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Children with attention deficit hyperactivity disorder (ADHD) and autism spectrum disorder (ASD) share
many common symptoms, including attention deficit, behavioral problems, and difficulties with social
skills. The aim of this study was to distinguish between ASD and ADHD by identifying the characteristic
features of both the disorders, by using multidimensional assessments, including screening behavioral
checklists, cognitive assessments, and comprehensive neurological battery. After screening for comorbid

Keywords: disorders, we carefully selected age-, sex-, IQ-, and socio-economic status-matched children with typical
QSDSD development (TD). In the Wechsler Intelligence Scale for children, a lower score was observed for the
WISC-IV ASD group than for the TD group in Picture concept, which is a subscale of perceptual reasoning. A lower
CANTAB * score was shown by the ADHD group than by the TD group in the spatial working memory test in the

Cambridge Neuropsychological Test Automated Battery (CANTAB"). Although ASD and ADHD have
many similar symptoms, they can be differentiated by focusing on the behavioral and cognitive
characteristics of executive function.

Behavioral assessments

© 2014 Elsevier B.V. All rights reserved.

treatment; hence, it is important to understand the common and
unique symptoms of these disorders, and the assessments that are
the most useful in allowing clinicians to distinguish between two
disorders.

Executive function (EF) is an overarching term when referring
to mental control processes that enable physical, cognitive, and
emotional self-control, which are necessary to maintain effective

1. Introduction

Children with attention deficit hyperactivity disorder (ADHD)
and autism spectrum disorder (ASD) have many common
symptoms (Matson and Nebel-Schwalm, 2007), including atten-
tion deficit, behavioral problems, and difficulties with social skills.
These various overlapping symptoms often complicate a differen-

tial diagnosis. Moreover, children diagnosed with ADHD likely
show some autistic symptoms and vice versa, which presents a
major problem when treating children and adolescents with
developmental disorders. Because misdiagnosis leads to misun-
derstanding of patient symptoms and inadequate or inappropriate

* Corresponding author. Tel.: +81 52 203 0531; fax: +81 52 203 0579.
E-mail address: matuuranasmi@yahoo.cojp (N. Matsuura).

http:f/dx.doiorg/10.1016/1.ajp.2014.06.011
1876-2018/© 2014 Elsevier B.V. All rights reserved.

goal-directed behavior. EF generally includes response inhibition,
working memory, cognitive flexibility, planning, and fluency.
Moreover, they involve multiple distributed neural networks in the
thalamus, basal ganglia, and prefrontal cortex. In particular, the
prefrontal areas of the frontal lobe are important regions for
performing EFs and complex cognitive processes (Alvarez and
Emory, 2006). Many studies have suggested that the brain regions
that are important for EF are those affected by ASD (Czonoff et al.,
2004; lopez et al, 2005; Goldberg et al, 2005) and ADHD
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(South et al., 2007; Smith et al,, 2013), and this is supported by the
fact that deficits in EF are very often seen in patients with
neurodevelopmental disorders, including ASD and ADHD. Several
studies have proposed that the symptoms of ADHD mainly arise
from a primary deficit in a specific EF domain such as response
inhibition (Corbett et al.,, 2009) or working memory (Willcutt et al.,
2005), while the symptoms of ASD arise from a primary deficit in
planning and flexibility (Sinzig et al., 2008). Therefore, a specific
deficit in EF might lead to a characteristic pattern of behavioral
symptoms and cognitive features in individuals with both
disorders, although we have to consider any shared neurological
basis between ASD and ADHD.

To identify distinct domains of EF that underlie the specific
deficits seen in ASD and ADHD, several comparative studies have
been conducted using EF tests such as the Wisconsin Card Sort Test
(WCST) for flexibility, the Tower of Hanoi (ToH) for planning, and
the Stroop color-word test for inhibition. However, these studies
have focused on only a few specific EF domains (inhibition,
planning, set-shifting, and working memory) and have used
diversified subjects (e.g., a wide ranging age group, high
functioning autism [HFA] vs. Asperger disorder, ADHD vs. typical
development [TD]). Because of these limitations, previous findings
have yielded inconsistent results. The EF tests used in previous
studies might provide inadequate information to conclude which
domains of EF are specifically impaired in each disorder. Therefore,
it is necessary to examine cognitive function of subjects using a
comprehensive neuropsychological battery that can evaluate each
EF domain in detail.

