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ABSTRACT

The restrictive, stereotyped behavior in autism spectrum disorder (ASD) is considered to be related to deficits in execu-
tive function. In particular, cognitive shifting in executive function is deeply related to stereotyped behavior in ASD.
Previous investigations have clarified that the lateral prefrontal cortex is involved in cognitive shifting when flexible
changes in attention were needed. However, a few studies have revealed a direct association between cognitive shifting
tasks and lateral prefrontal cortex activity in children with ASD. We examined cognitive shifting in 7- to 12-year-old
children with ASD and typically developing children using the dimensional change card sort task. In addition, using
near-infrared spectroscopy, we examined prefrontal brain activity in conjunction with cognitive shifting. The autistic
children provided fewer correct answers and slower reaction times in the task than typically developing children. Fur-
thermore, the autistic children displayed a decline in right lateral prefrontal cortex activity during the task compared
with typically developing children. In addition, a negative correlation was observed between the severity of autism and
brain activity during the task. These results suggest that the activity and physiological indices used in this study may be
useful for identifying the symptoms of ASD and discriminating ASD from other disabilities.

Keywords: Autism Spectrum Disorder; Executive Function; Cognitive Shifting; Frontal Lobe Function;
Near-Infrared Spectroscopy

had lower scores than children with typical development
or attention deficit/hyperactivity disorder [9,11]. There-
fore, it has been shown that deficits in executive function
tasks are specific signs of ASD. However, Lopez et al.
performed a covariance analysis of the scores of shifting
and planning using intelligence quotient (IQ) as the co-
variate and observed that children with ASD had worse
shifting task scores than typically developing children
(TDC), although planning task scores were not signifi-
cantly different between these groups of children. There-

1. Introduction

Autism spectrum disorder (ASD) is a developmental dis-
order characterized by restricted, repeated, and stereo-
typed interest and behavior [1]. Many studies indicate
that restricted interest and repeated behavior in ASD are
related to deficits in executive function [2-4]. Executive
functions control high-level cognitive ability that facili-
tates the inhibition of incorrect behavior and involves the
selection of appropriate behavior [4]. There are six do-

mains of executive function: inhibition, working memory,
sentence memory, planning, fluency, and shifting [5].
Many researchers have found that scores of executive
function tests are low for subjects with ASD [5,10]. For
example, in the Tower of Hanoi test, which assesses plan-
ning ability, and the Wisconsin Card Sorting Test (WCST),
which assesses cognitive shifting, children with autism
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fore, it appears that the planning task score was affected
by IQ. Because shifting function is an important ability
that is connected with change in the mental state, deficits
in this domain may be linked to the persistent and re-
peated behavior seen in ASD [8].

In WCST, the subject needs to change his/her response
according to the shape, color, or number, following the
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feedback from the experimenter. However, WCST is
slightly problematic because it requires additional cogni-
tive processes, and thus, it does not solely measure cog-
nitive shifting. Conversely, the dimensional change card
sort (DCCS) task is specific for cognitive shifting and
has simple instructions; thus, permitting its use in indi-
viduals across a wide range of ages [12]. In a previous
research, 3-year-old children tended to similarly respond
to a stimulus as they responded to a previous stimulus.
This symptom was similar to lack of flexibility observed
in patients with frontal region damage. However, 5-year-
old children could alter their responses according to
changes in the rules [13]. Therefore, the DCCS task can
reflect the developmental changes in executive functions
and characteristics of disabilities. Thus, we believe that
the DCCS task can detect lack of flexibility such as that
observed in persistent and repeated behavior.

During selective response tasks that require cognitive
shifting, activities of the dorsolateral prefrontal cortex,
ventrolateral prefrontal cortex, and anterior cingulate
cortex were determined to be lower in autistic adults than
in normal adults. Furthermore, by examining the network
comprising the prefrontal cortex (PFC) and other do-
mains using factor analysis, it was reported that the ac-
tivity of the interval region comprising PFC and the pa-
rictal lobe and the functional connection between the
hemispheres are low. Based on these findings, the speci-
ficity of executive function in the adult brain stem was
believed to differ between autistic and normal individu-
als.

