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Abstract

Objective: Individuals with high functioning autism spectrum disorder (HF-ASD)
often show superior performance in simple visual tasks, despite difficulties in the
perception of socially important information such as facial expression. The neural basis
of visual perception abnormalities associated with HF-ASD is currently unclear. We
sought to elucidate the functioning of bottom-up and top-down visual information
processing in HF-ASD using event-related potentials (ERPs). Methods: Eleven adults
with HF-ASD and 11 age-matched normal controls (NC) participated in this study.
Visual ERPs were recorded using 128-channel EEG. The P1 and P300 were recorded in
response to target stimuli. Visual mismatch negativity (VMMN) potentials were
obtained by subtracting responses to standard from those to deviant stimuli. Results:
Behaviorally, individuals with HF-ASD showed faster target detection than NCs.
However, vYMMN amplitude and latency were the same between the two groups. In
contrast, P1 and P300 amplitudes were significantly decreased in HF-ASD compared
with NCs. In addition, P300 latency was significantly delayed in HF-ASD.
Conclusions: Individuals with HF-ASD exhibit altered visual information processing.
Intact bottom-up attention (vVMMN) may contribute to their superior simple visual task
performance in spite of abnormal low-level (P1) and top-down (P300) visual

information processing.
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1. Introduction

Autism spectrum disorder (ASD) is a developmental neuropsychiatric disorder

characterized by deficits in socialization, communication, and repetitive/stereotyped

behaviors. Over the past several decades, extensive studies using various genetic,

neurobiological, cognitive and behavioral approaches have sought a single explanation

for the heterogeneous manifestations of ASD, but no consensus on the etiology of ASD

has emerged (Happé et al., 2006). Although there are prominent symptoms of ASD

within the social domain, several researchers have proposed that abnormalities also

exist in basic (lower-level) sensory processing as well as attention and cortical

(higher-level) processing (Dakin and Frith, 2005; Mottron and Burack, 2001; Tuchman

and Rapin, 2006). Indeed, a number of studies have shown atypical performance of

individuals with ASD in a wide range of perceptual tasks (e.g. for a review, Mottron et

al., 2009). In terms of research findings in the visual modality, evidence emerging over

the past few decades has indicated that ASD is associated with both unique abilities

and unique deficits in higher-level visual processing (Dakin and Frith, 2005). For

instance, individuals with ASD generally perform well on the Wechsler Intelligence

Scale for Children (WISC) Block Design test (Shah and Frith, 1983, 1993), the

embedded figures test (Jolliffe and Baron-Cohen, 1997), visual search (Plaisted et al.,

1998), and copying impossible figures (Mottron et al., 1999). In contrast, their
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performance tends to be poor for detecting biological motion (Blake et al., 2003),
integrating rapid visual motion (Gepner and Mestre, 2002), and perceiving coherent
motion (Spencer et al., 2000). These findings have often been interpreted from the
viewpoint of local vs. global processing (Frith, 1989; Happé, 1999; Mottron and
Burack, 2001; Plaisted, 2001). One persuasive theoretical account to explain the range
of abilities and deficits characterizing ASD is ‘weak central coherence’ (WCC). This
theory proposes that the bias toward detail-focused, local processing over global
processing results in a failure to extract global form/meaning (Happé and Frith, 2006).
Alternatively, the concept of top-down and bottom-up attention may be related to the
peculiar visual task performance of individuals with ASD. At present a conclusive
explanation remains unclear due to the limited time resolution of the psychobehavioral
techniques used so far.

Visual sensory information is first processed at a low level, with information
flowing from the retina to the primary visual cortex (V1). The information then passes
into a higher level of neural processing. It is well known that the P1 (i.e. the first
positive peak from the stimulus onset) reflects the lower-level visual information
processing stage (i.e. V1 or earlier; for a review, Tobimatsu and Celesia, 2006). Previous
studies have suggested that lower-level visual information processing may be affected in

ASD, because affected individuals exhibit a decreased and delayed P1 (Taylor et al.,
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2001; Itier and Taylor, 2002, 2004; Webb et al., in press; Hoeksma et al., 2004, 2006;