The developed computerized EF battery of the Cambridge
Neuropsychological Test Automated Battery (CANTAB®)is another
method of assessing EF in pediatric clinical populations. Research-
ers have used the CANTAB® specifically to evaluate EF (Goldberg
et al,, 2005; Rhodes et al,, 2005; Coghill et al,, 2007; Gau and Shang,
2010b). The CANTAB® has a number of advantages over other
measures of EF as it provides a standard computerized-adminis-
tration (controlling for variations across examiners), has more than
20 subtests to evaluate EF, is nonverbal, uses a touch-screen
response, and provides empirical evidence for the role of prefrontal
and medial temporal brain regions in the implementation of the
CANTAB® tasks (Luciana and Nelson, 2002). Therefore, it is a
suitable test battery for children with developmental disorders.

Recently, Goldberg et al. (2005) examined inhibition, planning,
set-shifting, and working memory functions in a sample of
children aged 8-12 years with HFA, ADHD, and TD by using the
CANTAB®. In the study, the subjects were carefully assessed to
screen for comorbid impulsivity or hyperactivity in autism. The
study concluded that response inhibition, planning, and set-
shifting were similar across the three groups of ASD, ADHD, and TD
subjects, and only impaired spatial working memory (SWM) in the
ADHD and HFA groups were reported (Goldberg et al, 2005). On
the other hand, because rigorous case control studies by using the
CANTAB® are rare, confounding evidence has been suggested
(Hughes et al, 1994; Kempton et al., 1999).

Few studies have directly compared behavioral symptoms,
cognitive features, and EF across ASD and ADHD groups in addition
to the age-, sex-, and IQ-matched controls. To the best of our
knowledge, this is the first CANTAB® study implemented using
multidimensional assessments with vigilant case control. The aim
of this study was to distinguish between ASD and ADHD by
identifying characteristic features of children with these disorders,
by using multidimensional assessments: various screening behav-
joral checklists, cognitive assessments, and comprehensive neu-
rological test battery. We carefully assessed potential participants
to screen out comorbid ADHD symptoms in ASD and comorbid ASD
symptoms in ADHD. Additionally, we selected normally develop-
ing children as a control group to avoid the effects of sample bias.

To measure children’s cognitive abilities, we chose four tasks from
the CANTAB® that, according to previous research, showed
promise for distinguishing between ASD and ADHD: rapid visual
information processing, spatial working memory, delayed match-
ing to sample, and spatial span. The results obtained in this
experiment were interpreted in detail based on the framework of
cognitive psychology.

2. Methods
2.1. Participants

Participants in this study included 11 children with high
functioning (1Q > 75) ASD, 15children with ADHD, and 19 children
with TD. The demographic information for the groups is provided
in Table 2. All children with ASD and ADHD were treated as
outpatients at the Hiratani Pediatric Clinic (HPC), which is one of
the largest clinics for children with developmental disorders in
Japan. In the HPC, in addition to medical treatment, individual
educational classes and group psychotherapy are provided by
speech therapists and clinical psychologists. The participants were
required to be free of any medications resulting in active central
nervous system except for methylphenidate. All patients were
required to be off medication for at least 24 h prior to the
administration of the experimental tasks. This period is considered
sufficient to ensure full washout. Furthermore all participants
were required to have an IQ of 75 or more. Participants with known
medical causes of autism, including fragile X syndrome and
tuberous sclerosis, and those with other neurological disorders,
including epilepsy, were excluded from the study.

Age and sex matched TD compared children who had
received treatment for allergy and common cold as outpatients
were also recruited from the HPC. Children were not included if
they had any psychiatric diagnosis or family history of social or
attention related problems. To exclude any psychiatric diagnosis
including suspected ADHD or ASD, all TD subjects underwent an
extensive child psychiatric examination, conducted by an
experienced child and adolescent psychiatrist according to
DSM-IV-TR criteria.

