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Abstract

Although atypical sensory processing is a core feature of autism spectrum disorder (ASD), there is considerable 

heterogeneity among ASD individuals in the modality and symptoms of atypical sensory processing. The present 

study examined visual processing of children with ASD, focusing on the complexity and orientation of visual 

information. Age- and -IQ-matched Korean children (14 ASD and 14 typically-developing (TD) children) received 

an orientation discrimination task involving static spatial gratings varied in complexity (simple versus complex) and 

orientation (horizontal versus vertical). The results revealed that ASD children had difficulty perceiving complex 

information regardless of orientation, whereas TD children had more difficulty with vertical gratings than horizontal 

gratings. Thus, group-level differences between ASD and TD children appeared greater when gratings were 

presented horizontally. Unlike ASD adult literature, however, ASD children did not show superior performance on 

simple gratings. Our findings on typical and atypical processing of ASD children have implications for both 

understanding the characteristics of ASD children and developing diagnostic tools for ASD.
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1. Introduction

Autism spectrum disorder (ASD) is a complex 

neurodevelopmental disorder. In addition to social and 

communication impairments and restricted interests and 

repetitive behaviors, individuals with ASD show atypical 

sensory processing (American Psychiatric Association, 

2013). However, there is considerable heterogeneity 

among ASD individuals in the modality (e.g., vision, 

audition, or touch), direction (e.g., superior or impaired 

performance compared to non-ASD individuals), and 

symptom (e.g., impaired or enhanced low-level visual 

discrimination, impaired mid-level or high-level visual 

discrimination, etc.) of atypical sensory processing (for 

review, see Marco et al., 2011; Waterhouse et al., 2016). 

Understanding characteristics of atypical sensory 

감성과학
제21권 2호, 2018
<연구논문>

pISSN 1226-8593
eISSN 2383-613X

Sci. Emot. Sensib.,
Vol.21, No.2, pp.125-136, 2018

https://doi.org/10.14695/KJSOS.2018.21.2.125



126  Mee-Kyoung Kwon․Hee-Jung Chung․Hyunjoo Song

processing of ASD, therefore, would be critically important 

not only for research purposes but also for developing 

diagnostic tools or treatments for ASD. The present study 

focuses on the characteristics of low-level visuo-spatial 

information processing in school-aged ASD children.

2. Atypical Visual Processing

2.1. Complexity-Specific Hypothesis

An explanation for this atypical visual processing is 

the complexity-specific hypothesis. According to the 

complexity-specific hypothesis, individuals with ASD are 

particularly impaired with complex (also called second- 

order or texture-defined) information, whereas their 

sensitivity to simple (also called first-order or luminance- 

defined) information is intact (Bertone & Faubert, 2006; 

Bertone et al., 2003; 2005). The original studies (Bertone 

et al., 2003; 2005) focused on adults and demonstrated 

that when asked to discriminate the orientation (horizontal 

or vertical) of a given spatial grating, adults with ASD 

had difficulty with complex spatial gratings compared to 

normal adults, regardless of whether the gratings moved 

or were static. In contrast, ASD adults’ sensitivity to simple 

gratings was either intact (with dynamic motion, Bertone 

et al., 2003) or even superior (with static stimuli, Bertone 

et al., 2005; but also see Meilleur et al., 2014 for no 

group differences with static stimuli). Bertone and his 

colleagues proposed that ASD adults’ impaired processing 

of complex visual information and intact processing of 

simple visual information are related to distinguished brain 

areas processing information with different levels of 

complexity. ASD adults’ atypical brain processing was 

also supported by brain studies (Dumoulin et al., 2003; 

Ellemberg et al., 2003; Vandenbroucke et al., 2008). 

2.2. Studies of Children with ASD

Unlike adult literature, however, little has been known 

about whether children with ASD also show difficulty 

in processing complex visual information. A recent study 

(Rivest et al., 2013) tested the complexity-specific 

hypothesis with 6-to-11-year-old children with ASD and 

found mixed results. At brain-level, their findings 

supported the complexity-specific hypothesis by showing 

that unlike typically developing (TD) children, ASD 

children did not show reliable enhancements of brain 

activity in response to complex static gratings relative 

to simple static gratings. However, this atypical 

processing for complex static gratings was not observed 

at a behavioral level in the same test session. Moreover, 

the superior performance on simple static gratings found 

in ASD adults (Bertone et al., 2005) was not observed 

in ASD children, either.

