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asic Abnormalities in Visual Processing Affect
ace Processing at an Early Age in Autism
pectrum Disorder

etra Hendrika Johanna Maria Vlamings, Lisa Marthe Jonkman, Emma van Daalen,
utger Jan van der Gaag, and Chantal Kemner

ackground: A detailed visual processing style has been noted in autism spectrum disorder (ASD); this contributes to problems in face
rocessing and has been directly related to abnormal processing of spatial frequencies (SFs). Little is known about the early development of

ace processing in ASD and the relation with abnormal SF processing. We investigated whether young ASD children show abnormalities in
ow spatial frequency (LSF, global) and high spatial frequency (HSF, detailed) processing and explored whether these are crucially involved
n the early development of face processing.

ethods: Three- to 4-year-old children with ASD (n � 22) were compared with developmentally delayed children without ASD (n � 17).
patial frequency processing was studied by recording visual evoked potentials from visual brain areas while children passively viewed
ratings (HSF/LSF). In addition, children watched face stimuli with different expressions, filtered to include only HSF or LSF.

esults: Enhanced activity in visual brain areas was found in response to HSF versus LSF information in children with ASD, in contrast to
ontrol subjects. Furthermore, facial-expression processing was also primarily driven by detail in ASD.

onclusions: Enhanced visual processing of detailed (HSF) information is present early in ASD and occurs for neutral (gratings), as well as
or socially relevant stimuli (facial expressions). These data indicate that there is a general abnormality in visual SF processing in early ASD
nd are in agreement with suggestions that a fast LSF subcortical face processing route might be affected in ASD. This could suggest that

bnormal visual processing is causative in the development of social problems in ASD.
ey Words: Autism, brain, early development, face perception,
patial frequency, visual

utism spectrum disorder (ASD) is a complex neurodevelop-
mental disorder characterized by impairments in communi-
cation and social interaction and stereotyped patterns of

ehavior and interests (1). Although impairments in the social do-
ain are the best-known characteristics of ASD, a large and still

rowing number of studies consistently report abnormalities in
isual perception in ASD, indicating that perception is more locally
r detail oriented (2–5). Interestingly, there are recent indications

hat this abnormal perception might be primary or at least contrib-
tory to abnormalities in social processing in this group and espe-
ially in atypical processing of the faces of others (5–9).

More specifically, it has been suggested that the primacy for
etail in ASD is related to impairments in one of the most funda-
ental aspects of human vision (10,11), namely the processing of

patial frequencies (6 –9,12). Although there is a certain amount of
verlap between high spatial frequency (HSF) and low spatial fre-
uency (LSF) processing (10), in general, HSF are important for
etailed perception and represent sharp edges and fine perceptual
etail (Figures S1 and S2 in Supplement 1). Low spatial frequencies,
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on the other hand, provide information about the general shape,
proportions, and large contours of objects (13–15). Importantly,
several studies have indicated that LSF information is crucial for
rapid and efficient processing of facial information and specifi-
cally activates fast subcortical threat/saliency detection systems
in the brain (16–19). In this way, specialized processing of LSF
information is believed to mediate fast and unconscious adjust-
ments of behavior.

Several studies suggest that the focus on local information in
ASD is related to a relative overprocessing of HSF (6 –9,12). Some
behavioral studies in children and adults, for example, demonstrate
that, in contrast to control subjects, face perception is guided by
HSF in ASD in tasks measuring identity and emotion recognition
(6,7,9). Atypical processing of HSF in ASD has also been found in a
visual evoked potential (VEP) (12) as well as an electroencephalo-
graphic (EEG) study (20), both using simple grating stimuli that are
typically used to investigate the basics of spatial frequency process-
ing. It therefore seems that, for social as well as nonsocial informa-
tion, there is a bias toward the use of local information and HSF in
adults and children with ASD.