Boeschoten et al., 2007; O’Conner et al., 2005). Alternatively, selective attention may

be involved. Selective attention is the process whereby a subset of the input is selected

preferentially for further processing, and has two major aspects: bottom-up attention

and top-down attention. Bottom-up attention is elicited or driven by the properties of

stimuli automatically whereas top-down attention refers to a volitional focusing of

attention on a location and/or an object based on current behavioral goals (Ciaramelli et

al., 2008). These streams can operate in parallel but bottom-up attention occurs more

quickly than top-down attention (e.g. Treisman et al., 1992)..Event-related potentials

(ERPs), which have the benefit of a very high temporal resolution (in the order of

milliseconds), are an appropriate technique for recording electrophysiological signals

from the scalp. ERPs allow us to temporally characterize human sensory information

processing. Two specific components of the ERP, the visual mismatch negativity

(vVMMN) and the visual P300, are candidates for biomarkers of bottom-up and top-down

attention, respectively (Maekawa et al., 2005, 2009). To the best of our knowledge,

there have been no ERP studies focusing on the bottom-up and top-down attention in

ASD. Therefore, the aim of this study was to characterize visual information processing

in high functioning ASD (HF-ASD) individuals, to determine whether or not bottom-up

and/or top-down attention is affected by the disorder. To this end, we measured early
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visual ERP components including the P1 and P300, as well as the vMMN.

2. Methods

2.1. Participants

Eleven individuals with HF-ASD (eight males and three females, aged 18-40

years, mean age 28.0), and 11 healthy controls (HCs) matched for chronological age

(CA) and sex (four males and seven females, aged 20-38 years, mean age 28.9)

participated in the study. The HF-ASD group included six individuals with Asperger’s

disorder, three individuals with autistic disorder, and three individuals with a pervasive

developmental disorder not otherwise specified (PDD-NOS). The HF-ASD participants

were diagnosed by a research team including a general psychiatrist experienced in the

field (T.M.), an experienced child psychiatrist (Y. K.), and a licensed clinical

psychologist (N. 1.) according to the DSM-IV-TR criteria (APA, 2000) based on

clinical interviews with participants and/or parents using semi-structured interviews

validated for Japanese PDD populations (Tani et al., 2009; Kamio et al., 2006).

Diagnostic agreement among the team was obtained for all participants. The NC

participants (NC group) were recruited from the general public, and their NC status

was confirmed by interviews. The intellectual function of HF-ASD participants was

evaluated using the Japanese versions of the Wechsler Adult Intelligence Scale
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(WAIS-R or WAIS-111).

Informed consent was obtained from all participants. The experimental

procedures were approved by the ethics committee of the Graduate School of Medical

Sciences, Kyushu University.

2.2. Visual stimuli and procedures

Visual stimuli, apparatus, procedures, and EEG recordings except for the EEG

machine were the same as in our earlier studies of healthy adults (Maekawa et al., 2005,

2009).

Circular black-white windmill patterns with 90% contrast were presented on a

20-inch CRT monitor, controlled using a ViSaGe graphics board (Cambridge Research

Systems, UK). The visual stimulus subtended 5.8° of visual angle in diameter at a

viewing distance of 114 cm. Participants were seated comfortably in a semi-dark room.

The participants were instructed to focus on a story delivered binaurally through

earphones while looking at the center of the monitor, and to press a button with their

right thumb as soon as they recognized a target stimulus on the monitor. Between the

stimulus runs, they were asked to fill out a questionnaire about the context of the story

that they had heard.

Standard, deviant, and target stimuli were presented in a random order for 200
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ms on the computer monitor (Fig. 1). The inter-stimulus interval (ISI) was 800 ms.

Stimulus probabilities were 80% (standard), 10% (deviant) and 10% (target).

(Fig. 1)

N\

N

6 vanes windmill pattern 24 vanes windmill pattern white circle (target stimulus)

ERP recordings were composed of two sessions. One session had a windmill

pattern with six vanes as the standard, 24 vanes as the deviant, and a non-patterned

white circle as the target stimulus. In the other session, a six-vane windmill pattern was

adopted as the deviant and a 24-vane pattern as the standard stimulus. The target

stimulus was the same in both sessions.