Taken together, although children's literature has 

provided partial evidence to support the complexity- 

specific hypothesis, it is not clear whether children with 

ASD show atypical processing of complex information 

at the behavioral level and/or have superior/intact 

processing of simple information that was reported in 

adult literature. Examining this question would provide 

useful information for both research and clinical 

purposes, considering the fact that clinical diagnosis and 

treatments of ASD are mostly made based on behavioral 

characteristics.

3. Factors to Consider for Studies with 

ASD Children

There are a couple of factors needed to be considered 

to examine visual processing of children with ASD. First, 

prior studies on typically developing (TD) children 

suggest that there are developmental changes in visual 

processing (Armstrong et al., 2009; Bertone et al., 2008; 

Ellemberg et al., 2003; Parrish et al., 2005) and differential 

developmental changes for processing simple and 

complex visual information (Bertone et al., 2008; 

Ellemberg et al., 2003). For example, Bertone et al. 

(2008) found that the maturation of a visual mechanism 
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mediating complex (texture-defined) information continued 

to adolescence, whereas the sensitivity to simple 

(luminance-defined) information approached adult levels 

by 12 years of age. Even though these studies tested 

TD children alone, the characteristics of visual processing 

in ASD children could also be different from those in 

adults with ASD.

Another possible factor related to visual perception of 

children with ASD is their sensitivity to object 

orientation. Many studies using simple stimuli in various 

orientations showed that individuals with ASD 

demonstrate atypical processing for particular orientations, 

although the orientations with atypical processing were 

varied across studies. For example, some studies 

reported that ASD children showed an inferior ability 

to detect a vertical bar over Gaussian noise (Sanchez- 

Marin & Padilla-Medina, 2008) or impaired orientation 

discrimination ability along vertical axes (Sysoeva et al., 

2015). In contrast, another children’s study (Wilkes et 

al., 2015) reported that children with ASD showed greater 

phase lag during vertical smooth pursuit. 

Adult literature also provides inconsistent findings. For 

instance, a study on normal adults alone (Gottsdanker 

& Tietz, 1992) showed that when asked to discriminate 

line lengths, reaction times for horizontal lines were 

faster than reaction times for vertical lines. Two studies 

on ASD adults’ sensitivity to spatial contrast also 

reported different results potentially depending on the 

orientation of spatial gratings. A study using horizontal 

gratings (Koh et al., 2010) reported no differences of 

performance between the ASD and TD groups, whereas 

another study using vertical gratings (Keita et al., 2014) 

reported differences of performance between the ASD 

and TD groups. Taken together, despite evidence 

supporting the complexity-specific hypothesis from adult 

studies, multiple factors such as the complexity and 

orientation of stimuli could serve atypical visual 

processing of individuals with ASD. 

Given potential developmental changes for processing 

simple and complex visual information between children 

and adults (Bertone et al., 2008), the effects of multiple 

factors should also be examined in children with ASD 

as an independent study.

The present study examined the characteristics of 

visual information in ASD children. Consistent with 

Rivest et al. (2013), we tested school-aged children ASD 

with and compared their performance with Age-and- 

IQ-matched TD children. Unlike prior studies only 

focusing on one feature (e.g., complexity or orientation), 

our research attempts to examine both effects of 

complexity and orientation within the same experiment. 

Given potential effects of the orientation of spatial gratings 

on the performance of ASD and/or TD individuals, we 

hypothesized that children with ASD would show 

atypical processing for complex gratings at a behavioral 

level, when the effect of the orientation of spatial gratings 

is considered in analysis. 

We selected static spatial gratings as our stimuli for 

two reasons. First, according to literature on adults with 

ASD (Bertone et al., 2003; 2005) behavioral differences 

between ASD and non-ASD individuals are more evident 

with static stimuli than dynamic stimuli. With static 

stimuli, ASD individuals show superior sensitivity to 

simple visual information and lower sensitivity to 

complex visual information compared to non-ASD 

individuals (Bertone et al., 2005). In contrast, with 

dynamic stimuli, ASD individuals show intact sensitivity 

to simple visual information, although their sensitivity 

to complex visual information is lower than that of 

non-ASD individuals (Bertone et al., 2003). Second, 

atypical visual processing for static stimuli was not 

observed in a recent study in children with ASD (Rivest 

et al., 2013) at the behavioral level, despite some 

evidence at the brain level. Given these inconsistent 

findings, we thought static stimuli would uncover 

developmental differences in visual processing between 

childhood and adulthood if they do exist. Given the 

results from literature on the heterogeneity among ASD 

individuals in atypical sensory processing (Marco et al., 

2011; Waterhouse et al., 2016), we, thus, examined 

individual differences within ASD children, as well as 

group-level differences between ASD and TD children.
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4. Method

