as well as atypical social development in humans.
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