In this study, we evaluated cognitive shifting function
in autistic children during the DCCS task. In addition, we
clarified the specifics of brain activities, particularly
those in PFC, which is thought to be the domain associ-
ated with the deficits in ASD, using near-infrared spec-
troscopy (NIRS). NIRS is noninvasive, does not require
children to be in a fixed position, and can be used for
young children [14,15].

2. Materials and Methods
2.1. Subjects

The ASD group consisted of 14 subjects (mean age +
standard deviation, 9.56 + 1.44 years; 8 boys and 6 girls;
all but two were right-handed) with Asperger’s syndrome
or high-functioning autism (Table 1). Pediatric neurolo-
gists made the diagnoses based on DSM-IV-TR criteria
[1]. IQs of the diagnostic group were evaluated using the
Wechsler Intelligence Scale for Children, Third Edition.
No individual’s full IQ was lower than 80. TDC (9 boys
and 11 girls, 9.15 + 1.64 years; all but three were right-
handed) were recruited as controls and paid volunteers.
All subjects had normal or corrected vision and no his-
tory of neurological disorders. All subjects from both
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groups and their mothers provided written informed con-
sent before the experiment. The experimental protocol
was approved by the Ethics Committee of the National
Center of Neurology and Psychiatry.

All subjects completed Raven’s Colored Progressive
Matrices test (RCPM) [16] to determine their nonverbal
intelligence. In addition, we measured their language
abilities regarding sentence comprehension using the Kauf-
man assessment battery for children (K-ABC). Moreover,
the Pervasive Developmental Disorders Autism Society
Japan Rating Scale (PARS) [17] test was conducted by
interviewing the mother of each subject in the TDC and
ASD groups to verify ASD severity in each subject. The
PARS test consisted of two categories: questions about
clinical conditions during infancy (PARS infant) and
questions about current clinical conditions (PARS pre-
sent).

Age, the K-ABC (comprehension) score, and the RCPM
score were not significantly different between the groups
(age: t(32) = 0.76, not significant (n.s.): p > 0.05; reading
comprehension: t(32) = 0.90, n.s.; RCPM: t(32) = 0.31,
n.s.; Table 1). However, a significant main effect was
observed between the groups for the two PARS sub-
scores (PARS infant: t(32) = 9.87, p < 0.001, PARS pre-
sent: t(32) = 11.52, p <0.001; Table 1).

Table 1. Characteristics of the participating groups. Com-
parisons of the typically developing children (TDC) and
autistic spectrum disorder (ASD) groups were performed
using Student’s t-test (two-tailed).

TDCn=20 ASDn=14 t(32) p
Age 9.15(1.64) 9.56(1.44) 0.76 0.45
Reading
comprehension 16.50 (4.51) 17.93 (4.57) 0.90 0.37
(K-ABC)*
Non-verbal
intelligence  29.35 (4.15) 28.86 (4.98) 0.31 0.76
(RCPM)’
Severity of ASD:
infant (PARS)° 1.45(1.54) 13.43(5.14) 9.87 <0.001
Severity of ASD:
present (PARS)’ 1.40 (1.50) 16.43 (5.59) 11.52 <0.001

¥ Each number shows mean scores and standard deviations. “raw score of
reading comprehension from the Kaufman assessment battery for children
(K-ABC); "raw score of Raven’s Colored Progressive Matrices test (RCPM);
‘raw score on the Pervasive Developmental Disorders Autism Society
Japan Rating Scale (PARS) for questionnaire on clinical conditions during
infancy; “raw score on PARS for questionnaire on current clinical condi-
tions.

2.2. Behavioral Task and Data Analysis

The subjects performed a task using a personal computer
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(PC). The subjects sat 50 cm away from PC [15-inch
liquid crystal display (LCD) screen]. The background of
the display was gray. The detailed procedures are as fol-
lows.

2.2.1. Baseline Task

A white square was shown on the right or left lower side
of the 15-inch LCD screen, and the subjects indicated on
which side of the screen the square appeared by pressing
a button corresponding to that side of the screen. The
next square appeared randomly 1 s after the subjects
pressed the button. A 15-s rest period was allowed before
beginning a task. During the rest period, a small white
circle was shown in the center of the screen, and the sub-
jects were instructed to only watch the white circle closely.
The task time was 30 s.

2.2.2. DCCS Task

We used “border version” of the DCCS task to evaluate
cognitive shifting in the subjects. In this task, the subjects
must frequently alternate their responses according to the
color or shape as the rule changes [12].