4.1. Participants

Participants were 14 children with ASD (13 boys; 

mean age=8.41 year; SD=1.70, range=6.0 to 12.05) and 

14 TD children (12 boys; 8.13 year; SD=1.46, range=6.0 

to 10.09, Mann–Whitney U=95, Z=.115, p=.910 for the 

comparison of the mean ages of the two groups) whose 

primary language was Korean and who did not have 

known vision or hearing problems. The mean age of each 

group did not differ across the two groups (Mann–

Whitney U=72, Z=.299, p=.764), when only boys were 

included in the analysis. Written informed consent was 

obtained from a parent of each child. 

Before receiving our experimental task, each child 

received a diagnosis by a pediatrician or / psychiatrist 

at a children’s hospital or psychiatric office. Diagnosis 

was conducted using either childhood autism rating scale 

(CARS, Chlebowski et al., 2010) (cutoff=30) or childhood 

autism screening test (CAST, Allison et al., 2007) 

(cutoff=15) with Korean Wechsler Intelligence Scale for 

Children-third or fourth Edition (K-WISC-III, Kwak et 

al., 2001, or K-WISC-IV, Kwak et al., 2011) as well 

as additional developmental/clinical tests as decided by 

the pediatrician/psychiatrist. 

Since different institutions used different versions of 

WISC test or different rating scales, our research team 

assessed general intelligence of all participants again by 

using K-WISC-IV and reported the results in this paper. 

Every child had a total (full-scaled) IQ score above 73 

and there was no significant group difference in total 

IQ score (for the ASD group, mean=90.14, SD=14.33; 

for the TD group, mean=97.07, SD=10.90, p=.164). 

4.2. Orientation-Identification Test

4.2.1. Stimuli

To test children’s ability to discriminate simple and 

complex visual information, we adapted a static version 

of Bertone et al.’s (2005) orientation-identification task. 

In this task, either a set of simple or complex static 

gratings were presented on a monitor of LG IBM laptop 

(14 inch, 1152 × 870 pixels, 75 Hz refresh rate) either 

horizontally or vertically. All static spatial gratings were 

0.75 cycle per degree (c/deg) presented within a circular 

area subtending 10o at a viewing distance of 57 cm. Our 

simple and complex stimuli, their Lmin and Lmax values 

and the mean luminance of the background, were 

identical to those used in Bertone et al.’s (2005), except 

that we only used 3 out of their 6 modulation levels 

for each of the simple and complex conditions (see 

Bertone et al., 2005 for details on stimuli and 

mathematical formula) to decrease the number of total 

trials. For simple stimuli 0.10, 0.035, and 0.0125 

luminance modulation levels were selected and for 

complex stimuli 1.0, 0.250, and 0.067 contrast 

modulation levels were selected. Each modulation level 

was used for 6 trials during the main test session and 

the order of each trial was randomized by a computer 

program within a participant. Gamma correction was 

performed once before the testing session to minimize 

the nonlinearities in the display. All stimuli were created, 

presented and controlled by using MATLAB 

(www.mathworks.com) and Psychophysics toolbox 

(Brainard, 1997). 

4.2.2. Procedure

To minimize the fatigue effect after taking the IQ test, 

the orientation-identification task was given on the 

second day. Each child was tested individually in a quiet 

room and was asked to report the orientation (horizontal 

or vertical) of each grating set presented on a monitor 

by pressing one of the right or top arrow keys. To 

examine the effects of complexity, as well as orientation 

of spatial gratings, each set was composed of either 

simple or complex gratings, although the complexity of 

each set was not explicitly informed to the participant 

as consistent with Bertone et al.’s (2005) original study. 

Our pilot study showed that the threshold method used 
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in prior studies (Bertone et al., 2003, 2005; Meilleur et 

al., 2014; Rivest et al., 2013) required hundreds of trials 

for young children to meet a 75% correct level, similar 

to prior study using 200 trials (Rivest et al., 2013). To 

minimize fatigue and practice effects, we gave every 

child a shorter version of the orientation-identification 

task with 5 practice trials followed by 36 main trials. 

