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Abstract 
This study examined the neuropsychological functioning in autism spectrum 
disorder (ASD), attention deficit hyperactivity disorder (ADHD), and comor-
bid ASD and ADHD (ASD + ADHD), using five domains of the Develop-
mental Neuropsychological Assessment (NEPSY): Attention and Executive 
Functions, Language, Visuospatial Processing, Sensorimotor Functions, and 
Memory and Learning. The participants were 6- to 12- year-old Egyptian 
children with ASD (n = 17), ASD + ADHD (n = 15), ADHD (n = 37), and 
typical development (TD; n = 29). TD children scored highest on the NEPSY 
domains, then children with ADHD, followed by children with ASD and ASD 
+ ADHD. Children with ASD or ASD + ADHD performed significantly 
poorer than TD children on all NEPSY domains. Children with ADHD exhi-
bited significantly poorer performance than TD children on NEPSY domains 
of Attention and Executive Function, Language, and Memory and Learning. 
Also, both ASD and ASD + ADHD groups scored significantly lower than 
ADHD group on all other NEPSY domains except Visuospatial Processing. 
There were no significant differences between ASD and ASD + ADHD groups 
on NEPSY. Compared to TD children, our results suggest that ADHD symp-
toms in children with ASD may worsen the ability to plan, hand motor coor-
dination, and memorizing names. Nevertheless, the presence of ADHD 
symptoms may mitigate the difficulties that children with ASD exhibit in oth-
er neuropsychological areas, such as verbal fluency, hand praxis, finger gnosis, 
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and face memory. 
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1. Introduction 

Deficits in neuropsychological abilities have been described in both autism spec-
trum disorder (ASD) and attention deficit hyperactivity disorder (ADHD). The 
diagnostic criteria for ASD and ADHD are distinct; children with ASD are cha-
racterized by impaired social and communication skills and by restricted repeti-
tive stereotyped pattern of behavior, whereas children with ADHD mainly 
present symptoms of inattention, hyperactivity and impulsivity (APA, 2013; 
WHO, 1993). However, it is not uncommon to have overlapping symptoms of 
ADHD and ASD in one child, such as deficits in attention, behavioral problems 
and social difficulties and several studies demonstrated that about 20% - 50% of 
children with ADHD meet the diagnostic criteria for ASD and about 30% - 80% 
of children with ASD meet the diagnostic criteria for ADHD (Mattila et al., 2010; 
Rommelse, Franke, Geurts, Hartman, & Buitelaar, 2010). There have been de-
bates, over the last decade about overlapping symptoms and comorbidity of ASD 
and ADHD (Ames & White, 2011; Gargaro, Rinehart, Bradshaw, Tonge, & 
Sheppard, 2011; Reiersen & Todd, 2008; Ronald, Simonoff, Kuntsi, Asherson, & 
Plomin, 2008; Taurines et al., 2012), leading to acceptance of dual diagnosis of 
ASD and ADHD in DSM-5 (APA, 2013). 