There are a few studies reporting impairments and atypical neu-
ral processing of facial emotions in infants and toddlers with ASD
(21–23). For example, although typically developing children are
able to differentiate facial expressions at 6 months and recognize
the primary facial emotions during toddlerhood (24), toddlers with
ASD show difficulties in this respect. However, it is unknown
whether deviant visual perception or spatial frequency (SF) pro-
cessing is present at an early age in ASD and whether it influences
face processing at this age. Because the young brain is the most
capable of learning, better understanding of the functional rela-
tionship between visual perception and face processing in young
ASD patients is needed to tailor early treatment. In the present
study, we investigated the interplay between basic abnormalities in

spatial frequency processing and face perception in a group of 3- to
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-year old children with ASD and age- and IQ-matched control
ubjects. We measured VEPs in response to nonsocial stimuli (grat-
ngs) as well as to social stimuli (facial expressions) and measured
he latencies and amplitudes of VEP peaks specifically sensitive to
he spatial frequency content of both stimulus types. More specifi-
ally, we investigated two event-related potential (ERP) peaks, the
1 and the N170. The P1 and N170 can be measured in both adults
nd children, although they occur at longer latencies in children
25–27). The P1 is an early peak (latency at about 100 msec) that is

ostly associated with sensory processing in early striate and ex-
rastriate areas and can be seen to both gratings (12) and face
timuli (26). The N170 is a face-specific peak; it reflects processing
ater in time and results from a network of regions including the
usiform gyrus (28). Both peaks are sensitive to facial expressions
nd to the spatial frequency content of the presented stimuli (see
19] for review). Because the evidence, so far, mainly supports en-
anced detail or HSF processing in ASD, we predict a bias toward
SF processing in our clinical group, reflected in the amplitude of

he P1 to gratings. Second, based on above discussed behavioral
ork in ASD (6 –9) and previous work on the role of SF in the rapid
rocessing of emotion in control subjects (17,19,29), we predict

hat increased HSF processing in children with ASD will also affect
heir processing of facial expressions and that this will be reflected
n the P1 and N170 to faces.

ethods and Materials

articipants
In total, 29 children diagnosed with ASD and 18 control children

ith developmental delay but without ASD participated. Seven
SD children (of 29) were excluded because they were not compli-
nt with the EEG procedure and one control child was excluded
ecause of medication use. The final groups comprised 22 children
ith ASD and 17 control subjects. All children had normal or cor-

ected to normal vision. Information on several diagnostic instru-

Table 1. Descriptive Data for ASD Children and Contro

Variable
Autism Spectrum

(n � 22)

Male (Female) 19 (3)
CA (Months)

Range 35–60
Mean � SEM 48.4 � 1.

Nonverbal MA
Range 18–61
Mean � SEM 37.4 � 2.

Verbal MA
Range 8–63
Mean � SEM 35.5 � 3.

SCQ Score (cutoff � 15) NA
ADI-R Score � SD

Social behavior (cutoff � 10) 14.3 � 6.
Communication (cutoff � 8) 10.1 � 4.
Repetitive behavior (cutoff � 3) 4.1 � 2.

ADOS Scores � SD
Communication (cutoff � 2) 3.7 � 2.
Social behavior (cutoff � 4) 8.3 � 2.

Clinical Diagnosis
PDD-NOS 7
Autism 15

ADI-R, Autism Diagnostic Interview-Revised (30); ADO
spectrum disorder; CA, chronological age; MA, mental ag

Disorder-Not Otherwise Specified; SCQ, Social Communicatio

ww.sobp.org/journal
ments (30 –32) is presented in Table 1. Details on participant recruit-
ment, exclusion criteria controls, and diagnostic methods can be
found in Supplement 1. Groups did not differ in sex, chronological
age, nonverbal mental age, or verbal age (Table 1).

The experimental protocol was approved by the Medical Ethical
Committee of the Radboud Hospital in Nijmegen and all parents
gave written informed consent before participation.