The ASD group comprised 11 boys with a formal diagnosis of
either high-functioning Autistic disorder or Asperger’s disorder. In
each case, the diagnosis had been made by more than two expert
child psychiatrists and pediatricians according to established
criteria (DSM-IV-TR) (American Psychiatric Association, 2000).
Children were excluded if they had been diagnosed with either
ADHD or Hyperkinetic Disorder. Furthermore, all subjects in the
ASD group met the full DSM-IV-TR criteria of high-functioning
autistic disorder or Asperger’s disorder, and were excluded if they
had even sub-threshold ADHD characteristics. To make a definitive
diagnosis, other psychiatrists or pediatricians and clinical psy-
chologists who had handled their therapy confirmed the diagnosis
based on clinical observation.

The ADHD group comprised 13 boys and 2 girls with a formal
diagnosis of ADHD. The diagnosis was based on (DSM-IV-TR)
(American Psychiatric Association, 2000) criteria. Children were
excluded if they had additional disorders such as pervasive
developmental disorder, Tourette syndrome, obsessive-compul-
sive disorder, or conduct disorder. Moreover, subjects with any
ADHD symptoms were excluded from this group. As previously
mentioned, psychiatrists, pediatricians, and technical profes-
sionals involved in the care of the subjects made the final
diagnosis.

All participants lived near the HPC and did not receive any
public assistance. Additionally, none of the children had experi-
enced parental divorce or any form of maltreatment, suggesting
that they shared common socio-economic status.
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Table 1
CANTAB tests used in the assessment and their key output variables.

Order (core domain) Sample

CANTAB test

Domain and associated

Test description (approximate time
for administration)

Key measures

1 (Attention)
processing (RVP)

2 (Executive function)
(SWM)

3 (Visual Mermory)
(DMS)

4 (Executive function) Spatial span (SSP)

Rapid visual information

Spatial working memory

Delayed matching to sample

Rapid visual information processing
(RVP) is a test of sustained attention
(similar to the continuous
performance task) and has proved
useful in many studies in which
drugs are used to help develop a
disease model, It is sensitive to
dysfunction in the parietal and
frontal lobe areas of the brain and is
also a sensitive measure of general
performance (7 min).

SWM is a test of the participant’s
ability to retain spatial information
and to manipulate remembered
items in working memory. It is a
self-ordered task, which also
assesses heuristic strategy. This test
is a sensitive measure of frontal lobe
and ‘executive’ dysfunction. It has
been shown in recent studies that
impaired performance on SWM
emerges as a common factor in
prepsychosis (8 min).

Delayed matching to sample (DMS)
assesses forced choice recognition
memory for novel non-verbalisable
patterns, and tests both
simultaneous and short term visual
memory. This test is primarily
sensitive to damage in the medial
temporal lobe area, with some input
from the frontal lobes (10 min).
White squares are shown, some of
which briefly change color in a
variable sequence. The participant
must then touch the boxes which

# Measures cover latency,
probabilities and sensitivity

# Hits, misses, false alarms and
rejections

# Measures for SWM include
errors

# Measure of strategy, and
latency measures

# Latency (the participant’s
speed of response), the numbers
of correct patterns selected, and
statistical analysis measuring
the probability of an error after a
correct or incorrect response,

# Covering span length (the
longest sequence successfully
recalled), errors, number of
attempts and latency.

changed color in the same order that
they were displayed by the
computer (for clinical mode) or in
the reverse order (for reverse mode).
The number of boxes increases from
two at the start of the test to nine at
the end, and the sequence and color
are varied through the test (10 min).

2.2. Instruments and neurocognitive testing

2.2.1. High-functioning autism spectrum screening questionnaire
(ASSQ)

The ASSQ is designed to identify school-aged children who may
need a more comprehensive evaluation due to suspected ASD. It
consists of 27 items scored on a 3-point scale: not true (0),
somewhat true (1), and certainly true (2). Possible scores range
from O to 54, with high scores indicating a high symptom load
(Ehlers et al., 1999). The Japanese version of ASSQ was
standardized by li et al. (2003) and it has confirmed good
reliability and validity.

2.2.2. Brief autism quotient (brief AQ)

Baron-Cohen et al. developed a self-reporting questionnaire,
the autism-spectrum quotient (AQ) for screening normally
intelligent adolescents and adults with high functioning pervasive
developmental disorder (Baron-Cohen et al., 2001). Allison et al.
established a short version of AQ which has 10 items (for the adult,
adolescent, and child versions) (Allison et al.,, 2012). At a cut-off
point of 6 on the brief AQ child, sensitivity was 0.91, and specificity
was 0.89 (Allison et al,, 2012). In this study, a cut-off point of 6 was
applied.