There are no published studies comparing different domains of the neurop-
sychological profile (attention and executive function, language, visuospatial ab-
ilities, sensorimotor abilities, and memory and learning domains) in children 
with ASD, ADHD and comorbid ASD and ADHD (ASD + ADHD). Previous 
studies, which have evaluated these domains, separately included children with 
ASD (Barron-Linnankoski et al., 2015; Hooper, Poon, Marcus, & Fine, 2006; 
Narzisi, Muratori, Calderoni, Fabbro, & Urgesi, 2013; Williams, Goldstein, & 
Minshew, 2006a) or ADHD (Rizzutti et al., 2008; Rucklidge & Tannock, 2002). 
Further, studies that investigated the differences of neuropsychological func-
tioning between children with ASD and ADHD, only analyzed some selected 
neuropsychological abilities, such as sustained attention (Johnson et al., 2007), 
inhibitory control (Bu ̈hler, Bachmann, Goyert, Heinzel-Gutenbrunner, & Kamp- 
Becker, 2011), or executive function (Geurts, Verte, Oosterlaan, Roeyers, & Ser-
geant, 2004; Goldberg et al., 2005; Happé, Booth, Charlton, & Hughes, 2006; 
Matsuura et al., 2014). In these studies, children with ADHD demonstrated defi-
cits in sustained attention and response inhibition, compared to children with 
ASD (Johnson et al., 2007; Buhler et al., 2011). Results of studies examining re-
sponse inhibition, planning and cognitive flexibility (i.e., shifting attention) in 
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ASD are not, however, consistent (Geurts et al., 2004; Goldberg et al., 2005; 
Happé et al., 2006; Johnson et al., 2007; Van der Meer et al., 2012). Similarly, 
studies evaluating the influence of comorbidity in ASD + ADHD diagnoses fo-
cused on individual abilities, such as attention (Sinzig, Bruning, Morsch, & 
Lehmkuhl, 2008a), inhibitory control (Takeuchi et al., 2013), or executive func-
tion (Sinzig, Morsch, Bruning, Schmidt, & Lehmkuhl , 2008b; Yerys, et al., 2009; 
Tye et al., 2014) but not the wider neuropsychological profile. Sinzig and col-
leagues (2008b) found that children with ASD + ADHD showed deficit in inhi-
biting a pre-potent response and inhibition of an ongoing response in addition 
to deficits in planning and flexibility, but there were no indication that children 
with ASD + ADHD would have a specific attention profile, when compared to 
pure ASD (Sinzig et al., 2008a). Tye and colleagues (2014) suggested that child-
ren with ASD + ADHD presented an additive combination of deficits of both 
disorders. It is also noteworthy to mention that majority of neuropsychological 
studies on individuals with ASD, ADHD, and ASD + ADHD were conducted in 
the Western World with no data originating from the Middle East. 

With the above-mentioned gaps in literature in mind, we established a pros-
pective comparative study to examine the similarities and differences of the 
neuropsychological performance between Egyptian children with ASD, ASD + 
ADHD, ADHD and TD, using a single multi-domain neuropsychological battery 
(the NEPSY, Korkman, 2000). 

2. Method 
2.1. Participants and Procedure 

A total of sixty-nine Arabic speaking Egyptian children with ASD (n = 17), ASD 
+ ADHD (n = 15), and ADHD (n = 37) participated in the study with their TD 
counterparts (n = 29). Table 1 details the demographic information of the par-
ticipants. The diagnostic groups were recruited through the child psychiatry 
outpatient clinic of the Abbassia Mental Hospital-a tertiary referral public hos-
pital (ASD, n = 6; ASD + ADHD, n = 7; ADHD, n = 16), and a private child 
psychiatry clinic in Cairo (ASD, n = 11; ASD + ADHD, n = 8; ADHD, n = 21), 
over two years (2007 and 2008). The TD children were randomly selected from 
public (n = 12) and private (n = 17) mainstream schools in Cairo. Children were 
recruited from public and private sectors, so that the study groups would be 
representative of different socioeconomic statuses. 

Psychiatric diagnoses were set according to International Statistical Classifica-
tion of Diseases and Related Health Problems, 10th revision (ICD-10) (WHO, 
1993) and confirmed with Autism Diagnostic Interview (ADI-R; Lord, Rutter, & 
Le Couteur, 1995) and Autism Diagnostic Observation Schedule (ADOS; Lord, 
Rutter, Dilavore, & Risi, 2000). The Schedule for Affective Disorders and Schi-
zophrenia for School-Age Children/Present and Lifetime Version (K-SADS-PL; 
Kaufman et al. 1997; based on the Diagnostic and Statistical Manual of Mental 
Disorders, 4th Edition, DSM-IV (APA, 2013) was used to confirm the diagnosis 
of ADHD. Severe developmental disorders (e.g., specific language impairment,  
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Table 1. Demographic and psychometric data of study participants. 

 ASD (n = 17) ASD+ADHD (n =15) ADHD (n = 37) TD (n = 29)  

Gender (boys/girls) 16/1 13/2 29/8 20/9  

Autism diagnosis      

AS 7 10 0 0  

HFA 10 5 0 0  

ADHD subtype      

Combined 0 2 21 0  

Inattentive 0 2 11 0  

Hyperactive 0 11 5 0  

Age      

Range 6 - 12 6 - 12 6 - 12 6 - 12  

Mean, SD 7.35 (2.09) 7.87 (1.55) 9.19 (1.68) 9.14 (1.94) 
ASD < ADHD** 

ASD < TD* 

FSIQ (mean, SD) 94.41 (21.19) 99.93 (17.34) 111.11 (17.72) 124.90 (11.11) 