Stimuli and Task Procedure
The grating and facial emotion tasks were administered in sep-

arate sessions that took place on different days (session 1, gratings
task; session 2, facial emotion task). Four ASD children participated
in session 1 only.

Grating Task. Horizontal (square-wave) black-and-white grat-
ings with either an HSF (6 cycles per degree [c/d]) or an LSF (.75 c/d)
(Figure S1 in Supplement 1) were randomly presented on a com-
puter with a duration of 500 msec. The task consisted of three
blocks containing 60 trials each (30 HSF and 30 LSF). To motivate
the children to attend the stimuli, each block also contained 10
different moving and colored animations (10 per block; duration,
2000 msec), clearly differing from the grating stimuli. Participants
were instructed to attend to all pictures and to respond to all ani-
mations with a button press. No responses were required for the
gratings. After a hit (button press within 3000 msec after onset) a
happy sound (“yoohoohoohoo”) was presented; after a miss, a neg-
ative sound (“boing”) was played. At the beginning of the session,
there was one practice block containing 48 trials and five anima-
tions. The active task (pushing the response button on animation
onset) was only included to increase children’s attention to the
screen. There were no group differences in the number of children
that were able to actively perform the task (control subjects, 70%;
ASD, 64%; Fisher’s exact test, p � .74) and accuracy rates of these
children did not differ between groups [control subjects, 86%; ASD,
93%; F (1,23) � 1.51, p � .23].

Facial Emotion Task. Filtered face stimuli were presented that

ects

rder Control Subjects
(n � 17) t and p Values

13 (4) Fisher’s exact test, p � .67

36–67
51.6 � 2.6 t(37) � 1.12, p � .28

19–60
35.9 � 2.5 t(37) � �.40, p � .69

11–70
36.5 � 3.8 t(37) � �.20, p � .84

8 � 1.4

NA
NA
NA

NA
NA

tism Diagnostic Observation Schedule (31); ASD, autism
, not administered; PDD-NOS, Pervasive Developmental
l Subj

Diso

3

7

6

4
4
8

0
8

S, Au
e; NA
n Questionnaire (32).
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onsisted of 16 grayscale images (8 male images, 8 female images),
ne half depicting a neutral expression, the other half depicting a

earful expression. Choice of these expressions was based on previ-
us studies (16,17,19,33) that all used neutral and fearful expres-
ions to investigate the role of SF in emotion processing by measur-
ng neural activity. The photographs were selected from the

imStim Set (34) (The Research Network on Early Experience and
rain Development, http://www.macbrain.org/faces/index.htm).
he HSF images were created by filtering the original photographs
sing a high-pass cutoff of � 6 c/d of visual angle for the HSF stimuli
nd a low-lass filter of � 2 c/d of visual angle for the LSF stimuli
Figure S2 in Supplement 1). Filtering was performed in Matlab (The

athWorks, Natick, Massachusetts) using a set of Gaussian filters.
The facial emotion task consisted of four blocks each of 73 trials.

ithin each block, 64 faces and 9 moving animation figures, the
atter requiring a button press, were presented on a gray back-
round in randomized order. All faces were presented for 500 msec
ith an interstimulus interval of 1600 msec to 1800 msec. There
ere no group differences in the number of children that were able

o actively perform the task (control subjects, 75%; ASD, 87%; Fish-
r’s exact test, p � .65) and accuracy rates of these children did not
iffer between groups [control subjects, 87%; ASD, 85%; F (1,23) �

06, p � .81].
To monitor the child’s looking behavior, all sessions were video-

aped. By coding the videos after testing, trials at which children
ooked away from the screen (at stimulus onset) could be traced.
hildren were rewarded for participation with a small present. More
etails on the task procedure and the stimuli can be found in Sup-
lement 1.