Instead of the threshold, we measured both mean 

accuracy and median reaction times which is known to 

reflect processing speed even when the ceiling effect 

exists for accuracy, and to be appropriate for the 

asymmetrical distribution of values, such as reaction 

times. The 36 trials involved 9 trials for each combination 

of Complexity (2: simple versus complex), Orientation 

(2: horizontal versus vertical), respectively, and the order 

of trials was randomized by our MATLAB-based 

computer program to minimize practice effect or 

adaptation effect.

5. Analysis

To examine the effect of orientation and complexity 

of spatial gratings, for each participant, we computed 

median reaction times and mean accuracy (i.e. proportion 

of correct trials) by the orientation and complexity of 

spatial gratings and used them as dependent variables 

for our statistical analysis. In addition, unlike prior 

studies (e.g., Bertone et al., 2003, 2005; Meilleur et al., 

2014; Rivest et al., 2013) focusing on separate threshold 

values for each complexity condition, we directly 

quantified costs of the complexity by computing 

differences in reaction times and accuracy, respectively, 

between simple and complex conditions within each 

orientation (e.g., for the complexity cost in reaction times 

for vertical gratings, ‘reaction times for vertical gratings 

in the complex condition – reaction times for vertical 

gratings in the simple condition’). Considering large 

individual variations in reaction times and accuracy 

across participants, we expected that our complexity cost 

measure would provide useful information on 

individuals’ difficulty with complex visual information, 

controlling for their baseline performance. Therefore, 

complexity cost scores were directly used as dependent 

variables for all statistical analyses of the present study, 

except Analysis of Variance (ANOVA) tests. To examine 

main and interaction effects of the complexity of gratings 

and group together within the same tests, we used 

accuracy rates and reaction times in each of the simple 

and complex conditions as dependent variables for 

ANOVA tests and indirectly quantified the amount of 

complexity-based costs as the main effect of the 

complexity of spatial gratings. We conducted a series of 

ANOVAs to see between- and within-group differences.

Given that prior studies using the threshold method 

analyzed their participants' accuracy separately across 

simple and complex gratings, we also provided results 

from simple comparisons on either simple or complex 

visual information by using the Mann-Whitney U test 

(see Table 1). In addition, we examined our complexity 

cost scores (in reaction times and accuracy, respectively) 

could serve as a valid diagnostic tool differentiating 

individuals with ASD from our non-ASD group by using 

the Receiver operating characteristic (ROC) analysis. 

6. Results

6.1. Within-Group Analysis

To examine atypical processing of ASD, we need to 

know what is typical processing. However, little has been 

known about how the orientation and complexity of 

spatial gratings influence on performance of TD children 

on an orientation task. Thus, before examining group- 

level differences, we examined the characteristics of 

spatio-visual information processing within each group. 

Table 1 describes mean accuracy rates, median reaction 

times, and standard deviations by Group, Complexity, 

and Orientation. 
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DV Group ASD (N=14) TD (N=14) p

Proportions 
Correct

Horizontal 　 　

  Simple 0.99 ± 0.03 0.97 ± 0.09 0.749

  Complex  0.98 ± 0.04 0.99 ± 0.03 0.764

  Complex – Simple -0.01 ± 0.03 0.02 ± 0.10 0.569

Vertical
  Simple 0.94 ± 0.08 0.98 ± 0.06 0.358

  Complex  0.93 ± 0.13 0.96 ± 0.07 0.834

  Complex – Simple -0.02 ± 0.07 -0.02 ± 0.11 0.984

Median Reaction
Times (ms)

Horizontal 　 　

  Simple 457.40 ± 289.34 432.88 ± 270.47 0.944

  Complex  632.83 ± 366.8 382.83 ± 220.85 0.037*

  Complex – Simple 175.43 ± 205.52 -50.04 ± 167.16 0.002**

Vertical
  Simple 502.24 ± 354.83 513.91 ± 258.65 0.535

  Complex  829.30 ± 731.62 616.18 ± 315.24 0.478

  Complex – Simple 327.06 ± 590.43 102.27 ± 214.45 0.535

Table 1. Descriptive statistics (mean value of each group ± SD, p values from the Mann-Whitney U test, p*<.05, p**<.01)

6.1.1. Reaction Times

Different patterns of results across two groups were 

revealed by two separate ANOVAs on reaction times with 

Complexity (2: Simple vs. Complex) and Orientation (2: 

Horizontal vs. Vertical) as within-subject variables. 