ASD < ADHD** 
ASD < TD*** 

ASD + ADHD < TD*** 
ADHD < TD** 

VIQ (mean, SD) 97.82 (22.93) 104.60 (17.02) 120.89 (17.51) 135.00 (10.64) 

ASD < ADHD*** 
ASD < TD*** 

ASD + ADHD < ADHD* 
ASD + ADHD < TD*** 

ADHD < TD** 

PIQ (mean, SD) 92.00 (17.44) 94.73 (16.85) 98.14 (17.69) 109.00 (12.59) 
ASD < TD** 

ASD + ADHD < TD* 
ADHD < TD* 

One-way analysis of variance (ANOVA) with Post hoc group comparisons for age and IQ differences, *p < 0.05, **p < 0.01, ***p < 0.001. ASD = autism 
spectrum disorder; ASD + ADHD = comorbid ASD and ADHD; ADHD = attention deficit hyperactivity disorder; TD = typically developing children; AS = 
Asperger Syndrome; HFA = high functioning autism; FSIQ = Full scale IQ; VIQ = Verbal IQ; PIQ = Performance IQ. 

 
epilepsy, and fragile-X), a full scale of IQ (FSIQ) lower than 70 measured with 
the Arabic version of Wechsler Intelligence Scale for Children-Third Revision 
(WISC-III; Kamel & Ismail, 1999; Wechsler, 1991), and ADHD medication (i.e., 
psychostimulants and Atomoxetine) were used as exclusion criteria. However, 
one child, who started Atomoxetine therapy one week prior to the assessment 
was included in the study, as there is a four- to six-week window period before 
the therapeutic effect of this medication starts (Taylor, Paton, & Shitij, 2012). 

The study was approved by the ethical committee of the Rights of Human 
Subjects in Scientific Research in General Secretariat of Mental Health in Cairo, 
Egypt. The procedure was fully explained to the participants’ parents and in-
formed consents were obtained from all parents before study enrolment. 

2.2. Measures 

A developmental neuropsychological assessment NEPSY for 3- to 12-year-old 
children was employed to investigate the neurocognitive development in five 
neuropsychological domains (i.e., Attention and Executive Functions, Language, 
Sensorimotor Functions, Visuospatial Processing, and Memory and Learning) 
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and each domain comprises of several subtests (Korkman, Kirk, & Kemp, 1997; 
Korkman, Kirk, & Kemp, 1998). We addressed the first edition of NEPSY, as 
NEPSY-II was not available during the time of data collection. The NEPSY is 
adapted and standardized from its original Finnish version (Korkman et al., 
1997) into a United States (US) version (Korkman, et al., 1998). The original 
Finnish NEPSY subtests of Object Recognition, Object Memory, and Compre-
hension of Sentence Structure do not exist in US NEPSY version. The psycho-
metric properties of NEPSY are satisfactory (Korkman, 2000). All NEPSY sub-
tests have verbal instructions and most of them include initial practice trials to 
reduce the novelty effect and to ensure that the participant understands the task. 

For the purpose of this study, the authors translated the US version of NEPSY 
into Arabic. In addition, the NEPSY subtest of Comprehension of Sentence 
Structure was translated from the Finnish version of NEPSY into Arabic. A 
process of repeated translation and back-translation took place until the con-
gruent Arabic version was achieved. Arabic versions of Comprehension of Sen-
tence Structure, Comprehension of Instruction, and Sentence Repetition subtests 
have the same content and nearly the same number of words as the original 
US/Finnish versions. In Narrative Memory subtest, we made certain that the 
Arabic version of the story has the same sequence of events, same number of 
sentences, and same total number of words as the US NEPSY version. Appropri-
ate Arabic list of words has been chosen carefully for Phonological Processing 
subtest to allow omitting and substituting syllables producing new real words. 
Arabic tongue twisters have been used for Oromotor Sequences subtest. Re-
garding the selecting of suitable Arabic letters for the phonemic part of Verbal 
Fluency subtest, letters S (seen) and F (faa) were found to be appropriate re-
garding the frequency of the words that start with these letters and because these 
letters are not commonly attached to the words as prefixes. List Learning and 
Memory subtest was also translated into Arabic. Eight Arabic names were 
elected for Memory of Names subtest. In order to implement Auditory Attention 
and Response Set subtest, a new audiotape was recorded in Arabic language, on 
which words and colors are recorded in the same order and at the same speed as 
on the English audiotape. In repetition of Nonsense Words subtest, the original 
US NEPSY audio recording was used. 