RP Recordings
Event-related potentials were recorded via an EasyCap (Compu-

igure 1. Grand average visual evoked potentials at OZ, O1, and O2 in
esponse to high spatial frequency (HSF) and low spatial frequency (LSF)
ratings (in black and red, respectively) for both groups. Upper, control
roup; lower, autism spectrum disorder group. ASD, autism spectrum disor-
er; P1, event-related potential peak.
edics, Victoria, Australia) containing 39 electrodes (see Supple-
ment 1 for EEG-measurement specifics). Trials during which the
child did not look at the screen at stimulus onset were discarded. In
the gratings task, all children passed the criteria of 25 trials per
condition after rejection of artifacts and trials of inattention. For the
grating task, the final groups comprised 22 children with ASD and
17 control subjects. There were no significant group differences in
the number of trials included in the analysis [t (37) � 1.61, p � .12].
In the face task, three ASD children and one control subject did not
pass the criterion of 25 trials per condition (HSF fear, HSF neutral,
etc.) and were excluded. Interestingly, we observed a significant
negative correlation between number of trials on which children
with ASD looked at the screen in the face task and level of social
behavior [r (17) � �.62, p � .01] and communication [r (17) � �.61,
p � .05] as measured by the Autism Diagnostic Observation Sched-
ule. There were no correlations between looking behavior and Au-
tism Diagnostic Observation Schedule measures in the grating task.
For the face task, the final groups comprised 15 children with ASD
and 16 control subjects. After exclusion of the children who did not
meet the criteria of 25 trials per condition, groups did not differ in
number of trials included in the analysis of the facial emotion task
[t (29) � .34, p � .74]. Neither did the groups differ in sex or chrono-
logical, mental, or verbal age. Separate ERP averages were com-
puted for all subjects for the stimulus conditions of interest (grat-
ings task, HSF/LSF; facial emotion task, HSF neutral, HSF fear, LSF
neutral, LSF fear). Finally, the data were re-referenced to an average
reference.

Data Analysis
Grating Task. With respect to the grating task, we tested

whether there were between-group differences in SF processing as
reflected by the mean area amplitude and peak latency of the P1 to
grating stimuli at occipital electrodes (Oz, O1, and O2; Figures 1 and 2),
because these are leads where maxima were present and effects are
typically seen in healthy adults (12). The P1 mean area amplitudes
and latency were determined using predefined time windows (LSF:
90 –130; HSF: 110 –150) that were based on visual inspection of the
grand averages. Peaks were confirmed by visual inspection and

Figure 2. Voltage scalp distribution maps at 125 msec (P1) for high spatial
frequency (HSF) and low spatial frequency (LSF) gratings for control children
(lower) and for children with autism spectrum disorder (upper). In addition,
the voltage scalp distribution of the difference in event-related potential
amplitude between HSF and LSF is shown (HSF�LSF) at 125 msec. ASD,

autism spectrum disorder.

www.sobp.org/journal
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learly visible in all participants. Amplitudes and latencies were
veraged over the three electrodes and subjected to a 2 (SF, HSF,
SF) � 2 (groups: control subjects, ASD) analysis of variance. Statis-
ically significant interactions were further explored by planned
omparisons. When testing of such interactions failed to reveal
tatistically significant results, these are not discussed.

The Facial Emotion Task. To examine between-group differ-
nces in facial expression processing in each of the two SF catego-
ies, P1 and N170 amplitudes were analyzed (see above). The latter
as not addressed for latency because no effects of SF on emotion
ere seen in the averages for latency (Figure 4) and no effects were

eported in earlier studies (17,19). The mean area amplitude of the
1 was measured at OZ, O1, O2, PO7, and PO8 and N170 amplitude
as measured at P7, P8, PO7, and PO8, where amplitude was max-

mal. Predefined time windows were LSF 95 to 165 and HSF 135 to
05 for P1 and LSF 170 to 270 and HSF 200 to 300 for N170. Clear P1
nd N170 components were observed in all participants.