Within the TD group, only main effect of Orientation 

(F(1,13)=7.44, p=.017, η2=.364) was significant, replicating 

superior performance on horizontally- presented gratings 

(Gottsdanker & Tietz, 1992). In contrast, for the ASD 

group, only main effect of Complexity (F(1,13)=9.63, 

p=.008, η2=.426) was significant, supporting ASD 

individuals' general difficulty in processing complex 

visual information. 

6.1.2. Accuracy

However, when mean accuracy was used as a 

dependent variable instead of reaction times, none of the 

main or interaction effects were significant within either 

group (ps>.266). These null results could be attributed 

to the ceiling effect, as both ASD and TD children 

showed high performance (mean accuracies>.93) 

regardless of the complexity and orientation of spatial 

gratings (see Table 1).

6.2. Group-Level Analysis

6.2.1. Reaction Times

Given TD children’s slower responses for horizontal 

gratings, we conducted an ANOVA on reaction times 

with Complexity (2: Simple vs. Complex) and Orientation 

(horizontal versus vertical) as within-subject variables and 

Group (2: ASD vs. TD) as a between-subject variable. 

Results revealed a significant interaction effect of 

Complexity and Group (F(1,26)=6.89, p=.014, η2=.209), 

indicating that costs of the complexity in reaction times 

were greater in the ASD group than in the TD group. 

Main effects of Complexity (slower responses for complex 

stimuli than simple stimuli) and Orientation (slower 

responses for vertical stimuli than horizontal stimuli) were 

also significant (F(1,26)=10.45, p=.003, η2=.287 for 

Complexity; F(1,26)=6.66, p=.016, η2=.204 for 

Direction). None of the other main and interaction effects, 

however, were significant (ps>.126). 

Two Analysis of covariance (ANCOVA) tests with 

Group as a between-subject variable, Complexity and 

Orientation as within-subject variables, and either Age 

or overall IQ as a covariate confirmed that the interaction 

effects of Complexity and Group were significant 

regardless of whether either Age (F(1,26)=6.96, p=.014, 
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'moderately accurate' 
AUC = .847(.695 - .999)

‘less accurate' 
AUC = .571 (.350 - .793)

(a) Horizontal Gratings                                    (b) Vertical Gratings

Fig. 1. Results from two ROC analyses

η2=.218) or overall IQ (F(1,26)=5.30, p=.030, η2=.175) 

was controlled for. However, the main effects of 

Orientation and Complexity were not robust (p=.200 for 

the main effect of Orientation when Age was controlled 

for; ps>.156 for the main effect of Complexity when 

either Age or overall IQ was controlled for).

Next, although the 3-way interaction effect of 

Complexity, Orientation and Group were not significant 

in any of our ANOVA/ANCOVA tests (ps>.1), 

potentially due to the lack of power caused by small 

sample size, given our research question and different 

results across the orientation of spatial gratings in prior 

studies (Gottsdanker & Tietz, 1992; Koh et al., 2010; 

Keita et al., 2014), we conducted similar ANCOVA tests 

on reaction times for each orientation to examine whether 

complexity costs defined as the interaction effect of 

Complexity and Group are consistently observed regardless 

of whether either Age or IQ is controlled for. Interestingly, 

significant interaction effects of Complexity and Group 

were consistently observed only when reaction times for 

horizontal gratings were used as a dependent variable 

(F(1,26)=9.46, p=.005, η2=.274 for when Age was a 

covariate; (F(1,26)=8.39, p=.008, η2=.251 for when 

overall IQ was controlled for) and not when reaction 

times for vertical gratings were used as a dependent 

variable (ps>.168). 

6.2.2. Accuracy

As shown in within-group analyses, however, when 

mean accuracy was used as a dependent variable instead 

of median reaction time, none of the significant group- 

level differences were observed in either ANOVAs, 

ANCOVAs or simple comparisons, regardless of 

orientation of spatial gratings (ps>.358; see Table 1 for 

descriptive statistics).