2.2.3. Japanese version of the ADHD-Rating Scale-IV

The ADHD Rating Scale-1V is a reliable and easy-to-administer
instrument both for diagnosing ADHD in children and adolescents
and for assessing treatment response (DuPaul et al, 1998). The
Japanese version of the home form of the ADHD-RS was
standardized by Yamasaki et al. (2002), and was developed with
good reliability and validity (Tani et al., 2010). ASSQ, Brief AQ, and
ADHD-RS-1V were rated by participant’s parents.

2.2.4, WISC-IV (Japanese version)

All participants completed the 10 Wechsler Intelligence Scale
for Children (WISC-1V) subtests comprising the four indexes (VC],
PRI, WM, and PSI) (Japanese WISC-IV Publication Committee,
2010). The Japanese version of the WISC-IV was standardized for
Japanese children aged 5-16 years, and was shown to have good
reliability and validity.

2.2.5. CANTAB®

We employed the CANTAB® to assess the EFs that are impaired
or spared in ASD or ADHD. The newly developed computerized EF
battery of the CANTAB® was developed to assess specific
disabilities in children with developmental disorders such as
ASD and ADHD.

— 108 —



N. Matsuura et al. /Asian Journal of Psychiatry 12 (2014) 50-57 53

Table 2
Demographic data for children among typically developing (TD), autism spectrum
disorders (ASDs), and attention deficit hyperactivity disorder (ADHD) subjects.

TD (N=19) ASD (N=11)  ADHD (N=15)
Age M (SD) 114 (1.6) 12.0(2.2) 10.8 (1.8) n.s.
FSIQ M (SD) 111.8 (13.4) 105.6 (14.3) 103.8 (14.9) n.s.
Gender (M/F) 12/7 11/0 13/2
Medicated (%) 0 2 (18.2%)° 13 (86.7%)°
Pubic financial assistance 0 0 o]
Parental separation 0 0 0

One-way analysis of variance, all differences in scores are significant. *p <.05,
**p<.01.

4 One was received risperidone, the other was received osmotically controlled-
release oral delivery system - methylphenidate.

b All were received osmotically controlled-release oral delivery system -
methylphenidate.

As shown in Table 1, we selected four tasks from the CANTAB®:
Rapid Visual Information Processing (RVP) in which the core
domain is attention; spatial working memory (SWM) in which the
core domain is EF; delayed matching to sample (DMS) in which the
core domain is visual memory; and spatial span (SSP) in which the
core domain is EF. Thirteen children with ADHD and two children
with ASD were medicated. Before administering the CANTAB® test
and WISC-1V, stimulant medication was withheld for 24 h, which is
considered as a sufficient washout period (Greenhill, 1998).

2.3. Statistical analysis

All quantitative data was tested for homoscedasticity. Next, to
assess the differences among the three groups, we conducted a
one-way analysis of variance (one-way ANOVA), and Tukey’s
honestly significant difference (HSD) test was used for post hoc
analysis when the F value was significant. All analysis was
completed using IBM SPSS version 20.

2.4. Ethic

The protocol used for this study was approved by the ethics
committee of the Tokyo University of Social Welfare and the
University of Fukui. After a complete explanation of the study,
written informed consent was obtained from each subject and
their parent.

3. Results

3.1. Demographic data for children and their family in the three
groups

No significant differences were observed in the mean age or the
mean score on full scale IQ among the three groups. All participants
with ADHD received methylphenidate via osmotically controlled
release oral delivery system (OROS). None of the families of any
participants received any kind of welfare, and none of the children
had experienced parental separation such as divorce or bereave-
ment.