Hypothesis-driven analyses were carried out to provide sensi-
ive tests of the a priori predictions for each SF type (35). Peak
mplitude was pooled across the involved electrodes and sub-

ected to a 2 (emotion: neutral/fear) � 2 (groups: control subjects,
SD) analysis of variance, separately for HSF and LSF to test the
rediction that emotion processing would be driven by HSF in the
SD group and mediated by LSF in control subjects. Significant

nteractions were further tested using planned comparisons.

esults

rating Task: P1 Amplitude and Latency
Grand averages of the P1 are shown in Figure 1. There was a

ignificant interaction between SF and group [F (1,37) � 9.00, p �
01, �2

p � .20] for P1. Further analysis of this interaction indicated
hat in the ASD group HSF gratings elicited significantly higher P1
mplitudes compared with those in response to LSF gratings [t (21) �
2.12, p � .05, �2

p � .18], whereas in control subjects the pattern
as reversed—LSF gratings evoked higher P1 amplitudes than HSF
ratings [t (16) � 2.30, p � .05, �2

p � .25] (Figures 2 and 3). Com-
arison of P1-HSF amplitudes between groups indicated that this
as mainly due to higher P1-HSF amplitude in the ASD group [t (37) �
1.97, p � .05, one-tailed; �2

p � .10]. With respect to the P1 latency,
here was a main effect of SF, indicating faster latencies for LSF
ompared with HSF irrespective of group [F (1,37) � 27.77, p � .001;

igure 3. Bar graphs of difference scores (�SE) for the mean amplitudes of
he P1 in all stimulus conditions are shown separately for each age group.
SD, autism spectrum disorder; HSF, high spatial frequency; LSF, low spatial

requency; P1, event-related potential peak.
2
p � .10].

ww.sobp.org/journal
Facial Emotion Task: P1 and N170 Amplitudes
Grand averages of the P1 and N170 are shown in Figure 4. As

expected, a significant interaction between group and emotion
was present for both HSF [F (1,29) � 5.83, p � .05; �2

p � .17] and LSF
[F (1,29) � 4.53, p � .05; �2

p � .13] for P1. Importantly, and consis-
tent with the predictions, the emotion effect at the P1 was only
significant for HSF in the ASD group [t (14) � �2.23, p � .05; �2

p �
.26] and for LSF in the control subjects [t (15) � 3.03, p � .01; �2

p �
.40]. More specifically, in children with ASD, fearful faces elicited
higher P1 amplitudes than neutral faces only in the HSF condition,
whereas control children showed higher P1 amplitudes to neutral
than fearful faces, only in the LSF condition (Figures 2 and 4). Chil-
dren with ASD showed no emotion effect in the LSF condition [t (14) �
.84, p � .84] and control subjects did not show an effect in the HSF
condition [t (15) � 1.37, p � .20]. No significant effects were found
for N170 amplitude, also when correcting for differences at the P1.
With respect to the P1 and N170 latency, there was a main effect of
SF, indicating faster latencies for LSF compared with HSF irrespective of
group [P1: F (1,29) � 493.31, p � .001; �2

p � .94; N170: F (1,29) �
128.37, p � .001; �2

p � .82].

Patterns of Brain Activity in Both Tasks
To investigate whether an HSF bias for processing of nonsocial

as well as social stimuli was more prevalent among children with
ASD a post hoc frequency analysis was performed. We counted the
number of children that had 1) larger P1 amplitudes to HSF relative
to LSF gratings and 2) a larger P1 amplitude difference between
neutral and fearful faces (irrespective of sign) in the HSF relative to
the LSF condition. A significantly larger group of children with ASD
(ASD, 40%; control subjects, 6%) showed a co-occurence of an HSF
bias for the processing of gratings as well as the emotional content
of faces (Fisher’s exact test, p � .05).