2.3 ERP recordings

ERPs were recorded from 128 scalp sites referenced to Cz, using a

high-density electroencephalography (EEG) system. EEG data were analyzed using a

dense array EEG workstation (Net Station, Electrical Geodesics, Inc., USA). All 128

electrodes were attached with a sensor net (Net Station, Electrical Geodesics, Inc.,

USA). The impedances of all electrodes were maintained below 50 kQ. EEG was

7



continuously digitized at 500 Hz per channel and stored on a computer hard disk using

a 0.05-200 Hz on-line filter. EEG data were filtered off-line with a bandpass of 0.5-30

Hz. Digital codes synchronized to the stimulus onset were also stored. At the end of the

experiments, EEG epochs of 600-ms duration (100 ms pre-stimulus, 500 ms

post-stimulus) associated with each stimulus type were extracted from the continuous

record. Epochs contaminated by electro-oculograms, blinks, or muscle artifacts

exceeding an artifact rejection threshold of +70 uV were discarded automatically.

Artifact-free epochs were then segregated by stimulus codes and averaged for each

subject. The amplitudes of the ERPs were measured relative to a 100-ms prestimulus

baseline. The grand average across all subjects in each stimulus condition was also

computed. To compare our findings with those of previous studies (Maekawa et al.,

2005, 2009), a re-reference was applied using the average of the two electrodes beside

the nose (electrodes 126 and 127). Eye movements and blinks were measured from

bipolar electrodes placed above and below the eyes (right; electrodes 14 and 126, left;

electrodes 21 and 127).

2.4. Data analysis

2.4.1. Behavioral performance

To characterize degree of attention, the accuracy of participants’ answers to
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questions about the story was evaluated. Questionnaires consisted of 40 questions, for

example “What was the name of the hero?” or “How many persons participated in the

operation?” In addition, reaction time (RT) and accuracy for the target stimuli were

also measured as indices of participants’ task performance.

2.4.2. ERP data

Difference waveforms were constructed by subtracting the waveforms in

response to the standard stimuli, from that to the deviants. Topographic distributions

were inspected to verify that the vVMMN was at its maximum at the Oz electrode,

where the VMMN is typically largest. vVMMN amplitude was calculated for each

participant 150-350 ms from the stimulus onset. Lower-level information processing

was assessed using the P1, N1, P2 and N2 components at Oz. Top-down attention was

evaluated by the P300 for the target stimulus at Pz. The amplitudes of major

components for each stimulus were measured relative to baseline. Peak latencies and

amplitudes were then compared between HF-ASD and NC groups using student’s

t-tests.

3. Results

Although the behavioral performance of all participants was successfully
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measured, EEG data from two participants in each group were excluded from the ERP

analyses because of excessive artifacts in their ERP recordings. Following these

exclusions, there were nine participants’ in each group. Although the gender ratio

appeared to be quite different between the two groups (i.e. female to male ratio in

HF-ASD was 7:2 and that in NC was 4:5), there were no significant between-group

differences in sex ratio (Fisher’s exact test, P = 0.33), or CA (unpaired t-test, P = 0.29).

The HF-ASD participants exhibited 1Q within the normal range (mean verbal 1Q,

102.8 + 14.3, range 90-125 ; mean performance 1Q, 108.9 + 13.9, range 91-136 ; mean

full scale 1Q, 107.0 + 14.5, range 91-134). The information subscale of the WAIS-R or

WAIS-111 was adopted to estimate intellectual functioning. No significant difference

was found between the two groups on this subscale (12 + 3.7 vs. 13.6 £ 1.9,

respectively).

3.1. Performance data

There was no significant difference in mean accuracy rate for questions

related to the story context between the HF-ASD and NC groups (97.0vs. 96.9 %,

respectively), confirming that both groups cooperated successfully and paid a high

level of attention to the story. There was no significant difference in target stimulus

detection accuracy between the two groups (92.5 + 6.3 vs. 92.1 £+ 4.7%, respectively).
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However, the HF-ASD group showed significantly shorter RTs than the NC group

(374.2 £ 36.6 vs. 410.4 £ 40.6 ms, respectively. P < 0.05).