3.2. Group comparison of psychological assessment scores

The psychological assessment scores for children in the TD, ASD,
and ADHD groups are shown in Table 3. The mean scores of the
ASSQ were as follows: 2.3 (SD = 3.4) for TD, 28.1 (SD = 8.8) for ASD,
and 14.1 (SD = 7.5) for ADHD. There was a significant main effect of
group (F(2, 44) =55.2, p <.01). Post hoc analysis using Dunnett’s
T3 test revealed that the ASD group had a significantly higher score
than either the ADHD or the TD groups, and the ADHD group had a
significantly higher score than the TD group. This result indicates
that the ASD group had marked autistic symptoms compared to
the other groups, and the ADHD group showed significant autistic
tendencies compared to the TD group. Similarly, results from the
brief AQ score followed the pattern of the ASSQ, i.e., a significant
main effect of group (F(2, 44) = 40.1, p < .01). Further, Dunnett’s T3
test revealed that the ASD group had a significantly higher score
than that for either the ADHD or TD groups, and the ADHD group
had a significantly higher score than that for the TD group. We
confirmed that parents of children with ADHD had evaluated that
he/she also experienced some kinds of autistic symptoms. In the
meantime, the mean total scores of ADHD-RS-IV were as shown:
2.0 (SD=2.7) for TD, 12.0 (SD =5.9) for ASD, and 20.2 (SD=12.7)
for ADHD. There was a significant main effect of group (F(2,
44)=21.5, p < .01), and the post hoc analysis with Dunnett’s T3
test showed that the ADHD group had significantly higher scores
than that for either the ASD or TD groups, and the ASD group had
significantly higher scores than that of the TD group. This result
suggested that children with ASD had some ADHD symptoms. In
addition, the mean ADHD-RS-IV inattention scores were as
follows: 1.3 (SD=1.5) for TD, 8.4 (SD=4.7) for ASD, and 17.8
(SD = 21.2) for ADHD. There was a significant main effect of group

Table 3
Psychological assessment scores for children among typically developing (TD), autism spectrum disorders (ASDs), and attention deficit hyperactivity disorder (ADHD)
subjects.
TD (N=19) ASD (N=11) ADHD (N=15) F value* Post hoc analyses”
ASSQ Score M (SD) 23 (34) 28.1 (8.8) 14.1 (7.5) 55.2** ASD > ADHD >TD
N (percentage of more than cut-off) 0 (0%) 9 (81.8%) 3 (20%)
Brief-AQ Score M (SD) 2.5 (1.8) 7.6 (2.0) 5.0 (2.6) 20.1% ASD > ADHD >TD
N (percentage of more than cut-off) 0 (0%) 9 (81.8%) 6 (40%)
ADHD-RS-1V Total Score M (SD) 2.0 (2.7) 120 (5.9) 20.2 (12.7) 21.5** ADHD > ASD >TD
80% tile 0 (0%) 2 (18.2%) 8 (53.3%)
85% tile 0 (0%) 1(9.1%) 7 (46.7%)
93% tile 0 (0%) 0 (0%) 6 (40%)
ADHD-RS-1V Inattention Score M (SD) 1.3 (1.5) 8.4 (4.7) 17.8 (21.2) 7.3 ADHD >TD, ASD >TD
80% tile 0 (0%) 3(27.3%) 9 (60%)
85% tile 0 (0%) 1(9.1%) 6 (40%)
93% tile 0 (0%) 1(9.1%) 6 (40%)
ADHD-RS-1V Hyperactivity and Impulsivtity score M (SD) 0.7 (1.5) 3.6 (3.5) 12.7 (22.9) 3.5* ADHD >TD
80% tile 0 (0%) 2 (18.2%) 6 (40%)
85% tile 0 (0%) 1(9.1%) 3 (20%)
93% tile 0 (0%) 0 2 (13.3%)

2 One-way analysis of variance, all differences in scores are significant. *p <.05, **p <.01.
P Method of Dunnett's T3 is adopted because all variables do not have homoscedasticity.
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Table 4
Cognitive assessment (WISC-1V) scores for children among typically developing (D), autism spectrum disorders (ASDs), and attention deficit hyperactivity disorder (ADHD)
subjects. '
TD (N=19) ASD (N=11) ADHD (N=15) F value® Post hoc analyses”
M SD M SD M SD
FSIQ 111.8 13.4 1054 14.3 103.8 14.9 1.5
Composite scores
Verbal comprehension 107.5 119 103.1 17.3 103.1 124 0.6
Perceptual reasoning 1119 11.6 103.9 12.2 1049 131 2.0
Working memory 109.1 17.2 111.6 16.6 101.2 217 1.2
Processing speed 105.0 109 97.4 10.2 99.3 11.3 2.1
Subtests
Vocabulary 11.5 2.5 10.4 2.8 10.7 2.6 0.8
Similarities 11.0 2.4 11.7 3.4 1.5 2.3 0.4
Comprehension 117 2.9 9.8 3.2 9.7 3.2 2.3
Block design 11.7 2.6 12.2 3.1 141 4.1 0.4
Picture concepts 11.2 2.6 8.7 25 101 21 3.6" TD > ASD
Matrix reasoning 12.4 2.2 10.9 2.7 111 2.2 2.0
Digit span 11.2 34 11.9 2.7 10.3 4.4 0.7
Letter-number sequencing 12 35 12.2 3.3 10.3 3.6 1.4
Coding 11.0 2.0 9.2 2.6 9.2 2.6 3.2
Symbol search 11.2 3 10.2 2.2 109 2.1 0.5