Specifically, three cards were displayed in the form of
a pyramid on the same screen. On each white card, a
diamond or star shape was presented in red or blue. The
subjects were required to select which of the two cards at
the bottom of the pyramid (selection cards) matched the
card at the top of the pyramid (reference card) according
to the given rule (shape or color; Figure 1). The color
and shape of the two selection cards differed from those
of the reference card. If the reference card was hemmed
in black, correct response was to select the selection card
that matched the reference card in shape. When no black
hemming was shown, then the correct response was to
select the selection card that matched the reference card
in color. The reference and selection cards were dis-
played on the screen until the subject responded, and the
next set of cards appeared randomly 0.5 s after the sub-
ject pressed a button. The subjects were allowed a 15-s
rest period before conducting the trial. During the rest
period, the subjects stared at a small white circle on the
screen, as described for the baseline task. The task time
was 30 s.

The DCCS and baseline tasks were performed twice,
but alternatively (i.e., baseline task, DCCS task, baseline
task, and DCCS task). In addition, before the actual task,
the subjects underwent a practice trial (5-s rest period
followed by a 20-s trial). We provided feedback to the
subjects during the practice trial and confirmed that they
completely understood the instructions. During the actual
task, feedback was not provided and the subjects’ re-
sponse and reaction times were recorded automatically.

The number of correct answers and errors, reaction
time of correct responses, and percentage of correct an-
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swers were evaluated for each trial. In addition, the cor-
relations between these variables and age, intelligence,
and the numerical PARS scores were calculated.

The assumptions for parametric testing were checked
and appeared to be violated for all dependent measures.
For all behavioral measures, nonparametric Mann-Whit-
ney U tests were applied. A significance level of p < 0.05
(two-sided) was adopted for all analyses.

2.3. Near-Infrared Spectroscopy Recording and
Analysis

While the subjects performed the task, we simultane-
ously recorded the activity of the lateral PFC, as meas-
ured by changes in oxygenated hemoglobin (AHbO2)
using a multi-channel NIRS equipment (OEG-16; Spec-
tratech Inc., Tokyo, Japan). In this system, near-infrared
laser diodes with two wavelengths (approximately 770
and 840 nm) were used to emit the near-infrared light.
The re-emitted light was detected using avalanche pho-
todiodes located 30 mm from the emitters with a tempo-
ral resolution of 655 ms, thereby measuring AHbO2 at a
depth of approximately 3 cm below the scalp. In our sys-
tem, six emitters and six detectors were placed at alter-
nate points on a 2 x 6 grid (Figure 2). This configuration
enabled us to detect signals from 16 channels of bilateral
frontal regions (Figure 2). The center of the probe matrix
was placed on Fpz (International 10 - 20 system), and the
bottom left and bottom right corners were located around
F7 and FS8, respectively, according to a previous report
[18]. The detected signal was sent to a data collection
computer, which was different from the task-control
computer. The timing of each trial event, such as the on-

15(s) 1
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Figure 1. Illustration of the protocol of the baseline (a) and
dimensional change card sort (DCCS) (b) tasks. In the base-
line task, the participants have to indicate the side of the
screen on which the white square appeared. In the DCCS
task, if the upper card was hemmed in black, the partici-
pants had to select the lower card with the same shape as
that printed on the upper card and if the upper card was
not hemmed in black, they had to select the lower card of
the same color as that of the upper card.

30'(s)
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Figure 2. Near-infrared spectroscopy (NIRS) settings. The
NIRS probe was attached to the prefrontal area. The center
of the probe matrix was placed on Fpz (International 10 -
20 system), and the bottom left and bottom right corners
were located around F7 and F8, respectively.

set of the sample cue, was transmitted to the data collec-
tion computer from the task-control computer through a
local area network with UDP communication. A band-
pass filter was set for the NIRS data at 0.01 - 0.1 Hz
during the task using fast Fourier transform to reject arti-
facts caused by minor subject movements. To increase
the signal-to-noise ratio, data from each channel were
converted into a z-score because raw data cannot be
compared directly across subjects and channels [14]. The
z-score was calculated using the mean and standard de-
viation of AHbO2 during the last 6 s of the rest period.
Consequently, the mean and standard deviation were
adjusted to a z-score of 0 and 1, respectively, for every
channel. Subjects whose scores were more than two
standard deviations away from the mean were excluded
because of the possibility of motion artifacts.