3.2. ERPs

Grand averaged waveforms of ERPs in response to each stimulus are shown in
Fig. 2. A positive (P1)-negative (N1)-positive (P2) deflection was elicited equally by
each stimulus type, and was maximal at Oz (see Fig. 2A). Peak amplitudes and
latencies of the P1, N1, P2, N2, and P300 in response to each stimulus type are
summarized in Table 2. P1 amplitude in response to standard and deviant stimuli in the
HF-ASD group was significantly smaller than in NCs (for standard; t(16) = -2.47, P <
0.05, for deviant stimuli; t(16) = -2.79, P = 0.013). However, there was no significant
difference in P1 amplitude for target stimulus between the two groups. There was also
no statistical difference in P1 latency for each stimulus type between the two groups
(see Table 1, Fig. 2A). There were no significant differences between the groups in the
latencies and amplitudes of the N1 and P2. The mean peak amplitude of the P300 in
the HF-ASD group were significantly smaller than that of NC group (t(16) = -2.73, P
=0.015). In addition, the mean peak latency of the P300 in HF-ASD group was
significantly prolonged compared with that of the NC group (t(16) = 2.91, P = 0.010)

(Fig. 2B).
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Although vMMN was clearly exhibited at the occipital and posteriotemporal

electrodes in both groups, there was no statistical difference in either the peak latency

or mean amplitude between groups (Table 1, Figs. 2 C and 3).

(Figs. 2)
A. ERPs (0z) B. ERPs (Pz)
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= = == Standard (NC) Target (ASD)
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C. Difference waveforms (Deviant — Standard)
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(Table 1)

Mean latencies (ms) and amplitudes (wV) of the P1, N1, P2, N2, P300 in NC and HF-ASD groups.

Stimuli ERP peaks Latency (SD) Amplitude (SD)
NC ASD NC ASD

Standard P1 96.0 (11.9) 94.4 (12.8) 5.7 (2.8) 2.9 (1.8)*
N1 140.2 (15.2) 137.6(22.1)  -1.6(3.7) -2.6 (5.0)
P2 2249 (18.3) 218.4(29.0) 85 (4.0) 7.5 (4.1)

Deviant P1 97.1(12.5)  95.1(16.8) 6.1(2.7) 3.0 (1.9)*
N1 141.3 (169) 1353 (26.0) -2.2(2.8) -2.5 (4.9)
P2 2247 (16.2)  205.3 (21.9) 7.7 (3.9) 7.3(5.2)
N2 293.1(18.8) 287.8(337)  1.9(2.4) -0.1 (4.2)

Target P1 118.4 (5.6)  121.8(5.8) 8.5 (4.4) 6.3 (3.4)
N1 162.5(10.6) 167.3(13.1)  -1.0(24) -3.0 (4.9)
P2 191.0 (11.5)  200.0 (8.0) 1.6 (1.4) 0.8 (4.7)
P300 392.0 (11.9) 4124 (174)* 143(1.9)  10.2 (4.1)*

Difference vMMN 274.2 (27.9) 268.7 (28.1) -2.4 (0.8) -2.2(14)

(Deviant-Standard)

(*P <0.05)
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(Figs. 3)
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4. Discussion

The major differences we found between the HF-ASD group and the NC

group are summarized as follows. In HF-ASD individuals, 1) behavioral target

detection was significantly faster, 2) the P1 response (80-120 ms) to standard and

deviant stimuli was significantly smaller, 3) the P300 latency (300-500 ms) was

significantly prolonged and its amplitude was decreased and 4) both the mean

amplitude and latency of vMMN (150-300 ms) were within the normal range. These

findings suggest that individuals with HF-ASD exhibit differences in perceptual
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integration, with a unique electrophysiological processing pattern. Namely, this group

exhibits abnormal lower-level (P1) and top-down attentive processing (P300) while

bottom-up processing (VMMN) appears to be intact. In the following section, we will

discuss the pattern of unusual electrophysiological activity we observed in HF-ASD

individuals in terms of bottom-up and top-down attention.

4.1. Abnormal lower visual level processing

The reduced P1 amplitude we observed in the HF-ASD group in our study

suggests abnormalities in lower-level visual processing, in accord with previous reports

(Taylor et al., 2001; Itier and Taylor, 2002, 2004; Webb et al., in press; Hoeksma et al.,

2004, 2006; Boeschoten et al., 2007; O’Conner et al., 2005). Boeschoten et al. (2007)

focused on the effect of spatial frequency (SF). They examined early visual sensory

processing in HF-ASD children using two types of horizontal grating stimuli. They

found that P1 responses evoked by both low (0.75 cycles/deg or four bars) and high SF

(6 cycles/deg or 32 bars) gratings were significantly decreased in the HF-ASD group

compared with control children. The authors suggested that atypical social perception

and recognition (including deficits in face processing) in ASD may be caused by more

fundamental lower-level visual processes. In accord with this report, we also found that

HF-ASD individuals exhibited a significantly smaller P1 in response to windmill
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patterns of both low (6-vane) and high (24-vane) SF, but not in response to unpatterned

stimuli. Therefore, our findings are consistent with the results of Boeschoten et al.