@ One-way analysis of variance. *p <.05.

" Tukey's honestly significant difference test is adopted because all variables are normally-distributed and have homoscedasticity.

(F(2,44)=7.3,p < .01), and the post hoc Dunnett’s T3 test revealed
that both the ADHD and ASD groups had significantly higher scores
than that of for the TD group. For the mean of ADHD-RS-IV
hyperactive and impulsivity score, a significant main effect of
group (F(2,44) = 3.5, p < .05) was observed, and we confirmed that
the ADHD group had a significantly higher score than that of the TD
group by post hoc analyses. This suggested that children with ASD
showed more inattentive tendencies rather than hyperactive and
impulsive symptoms compared to the tendencies shown by
children with TD.

3.3. Group comparison of cognitive assessment (WISC-IV)

The mean scores of WISC-IV for TD, ASD, and ADHD group are
shown in Table 4. There were no significant differences in full scale
1Q and all composite scores. The ASD group scored significantly
lower on the subtest of “Picture concept” compared to the TD
group (F(2, 36)=2.72, p < .05).

3.4. Group comparison of neuropsychological battery (CANTAB®)
scores

Table 5 shows the results of neuropsychological battery scores
for children in the three groups. On the SWM test, a significant
difference between groups was seen (F(2, 45)=3.64, p <.05).
Tukey’s HSD post hoc tests showed that the ADHD group had a
significantly lower score than the TD group. In contrast, there were

Table 5

no significant differences among the three groups on the scores of
RVP, DSM, or SSP.

4. Discussion

The purpose of the present study was to identify particular
unique and common features in children with ASD and ADHD,
using a variety of screening behavioral checklists, cognitive
assessments, and a comprehensive neuropsychological test
battery. It is well-known that ASD and ADHD are often comorbid
in childhood and early adolescence, often leading to misdiagnosis
and less than optimal treatment strategies. We conducted multiple
assessments for children with ASD and ADHD, as well as TD
children, based on our hypnotized that it is possible to discriminate
between the two groups by identifying psychological, behavioral,
cognitive, and EF features.

4.1. Demographic data and psychological and behavioral
characteristics

As shown in Table 2, all subjects in the study were aged
between 10 and 15 years, providing a relatively narrow age
bracket. Additionally, there were no significant differences in the
mean scores of FSIQ between the three groups, suggesting a high
degree of homogeneity in their overall cognitive abilities. Some
previous studies have used a computerized battery of tests to show
that children with ADHD and ASD have deficits in EF such as

Neuropsychological battery (CANTAB) scores for children among Typically Developing (TD), autism spectrum disorders (ASD), and attention deficit hyperactivity disorder

(ADHD) subjects.

TD (N=19) ASD (N=11) ADHD (N=15) F value® Post hoc analyses”
M SD M SD M SD

MOT 90.7 323 90.6 22.7 104.2 35.6 0.9

RVP 238.9 79.8 241.8 27.7 254.7 61.2 0.3

SWM (Between errors standard score) 0.58 0.63 -0.027 1.09 -0.024 0.76 3.3% TD < ADHD

SWM (strategy standard score) 0.46 1.14 -0.29 1.13 -0.16 0.87 1.3

DMS (percent correct alldelays standard score) 0.27 1.43 0.19 1.36 0.7 0.95 0.7

DMS (percent correct simultaneous standard score) 0.26 1.03 0.14 1.13 0.48 0.73 0.4