3. Results
3.1. Behavioral Results

Regarding the DCCS task, the number of correct answers
(U=137.0, p <0.001) and the reaction time (U = 213.0, p
= 0.011) differed significantly between the ASD and
TDC groups, although difference was not observed in the
number of errors (U = 128.5, p = 0.685) (Figure 3).
There was no significant difference in the percentage of
correct answers (U = 128.5, p = 0.687), and the percent-
age exceeded 75% in both groups. In addition, the num-
ber of correct answers was negatively correlated with
both PARS (infant) (r = —0.511, p = 0.002) and PARS
(present) (r=-0.518, p=0.002) (Figure 4).

3.2. Near-Infrared Spectroscopy

To compare the changes in brain blood flow, we utilized
Student’s t-test for each channel. Initially, we examined
the differences in brain activity between the baseline and
DCCS tasks to assess changes in brain activity in the two
groups. Activation was recognized in 10 of 16 channels
(ch1,ch3,ch4,ch6,ch9,chl0,chl12,ch 13, ch 14,
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and ch 15) during the DCCS task in the TDC group (p <
0.05; upper panel of Figure 5). In contrast, only three
channels (ch 6, ch 12, and ch 13) were activated in the
ASD group (lower panel of Figure 5).We examined the
differences in the mean change in brain activity during
the baseline task between the ASD and TDC groups. No
significant difference was observed in any channel be-
tween the two groups. However, we observed significant
(p < 0.05) decreases in activity in ch 4 and ch 5 in the
ASD group compared with the TDC group during the
DCCS task (Figure 6). Furthermore, we examined the
correlation between brain activity and behavior indices.
Ch 4 was selected as the region of interest (ROI) because
remarkable differences were observed in this channel
between the two groups during the DCCS task. As a re-
sult, the numerical values for PARS and the activity in
ROI using the mean z-scores throughout DCCS task were
negatively correlated (infant; r = —0.553, p = 0.040, pre-
sent; r =—0.714, p = 0.004) in the ASD group (Figure 7).

4. Discussion
4.1. Behavioral Tasks

In the DCCS task, the ASD group provided significantly
fewer correct answers and exhibited slower reaction
times than the TDC group. In addition, albeit without
significance, the ASD group tended to have more pro-
longed higher numbers of incorrect responses. Conse-
quently, a decline in cognitive shifting was suggested in
autistic children, and these findings were consistent with
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Figure 3. Behavioral results of the dimensional change card
sort task. The number of correct answers (a), reaction time
(b), number of errors (c), and percentage of correct re-
sponses (d) for each group during the task. Error bars in-
dicate the standard error. ‘p < 0.05; “"p < 0.01.
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Figure 4. Correlation between the number of correct re-
sponses and the Pervasive Developmental Disorders Autism
Society Japan Rating Scale (PARS infant) (a) and PARS
(present) (b). TDC, typically developing children (red cir-
cle); ASD, autism spectrum disorder (blue diamond). The
x-axis indicates infant score on PARS (a). The x-axis indi-
cates the present score on PARS (b). The y-axis indicates
the number of correct response (a, b).

those of previous studies [19,20].

This DCCS task requires the subjects to change their
responses frequently according to the stimulus. Thus, it is
believed that the correct answers and reaction times re-
flect the clinical features of persistent and stereotyped
behavior in ASD. Moreover, the children grasped the
rules of the task because both groups had accuracy rates
of >75%.

In other words, the autistic children understood the
rules of the task, but their ability of cognitive shifting
was determined to be low. Compared with TDC, they
tended to require more time to shift to the new rule, thus
resulting in a longer reaction time and greater number of
incorrect responses.
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Figure 5. Time course of near-infrared spectroscopy topog-
raphy using the mean z-scores from all subjects. The num-
bers on the first image on the second row indicate the loca-
tions of the channels. The left side of the figure indicates
brain activities during the baseline task; typically develop-
ing children (TDC, upper) and autism spectrum disorder
(ASD, lower). The right side of the figure indicates brain
activities during the dimensional change card sort task;
TDC (upper) and ASD (lower).
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Figure 6. Temporal changes in oxygenated hemoglobin
(AHbO?2) levels in the prefrontal area during the baseline
and dimensional change card sort tasks (ch 4). Data are
presented as the mean for typically developing children
(TDC; red line) and autistic spectrum disorder (ASD; blue
line) groups.