(2007), which suggested that abnormal lower level visual information processing was

also exhibited by HF-ASD adolescents and adults.

Our interpretation is in accord with previous findings showing that

hierarchical face processing is differentially influenced by the removal of high and low

SF content, (Badcock et al., 1990; LaGasse, 1993; Boeschoten et al., 2005; Goffaux et

al., 2003, 2005; Ruiz-Soler and Beltran, 2006). Thus, the local visual processing biases

often found in ASD (e.g., Dankin and Frith, 2005; Happé and Frith, 2006; Mottron et

al., 2006; Behrmann et al., 2006b) may be related to abnormal early processing of SF.

Furthermore, abnormal processing of low SF stimuli was also found in our study.

Namely, we found that HF-ASD individuals exhibited decreased P1 amplitude in

response to 6-vane windmill patterns. This could be related to the abnormal face and

emotion recognition often reported in ASD (Braverman et al., 1989; Hobson and Lee,

1989; Baron-Cohen et al., 1999; Critchley et al., 2000; Wang et al., 2004; Dawson et

al., 2004), because low SF information is important for both face recognition and

emotion perception (Tanskanen et al., 2005; Vuilleumier et al., 2003; Pourtois et al.,

2005).
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4.2. Distinct electrophysiological features of HF-ASD

To our knowledge, this is the first report of vMMN in an HF-ASD group.

However, there have been several previous MMN studies in the auditory modality

(Ceponiene et al., 2002, 2003; Dunn et al., 2008; Kuhl et al., 2005; Lepisto et al., 2005,

2006, 2008, 2009). Kuhl et al. (2005) found that the children with ASD showed a

normal MMN to changes in non-speech sounds, but showed no MMN in response to

changes in speech syllables. In general, the majority of autistic children preferred to

listen to non-speech sounds, thus demonstrating an association between cortical

processing of language and behavior (Kuhl et al., 2005). In the current study we found

that vVMMN in response to a non-social stimulus (a windmill pattern) was preserved.

This finding suggests that the preattentive visual information processing involved in

detecting subtle changes in the visual environment is intact in HF-ASD.

On the other hand, the P300 in individuals with HF-ASD was significantly

smaller than that of NCs in the present study. There have been a small number of

studies examining the visual P300 in ASD (see for a review, Jaste and Nelson, 2009).

In addition, there have been several reports showing a smaller auditory P300 in ASD,

despite normal behavioral performance (e.g. Ciesielski et al., 1990; Lincoln et al.,

1993). These findings for auditory tasks imply that individuals with ASD have altered

cortical processing that may interfere specifically with speech sounds but not pitch
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sounds. In light of these previous findings, we expected that individuals with HF-ASD

would show intact vVMMN and smaller a P300 in response to a non-social stimulus

such as a visual windmill pattern. Several previous studies demonstrated a smaller

visual P300 in children with ASD (Gomarus et al., 2009; Gunji et al., 2008; Hoeksma

et al., 2004, 2006; Kemner et al., 1999; Verbaten et al., 1991; Pitchard et al., 1987).

However, there the P300 findings in adults with HF-ASD have not been consistent.

Courchesne et al. (1985a, b, 1989) and Hoeksma et al. (2004, 2006) reported a normal

P300 in HF-ASD adults, while Townsend et al. (2001) found a significantly reduced

P300. In addition, Hoeksma et al. (2006) found smaller P300s in response to a

rectangle discrimination task in children with HF-ASD, but a normal P300 in adults

with HF-ASD in the same task. These findings suggest that an abnormal P300 in

children with ASD may be accompanied by abnormal selective attention, but that

normalization of P300 may occur by adulthood. Thus, Hoeksma et al. (2006)

interpreted their results as showing that the P300 may be an index of a compensatory

process. In the present study, the P300 was significantly decreased and delayed in an