DMS (prob error given error standard score) -0.32 1.90 0.24 1.34 0.76 0.56 1.8

SSP (standard score) 0.86 1.04 0.47 0.85 0.33 1.04 1.3

4 One-way analysis of variance. *p <.05.

b Tukey's honestly significant difference test is adopted because all variables are normally-distributed and have homoscedasticity.
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inhibition, planning, set-shifting, and SWM (Goldberg et al., 2005;
Corbett et al,, 2009). While those findings provide strong evidence
for the existence of differences in EF between children with ADHD
and ASD, large differences in age and IQ between the groups would
have a significant effect on the results. In a study by Corbett et al.
(2009), children with ASD scored approximately about 18 points
lower than that by children with TD. In addition, Goldberg et al.
{2005) found that the mean FSIQ of children with high functioning
autism was significantly lower than that for the other two groups.
Therefore, we aimed to minimize group differences in age and IQ to
allow adequate examination of the specific characteristics of each
group. Additionally, none of the families who participated in our
study received any public financial assistance, and all the children
had two biological parents, suggesting that there was little
difference in socio-economic status.

4.2. Group comparison of psychological assessment scores

According to DSM-IV TR and ICD-10, a diagnosis of autism or
Asperger’s syndrome precludes a diagnosis of ADHD. However,
despite the different conceptualization, population-based twin
studies have reported symptom overlap, and a recent epidemio-
logically based study reported a high rate of ADHD in both autism
and ASD (Taurines et al., 2012).

As shown in Table 3, according to the results of the ASSQ and
brief AQ, which are considered to evaluate the degree of autistic
behavioral symptoms, children with ASD had markedly high scores
compared to both the other groups. More than 80% of the subjects
in the ASD group scored above the cut-off point scores, while only
20% of the subjects in the ADHD group scored above the cut-off
point scores (>19 for ASSQ; >6 for brief AQ). Our findings suggest
that the ASD and ADHD groups might share common character-
istics; on the other hand, subtle behavioral differences between the
two groups were also noted.

ADHD-RS version IV has been widely used as an evaluation tool
for children and adolescents with ADHD. Our statistical analyses
showed that, regarding the total score, the ADHD group had
markedly higher scores than that for either the ASD or TD groups.
Additionally, the ADHD and ASD groups had higher scores than
that for the TD group on the in inattention subscale. In contrast,
there were no significant differences between the hyperactivity
and impulsivity scores for the ASD and TD groups. Therefore, our
findings suggest that a tendency toward inattention might be
frequently found in both the groups, while hyperactivity and
impulsivity were evident only in the ADHD group; these findings
are in accordance with those shown in previous studies. Therefore,
by concurrently using brief AQ, ASSQ, and ADHD-RS, it should be
possible to discriminate between the two groups based on their
symptomatology.

4.3. Group comparison between cognitive assessment scores

Our results show that the ASD group had a lower score than the
TD group in Picture concept, which is a subscale of perceptual
reasoning. There were no significant differences among the three
groups in FSIQ and four index scores. Some studies of children with
ASD and ADHD by using WISC have indicated that performance
pattern differences between the two groups exist on verbal
intelligence (Zayat et ai, 2011) or verbal comprehension and
vocabulary (Koyama et al., 2006). Oliveras-Rentas et al. {2012)
revealed that impaired processing speed is associated with
increased autism communication symptoms. Similarly, Mayes
and Calhoun (2008) showed that children with HFA had higher
scores in “Picture concept” compared to other subtests. Our
findings, however, did not support this. There are relatively few
studies on relationships between precise WISC profile and these

disorders. Our results implied that 1Q score differences might be
very small when age, sex, and socio-economic status are
controlled.