6.3. ROC Analysis and Individual Differences in 

the Amount of Complexity-Based Cost

6.3.1. ROC Analysis

Swets’ (Swets, 1988) guidelines suggest that 0.7<AUC

≤0.9 could be considered as moderately accurate in 

distinguishing between distributions, 0.5<AUC≤0.7 as 

less accurate, and AUC=0.5 as non-informative. A 

series of ROC analyses revealed that the complexity 

costs in reaction times collapsed across two orientations 

(AUC=.801, 95% CI=.628 - .974) and reaction times for 

horizontally presented gratings alone (AUC=.847, 95% 

CI=.695 - .999) met 'moderately accurate' discrimination 

between ASD and non-ASD cases in our sample, whereas 

the complexity costs in reaction times for vertically 

presented gratings (AUC=.571, 95% CI=.350 - .793) fell 

into 'less accurate' discrimination between ASD and 

non-ASD cases. All accuracy-based variables also 

showed 'less accurate' discrimination between the two 

groups (see Fig. 1).

6.3.2. Individual Differences

The power of the complexity-costs in reaction times 

for horizontally presented gratings was also consistently 
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(a) Horizontal Gratings                                     (b) Vertical Gratings

Fig. 2. Individual Z scores (Mean of the TD group=1; SD of the TD group=0) of reaction times in the complexity-cost 

when gratings were presented horizontally (A) and vertically (B). Dots represent individual Z scores. The middle line of

each box indicates a group median and both ends of each line represent (Q3 + (1.5*IQR)) and (Q1 – (1.5*IQR)) 

respectively, where Q1=25th percentile, Q3=75th percentile, IQR (interquartile range)=Q3- Q1

observed when we explored individual data. To see how 

different individual ASD children's performance was 

from individuals of TD children, we transformed raw 

values of the complexity cost scores into z scores using 

the mean and standard deviation of the TD group. As 

shown in Fig. 2, when spatial gratings were horizontally 

presented 71% (10 out of 14) of ASD children showed 

complexity cost scores of 1 or above 1 (1 standard 

deviation from the mean of the TD group), whereas only 

21% (3 out of 14) of TD children showed complex cost 

scores of 1 or above 1 (χ2 (1)=7.036, p=.008). In contrast, 

when spatial gratings were vertically presented only 21% 

(3 out of 14) of ASD children and 21% (3 out of 14) 

of TD children showed complex cost scores of 1 or above 

1 (p=.999). 

7. Discussion and Conclusions

Although atypical sensory processing is one of the 

major symptoms of ASD (American Psychiatric 

Association, 2013), there is considerable heterogeneity 

among ASD individuals in the modality and symptom 

of the atypical sensory processing (for review, see (Marco 

et al., 2011; Waterhouse et al., 2016). This heterogeneity 

could be attributed to multiple factors underlying ASD. 

Thus, examining effects of multiple factors would 

enhance the chance to detect atypical processing of ASD. 

The present study focused on the effects of the 

complexity and orientation of visual stimuli in 

school-aged ASD children. Our study yielded three 

primary findings.

First, unlike a recent study of school-aged ASD 

children (Rivest et al., 2013), we found behavioral 

evidence to support the complex-specific hypothesis in 

childhood. ASD children in our sample identified the 

orientation of complex spatial gratings more slowly than 

simple spatial gratings, regardless of whether the gratings 

were presented horizontally or vertically. To our 

knowledge, our study is the first one reporting atypical 

processing of complex visual information in school-aged 

children with ASD at the behavioral level. The 

discrepancies in results between Rivest et al.’s study and 

our study should reflect differences in dependent 

variables, not differences in characteristics of ASD 

children. In fact, even though Rivest et al. did not find 
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behavioral evidence to support the complex-specific 

hypothesis, their ASD children did show atypical 

processing of complex visual stimuli at the brain-level. 

One might raise a possibility that the small sample size 

(13 ASD children) in Rivest et al’s study caused a 

statistical power issue but our study showed significant 

group differences with similar size of ASD sample (14 

ASD children). Thus, it would be reasonable to infer that 

their behavioral measure - accuracy-based threshold - was 

not sensitive enough to detect atypical visual processing 

of ASD children. Indeed, in our study, group-level 

differences were greatest when we used our unique 

measure, the complexity-cost scores defined as the 

difference in reaction times between simple and complex 

conditions. The same tendency was not observed from 

our accuracy-based measures. However, the number of 

trials used for each of the simple and complex conditions 

was not the same across the two studies (100 trials for 

Rivest et al.’s study versus 18 trials for the present study). 