Discussion

Abnormalities in visual perception in ASD, in particular a more
detailed-oriented perception, are seen as primary or at least con-

Figure 4. Grand-average event-related potentials at pooled electrodes PO7,
PO8, OZ, O1, and O2 in response to high spatial frequency (HSF; black) and
low spatial frequency (LSF; red) fearful (dashed) and neutral (continuous)
faces for both groups. Upper, control group; lower, autism spectrum disor-
der group. In addition, the voltage scalp distribution of the difference in
event-related potential amplitude between fearful and neutral expressions
(fear-neutral) at the P1 peak (LSF, 125 msec; HSF, 185 msec) is shown for
HSFs and LSFs. ASD, autism spectrum disorder; N170, face-specific peak; P1,

event-related potential peak.
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ributory to problems in face processing in ASD (2– 6). However,
here is little knowledge on the role of perceptual abnormalities
nd its influence on face perception in young children with ASD.

In the present study, we investigated a fundamental aspect of
ision that is related to detail perception, namely spatial frequency
rocessing, in young children with ASD using visual evoked poten-

ials to HSF (detailed) and LSF (global) patterns. Results clearly show
nhanced neural activity to HSF than LSF gratings in the early
tages of visual processing (P1) in 3- and 4-year-olds with ASD
ompared with control subjects matched for mental age. This pro-
essing bias for HSF information in the primary visual cortex could
rovide a potential biological explanation for the detail-oriented
erception reported in behavioral studies in children and adults

2– 4) and recently also in young children with ASD (36).
Interestingly, the increased P1 brain activity to HSF compared

ith LSF gratings in children with ASD resembles the activity pat-
erns seen in healthy adults (37– 41). By contrast, and consistent
ith the literature, our young control children showed relatively

mall amplitudes to HSF stimuli (42). The latter effect has been
uggested to reflect relatively late development of the (subcortical)
arvocellular system that carries high contrast and HSF information

42). In light of this literature, the present results might suggest that
he parvocellular system is more mature in 3- to 4-year-old children
ith ASD. However, alternative explanations should also be consid-

red because VEPs are recorded from cortical neurons and these are
ot linked in a one-to-one manner with the parvocellular and mag-
ocellular systems (43). Possibly, children with ASD have other ab-
ormalities in visual cortical areas (e.g., neuronal tuning to a higher

ange of SFs) or show abnormalities in the macular part of the retina
hat is also important for the processing of HSF information.

Notably, all children tested in the present study met strict criteria
or an ASD disorder based on both a parent interview and on a child
bservation instrument and were well matched with control sub-

ects on chronological and verbal age as well as levels of attention
by scoring and correcting for looking behavior). In addition, it is
ery unlikely that group differences found with respect to HSF in
he grating task are caused by differences in acuity or contrast
ensitivity between the groups. The SF range (6 c/d) of the gratings
as well within the range of grating acuity at 3 to 4 years (44) and
ratings were presented at maximal (100%) contrast. Also, all indi-
iduals had normal or corrected to normal vision.

Importantly, the present study indicates that the HSF bias in
patial frequency processing is not restricted to nonsocial (grating)
timuli but also plays an important role in the processing of emo-
ional facial expressions in the same age group. We provide first
vidence that the fast extraction of emotion information from a
ace in the visual cortex (reflected in the P1 amplitude) is driven by
SF information in a group of 3- and 4-year-olds with ASD, whereas

n the control group such emotion processing is driven by LSF (see
lso [17,19]). In agreement with a previous study (27), which indi-
ated that emotion effects at the N170 did not mature until adoles-
ence, we found that emotion did not yet influence the N170 in the
resent age group.