A negative correlation was observed between the num-
ber of correct answers in the DCCS tasks and the severity
of ASD as measured by PARS (infant and present). That
is, cognitive shifting is likely to be low when ASD sever-
ity is high.

Therefore, we used the DCCS task to evaluate cogni-
tive shifting. We believe that we could minimize working
memory and specifically evaluate cognitive shifting be-
cause the present task uses two classifications (color and
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Figure 7. Correlation of the brain activity in the region of
interest (ROI) (ch 4) with the Pervasive Developmental
Disorders Autism Society Japan Rating Scale (PARS infant)
(a) and PARS (present) (b). ASD, autism spectrum disorder
(blue diamond). The x-axis indicates the infant score on
PARS (a). The x-axis indicates the present score on PARS
(b). The y-axis indicates the brain activity in ROI (a, b).
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shape), unlike WCST, which uses three classifications
(color, shape, and number) [21]. In addition, language im-
pairment is observed in some instances of ASD [22], but
the DCCS task removes this influence because of its sim-
ple instructions and rules.

4.2. Executive Function and Theory of Mind

Cognitive shifting is believed to be associated with “theory
of mind” (ToM) that shows lack of sociality [23-25].
ToM, which was proposed by Baron-Cohen et al. [26], is
the ability of an individual to infer the mental state of
others and understand that other people have different
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beliefs and desires. Baron-Cohen €t al. created a task
called “Surrey and Ann” and verified whether children
could distinguish “phenomenon” from “thinking”. In this
task, autistic children had a lower passage rate than TDC
[23-25]. Therefore, we need to examine the connection
between the DCCS task and the ToM problem; clarify
how cognitive shifting is related to various ASD charac-
teristics, excluding stereotyped and persistent behavior;
and utilize these findings in ASD treatment.

4.3. Brain Activity

During the baseline task, difference in brain activity was
not observed between the ASD and TDC groups, but
during the DCCS task, the difference was observed in ch
4 and ch 5. Its domain corresponded to the right lateral
prefrontal cortex (LPFC). In a previous investigation, the
right LPFC was believed to be responsible for cognitive
shifting [13]. In addition, negative correlations were ob-
served between this domain and the two PARS indices
(infant and present ASD severity). Thus, it was suggested
that the activity of the right LPFC is correlated with ASD
severity. In other words, this domain may be related to
the stereotyped and persistent behavior seen in ASD.

In addition, using topography, we detected decreased
activation of this domain in autistic children during the
DCCS task, but not during the baseline task. The right
LPFC was reported to be less activated in infants who
could not complete the DCCS task [13]. Right LPFC
activation was lower in the subjects of this study despite
their mean age of 9 years. In fact, right LPFC activation
was lower in the study population than in autistic adults
[27]. Thus, because improvements in right LPFC activity
may not occur during the natural development of autistic
individuals, new methods of improving stereotyped and
persistent behavior that target other brain areas are re-
quired.

4.4. Near-Infrared Spectroscopy System

We used NIRS to measure brain function in this study.
The usefulness of NIRS was established by studies of
frontal lobe function in children and adults during WCST,
and it is believed to have some advantages over func-
tional magnetic resonance imaging (fMRI) [28-31].
However, NIRS detects hemodynamic changes only at
the brain surface (approximately 2 cm beneath the skull).
Thus, subcortical responses cannot be addressed using
NIRS. Moreover, NIRS has a relatively low spatial reso-
lution compared with fMRI; therefore, precise analyses
are limited. Despite these shortcomings, NIRS is in-
creasingly becoming a key modality in developmental
neuroscience studies involving newborns [32], preschool
children [31], and school-aged children [14] because of
its excellent safety and robustness against body move-
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ments. We believe that the power of executive function
can be predicted using NIRS in children who are unable
to identify all language characters.

5. Conclusion

Reduced cognitive shifting during the DCCS task was
observed in children with ASD compared with TDC. In
addition, decreased activity in the right LPFC was iden-
tified as a factor potentially responsible for the decline in
cognitive shifting. According to these findings, it appears
that DCCS is suitable for differentiating the symptoms of
ASD from those of other disorders.
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