Further research controlling for the number of trials per 

condition is required to confirm that the complexity-cost 

scores in reaction times detect the characteristics of ASD 

better than our accuracy-based measures.

Second, as confirmed by Complexity and Group 

interaction effects in multiple ANOVA/ANCOVA tests, 

costs of the complexity in reaction times appeared 

greater in ASD children than in TD children, particularly 

with horizontal gratings. This orientation effect was also 

observed in the power of discrimination between ASD 

and TD children. One might guess that ASD children’s 

different performance across two orientations caused this 

orientation effect. However, our within-group analyses 

suggest that TD children’s different performance across 

two orientations was the reason. That is, ASD children 

had difficulty with complex information (compared to 

simple information) regardless of orientation, whereas 

TD children performed faster with horizontal gratings 

than vertical gratings regardless of the complexity of 

spatial gratings. Our findings on TD children’s faster 

responses for horizontal gratings are in line with a prior 

study reporting that typical adults show faster reaction 

times for horizontal lines than vertical lines (Gottsdanker 

& Tietz, 1992). These different developmental 

characteristics across vertical and horizontal information 

could contribute to mixed results in prior studies with 

ASD and TD individuals (e.g., Keita et al., 2014 versus 

Koh et al., 2010 for the existence of atypical processing 

for high frequency visual information in ASD 

individuals). Along with the fact that atypical processing 

of ASD individuals is typically defined as differences 

in processing of TD individuals, our findings highlight 

the importance of understanding the characteristics of 

both control groups and the ASD group in order to 

understand atypical processing of ASD individuals.

Third, even though our findings revealed ASD 

children’s difficulty in processing complex visual 

information, the superior performance on simple visual 

information observed in ASD adults in Bertone et al. 

(2005) was not observed in our ASD children. One 

potential reason for this discrepancy is different 

developmental changes for processing of simple and 

complex visual information (Bertone et al., 2008; 

Ellemberg et al., 2003). According to Bertone et al.’s 

(2008) study, TD children’s sensitivity to simple visual 

information approaches adult-like levels earlier than their 

sensitivity to complex visual information. However, a 

recent study on adults (Meilleur et al., 2014) also failed 

to replicate ASD individuals’ superior performance on 

simple information observed in Bertone et al.’s study 

(2005), consistent with our findings. Another adult study 

(Keita et al., 2014) showed that ASD adults’ superior 

performance on simple visual information was observed 

only with high spatial frequency gratings (e.g., 8 cpd). 

Thus, the superior performance with simple stimuli might 

not be robust in ASD, or at least might be context- or 

task-specific.

Our study also provides useful information for testing 

ASD children. Our complexity cost measure discriminated 
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ASD children from TD children at a good level and was 

independent of general IQ or age. We also found that 

despite ASD children’s general difficulty in processing 

complex visual information, both group-level and 

individual-level differences were more evident with 

horizontal stimuli. Our orientation task itself also has a 

strong point. Compared to other orientation tasks requiring 

hundreds of trials (e.g. 200 trials in Rivest et al., 2013), 

our task only included 36 trials, which took approximately 

10 minutes in total and minimized boredom and practice 

effects. Our findings have implications for both 

understanding the characteristics of ASD children and 

developing tests for ASD children.

Despite the strong points of our study, however, there 

are also several limitations that should be considered for 

future studies. First, although our sample size was similar 

to that of Rivest et al.'s (2013), 14 participants per group 

may not be enough to represent the general population 

of ASD. Considering the heterogeneity of ASD, this 

small sample size could cause weak statistical power of 

some of our analyses (e.g. the lack of 3-way interaction 

effect of Complex, Orientation and Group in our 

ANOVA/ANCOVA tests). Second, our ratio of male to 

female ASD participants (13 to 1) was higher than the 

ratio observed from general populations (e.g. 4 to 1). 

Given potential genetic differences between male and 

female ASD individuals, our findings should be applied 

to female ASD individuals with a caution. Last, although 

we intentionally used a small number of trials to develop 

a test for children and found unique characteristics of 

ASD children with our test, reducing the number of trials 

also yielded multiple methodological differences from 

prior studies using threshold methods. Future studies 

systematically controlling for the number of trials and 

modulation levels, and assessment methods (e.g., reaction 

times, accuracy, or accuracy-based threshold) one by one 

would provide a deep understanding of characteristics 

of ASD individuals.
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