HF-ASD group, in direct contrast to the findings of Hoeksma et al. (2006). It is

possible that windmill pattern stimuli are more sensitive in the detection of altered

visual functioning than other visual stimuli such as the rectangle used in the earlier

study.
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4.3. Bottom-up attention may compensate top-down processing

Although a number of neuropsychological studies have investigated the neural

mechanisms of both bottom-up and top-down attention, it is currently unclear whether

aspects of these mechanisms are affected in HF-ASD. Our vMMN results suggest that

bottom-up attention is relatively preserved in this condition, while the abnormal P300

we observed indicates that top-down attentional processing is impaired (Maekawa et

al., 2005). Interestingly, individuals with HF-ASD showed faster behavioral target

detection than NCs. Taking behavioral and neurophysiological findings into account,

we assume that preserved bottom-up attention could cause faster target detection in our

participants. There are several lines of evidence for atypical visual information

processing in ASD from both neurophysiological and neuroimaging studies (see Jaste

and Nelson, 2009 for a review; Miuller, 2008). Superior visual performance has been

more commonly observed in ASD than in other developmental cognitive disorders (see

Mottron et al., 2009 for a review). Although several hypotheses (including WCC

theory; Frith, 1989) have been proposed to explain this discrepancy, it remains unclear

why autism is associated with superior visual task performance. Our findings may

indicate that adolescents and adults with HF-ASD may exhibit involuntary or

automatic processing in VMMN tasks. This idea provides a new hypothesis regarding

altered visual information processing underlying the visual task performance
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advantage found in HF-ASD.

4.4. Methodological reservations

Although the difference in the gender ratio between groups was not

statistically significant, a possible effect of the trend towards a difference should still

be considered. A number of studies have demonstrated mixed gender effects on visual

and auditory oddball ERPs. Lower amplitudes in males and shorter latencies in females

of early VEP components including the N50, P100, N100 and N200 have been

previously reported (Ehlers et al., 2001; Mitchell et al., 1987). Hoffman and Polich

(1999) found that females exhibited a larger P300 component than males. However,

other studies contradicted this finding, showing no significant gender difference in

visual P300 (e.g. Steffensen et al., 2008; Rozenkrants and Polich, 2008). Thus, gender

was unlikely to have significantly affected the results of the present study.

Conclusion

The present study is the first report focusing on bottom-up and top-down

attention in HF-ASD using vVMMN and the P300. Our results suggested that bottom-up

involuntary attention is unaffected in HF-ASD, while lower level and top-down visual

information processing are impaired in the condition.
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Figure legends

Fig.

Fig.

1. Three stimulus types used in the present study; six-vane circular black-white

windmill pattern stimulus (A), 24-vane stimulus (B) and unpatterned white circle

stimulus (C). The two windmill pattern stimuli were adopted as standard or

deviant stimuli (their probabilities were changed between sessions each other) and

the white circle was always used as the target stimulus. Probabilities of standard,

deviant and target stimuli were 8:1:1, respectively.

2. Grand averaged waveforms of ERPs in each group. (A) Waveforms for standard

stimuli (NC; thick dotted line, ASD; thick solid line) and for deviant stimuli (NC;

thin dot line, ASD; thin solid line) at Oz. (B) Waveforms for target stimuli at Pz

(NC; dotted line, ASD; solid line). While P300 latencies did not show any

significant differences between the two groups, P300 amplitudes in ASD were

significantly smaller than those of the NC group (P < 0.05). (C) Difference

waveforms from responses to standard stimuli relative to responses to deviant

stimuli at Oz. (NC; dotted line, ASD; solid line). There were no statistically

significant differences in the mean peak latency and amplitude of vYMMN between

the two groups.
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Fig. 3. Topographical maps of the vMMN (Oz) and P300 (Pz) in each group. Upper
panel shows the topography of difference activity from standard to deviant stimuli
of each group at VMMN peak latency. Although there was no statistically
significant difference in the mean amplitude of the vMMN between the two
groups, the amplitude gradient of the NC group appears to be steeper than in the
ASD group. Lower panel shows the amplitude gradient of topography of response
for target stimuli in each group at the P300 peak latency. The amplitude gradient
of the NC group is steeper than that in the ASD group, which roughly corresponds

to the statistically significant differences (Table 1).
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