The finding that children with ASD did not show emotion effects
n the LSF condition, as is usually found in healthy participants
16,17,19,32), might be seen as support for theories stating that ASD
atients have a disruption in a fast subcortical processing route that

s known to play an important role in the processing of emotional
xpressions (6,18,45). This route involves the amygdala and is pref-
rentially tuned to LSF because of its excessive magnocellular input
ia the superior collicus and pulvinar (16,17,32). Whereas the be-
avioral literature on face processing abnormalities in ASD is still

ighly contentious (46), in general it indicates that individuals with
ASD are deficient in processing emotional expressions (see for re-
view [47]). By measuring time-sensitive VEPs, our results show that
there is indeed early visual processing of emotional content in 3- to
4-year-old children with ASD but also that this processing is atypi-
cal, as it is based on HSF, i.e., detailed, information. These results
support earlier behavioral evidence showing that emotion and
identity recognition are primarily driven by HSF information in
older children and adults with ASD (6,7,9). The present data dem-
onstrate that this HSF bias in ASD is already present in early child-
hood and might be due to basic visual processing abnormalities in
the brain.

Early tuning toward HSF information in faces might directly
affect the development of the network of brain areas that are in-
volved in face processing. The subcortical LSF face processing route
that was introduced in the previous paragraph has been suggested
to lay the foundation for what later becomes the adult face process-
ing network (18). An early imbalance in the processing of spatial
frequencies, as established in the present 3- to 4-year-old ASD
children, could affect the normal development of such a network
and might have important consequences for the development of
emotion processing or social interaction. The subcortical face pro-
cessing route has also been suggested to be responsible for early
orienting to faces (18). There is evidence that abnormal orienting to
faces in young children with autism relates to the severity of social
symptoms (48,49,50). Such a relation was indirectly confirmed in
the present study by the finding that the number of trials at which
children looked at the screen significantly correlated with social
and communication symptom severity.

Consistent with all previous studies (16,17,19,32) that investi-
gated the influence of SF on emotion processing by measuring
neural activity, we measured responses to neutral and fearful ex-
pressions. Unexpectedly, the control children in the present study
showed enhanced VEP amplitudes in response to neutral, instead
of fearful, faces, whereas in healthy adults the opposite pattern is
found. Thomas et al. (50) reported enhanced amygdala activation
to fearful faces in adults but to neutral faces in children and attrib-
uted this effect to enhanced ambiguity of neutral faces for children.

It must be emphasized that not all children with ASD showed
atypical SF processing in both the grating and emotion tasks, al-
though the percentage of children who did was considerably larger
in the ASD than control group. Recent papers have highlighted the
symptom variability in the ASD population and emphasized the
search for relevant subgroups (51,52). It is important to investigate
in future studies whether subgroups can be discriminated based on
different biases in SF processing. Nevertheless, it can be concluded
that an HSF processing bias for nonsocial (gratings) as well as social
(face) stimuli in ASD is robust across age because the present study,
as well as other studies in later childhood and adulthood (6 –9,12),
all report this bias.

The present findings agree with previous studies that have
noted a detailed processing style in ASD patients. These studies
have, for example, indicated superior performance on tasks that
require local or detailed-focused processing (e.g., embedded fig-
ures task, block-design task) (2– 4). Whether global processing is
also affected in ASD is a subject of ongoing controversy. However,
there is increasing evidence that people with ASD are capable of
global processing (4,53–57) and that deficits in tasks that probe
global processing are related to the detailed processing bias seen in
ASD (4), as well as task instructions and complexity of the stimulus
(53,58,59). In agreement with this, we found an HSF processing bias
for detailed (HSF) relative to global information (LSF) for both social

and nonsocial stimuli in the present study. Furthermore, our find-
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ngs are consistent with theories that situate the mechanism of a
ocal bias at the level of perception (4,60).

In summary, the present study provides the first evidence for a
asic abnormality in visual processing that is directly related to
bnormal face processing in young children with ASD. More specif-

cally, children with ASD showed enhanced brain responses to HSF
nformation in the visual cortex for neutral stimuli (gratings), as well
s for socially relevant information (larger emotion effects in HSF).
he diminished emotion effects in the LSF condition might suggest
hat the rapid subcortical LSF route for facial expression processing
s already affected at an early age in ASD.
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