4.4. Group comparison of CANTAB® scores

Our results show that the ADHD group had a significantly lower
score than that of the TD group when considering the between
errors standard score of SWM; no group differences were found in
performance in the RVP, DMS, and SSP tasks. Because of the lack of
group differences in three tasks, it appears that children with ASD
and ADHD have no difficulties in perceptual processing or with
visual and spatial short-term memory. On the other hand,
performance of the ADHD group in the SWM task was significantly
lower than that of the TD and ASD groups. The SSP and SWM tasks
require temporary retention of spatial information. Since there was
no significant difference between the performance of the ASD and
ADHD groups in the SSP task, it seems that these children have no
difficulty in retaining spatial information. If this is the case, why
was performance of the ADHD group in the SWM task lower than
that of the ASD group? Unlike the SSP task, the SWM task requires
not only temporary retention but also active processing. While the
SSP and DMS tasks require children to temporarily retain
visuospatial information, the SWM tasks also requires them to
look for a target hidden in the box. As mentioned above, children
with ADHD have no difficulty in retaining spatial information.
Therefore, it is possible that children with ADHD have a deficit in
active processing. However, there is another possibility to explain
the low performance of children with ADHD in the SWM task. Even
though the RVP task requires active processing (i.e., looking for a
target), performance of the ASD and ADHD groups was the same,
indicating that children with ADHD do not have difficulty in
looking for a target in this task. Thus, we need to look at a different
aspect of the SWM task. In the SWM task, children are required to
conduct both temporary retention and active processing simulta-
neously. Itis possible that compared to children with ASD, children
with ADHD have difficulty in simultaneously using two cognitive
functions, since there were no group differences regarding
performance in the RVP, DMS, and SSP tasks. Impaired EFs in
ADHD become more apparent with increasing task demands (Gau
and Shang, 2010a,b). However, this theoretical argument remains a
matter of speculation and would be an interesting subject of future
research.

In other previous studies, Goldberg et al. (2005) showed that
both children with HFA and ADHD performed worse than controls
in remembering the locations where tokens were previously
found. Similarly, Corbett et al. (2009) showed significant differ-
ences in both the between errors standard score and the strateg
standard score of the SWM (ASD <TD; ASD < ADHD). Our
results are in agreement with those shown in previous studies,
which suggested a wide range of significant differences among
other measures such as SSP (Spatial Span subtest; ASD < TD,
ADHD < TD) (Corbett et al., 2009).

According to Luciana's (2003) review, by the age of 12 years,
children have not yet reached adult levels of task performance in
the SWM test in terms of either error scores or strategy scores.
Additionally, she pointed out that the ability to associate specific
disorders with distinctive performance profiles has so far been
limited by small clinical samples and varying subtask batteries
across studies. Interestingly, our findings are partly consistent with
the results of the analyses by Luciana {2003}, However, we believe
that not only the CANTAB™ battery but also a combination of
assessments could reveal complex EF features among different
developmental disorders.

To summarize, several studies evaluated the EF in children with
ASD and with ADHD by using CANTAB®. However, these studies
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yielded inconsistent results in the subtests of CANTAB®, This lack
of robustness in the findings may be due to the relatively small
sample sizes. However, our sample was relatively homogeneous
compared with those of previous studies in term of age, sex, IQ, and
socio-economic status. We carefully controlled these variables,
which allowed us to observe clear differences between children
with ASD and those with ADHD in the SWM task. To our
knowledge, this is the first study to use the CANTAB™ to investigate
EF in children aged between 10 and 15 years with ASD or ADHD in
Japan. Although the CANTAB® is not a perfect method, it does have
many advantages in evaluating the EF for children with
neurodevelopmental disorders. Our research findings will contrib-
ute to resolving inconsistencies in this field of study.

5. Limitations

The current study has a number of limitations that need to be
considered. Firstly, the number of participants in the study was not
large, and the ratio of males to females was imbalanced. Secondly,
the number of subtests in the neuropsychological battery was
limited. If we conducted many more subtests of the CANTABY,
additional findings might be uncovered. Thirdly, the participants
who were on medication had their medication withheld for 24 h
prior to taking the CANTAB™ test and WISC assessment, which
might have affected on our results.

6. Conclusions

We identified specific cognitive features in children with ASD
and ADHD by using multidimensional screening behavioral
checklists, cognitive assessments, and a comprehensive neuropsy-
chological battery. We could distinguish between ASD and ADHD
by using a combination of various assessments, because two
groups showed unique characteristics in their cognitive ability and
EF. In conclusion, although ASD and ADHD have many overlapping
features, we can reach a comprehensive distinction by focusing on
behavioral, cognitive, and EF features. The scores on the ASSQ, brief
AQ, and “Picture concept” subscale of the WISC-IV are useful in
making a differential diagnosis of ASD. Additionally, the scores of
the ADHD-RS-IV and SWM of the CANTAB™ battery were helpful in
making a differential diagnosis of ADHD. The results of the
CANTAB® suggest that children with ADHD have difficulty in
simultaneously using two cognitive functions.
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