Full neuropsychological assessment using the NEPSY was undertaken with all 
participants, by the same examiner in a quiet room during two sessions, each 
lasting 1 - 1.5 hours. Short descriptions of the employed NEPSY subtests in each 
domain are listed below: 

Attention and Executive Functions includes six subtests (Tower, Auditory At-
tention and Response Set, Visual Attention, Statue, Design Fluency, and Knock 
and Tap), that which measure the ability to shift and maintain selective atten-
tion, motor persistence and inhibition, non-verbal fluency and self-regulation. 

Language domain includes seven subtests (Phonological Processing, Speeded 
Naming, Comprehension of Instructions, Repetition of Nonsense Words, Verbal 
Fluency, Oromotor Sequences, and Comprehension of Sentence Structure), that 
evaluate phonemic awareness, the ability of producing and recalling words ra-
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pidly, ability to understand and respond quickly to verbal instructions, ability to 
understand grammar, ability to encode and decode by repeating a pattern of 
nonsense words, ability to produce words and oromotor coordination. 

Visuospatial Processing includes five subtests (Design Copying, Arrows, Block 
Construction, Route Finding, and Visual Recognition), that measure the ability 
to copy two dimensional shapes, visuomotor integration, line orientation, the 
ability to make three-dimensional constructions, the visual-spatial relation and 
directionality, visual recognition and perception. 

Sensorimotor Functions includes five subtests (Fingertip Tapping, Imitating 
Hand Positions, Visuomotor Precision, Manual Motor Sequences, and Finger 
Discrimination), that assess the ability to finger dexterity, ideomotor praxity, vi-
suomotor coordination, manual motor coordination, and ability to identify fin-
gers using tactile information without the aid of vision. 

Memory and Learning includes six subtests (Memory for Faces, Memory for 
Names, Narrative Memory, Sentence Repetition, List Learning, and Visual 
Memory), to assess the visual short-term memory, visuoverbal association 
memory, auditory working memory, and verbal learning. 

2.3. Statistical Analysis 

The statistical analyses were carried out using the IBM SPSS statistical software 
program, version 22.0. Since there are no available standardized scores for 
Arabic speaking children, we utilized the NEPSY total raw scores controlling for 
age, instead of age normed standard scores. Higher raw scores indicate better 
performance in all NEPSY subtests except for Fingertip Tapping subtest, in 
which the total score is the time taken to accomplish the task with a maximum 
total time of 300 seconds. In order to facilitate the comparisons between NEPSY 
subtests, participants’ raw scores in Fingertip Tapping subtest were subtracted 
from the maximum score of 300 so that the higher score would indicate better 
performance also on that subtest. Furthermore, to examine the differences be-
tween groups on the five NEPSY domains (Attention and Executive Function, 
Language, Visuospatial Processing, Sensorimotor Function, and Memory and 
Learning) and assuming that the subtests included in each NEPSY domain are 
assessing the same neuropsychological function (Korkman et al., 1998), we 
formed a new set of Domain Scores by summing the raw scores of the subtests 
included in each domain (e.g. Domain Score of Attention and Executive Func-
tion is the sum of the raw scores of Tower, Auditory Attention and Response 
Set, Visual Attention, Statue, Design Fluency, and Knock & Tap subtests). 

There were significant age and IQ differences between the groups (Table 1). 
The relatively small sample size restrained us from using multiple covariates, 
thus we chose to control for age in our further analysis. To examine the differ-
ences in mean scores in NEPSY Domain Scores and NEPSY subtests’ raw scores, 
we conducted multivariate analyses of covariance (MANCOVA) test with the 
groups (i.e. ASD, ADHD, ASD + ADHD, and TD groups) as a fixed factor and 
either NEPSY Domain scores or NEPSY raw scores as dependent variables, con-
trolling for age (Table 2). We found a significant main effect of group (F (15,  
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Table 2. Means and standard errors of raw scores for NEPSY domains and subtests by MANCOVA controlling for age. 

 
ASD 

M (SE) 
ASD+ADHD 

M (SE) 
ADHD 
M (SE) 

TD 
M (SE) 

Attention and Executive Functions 64.59 (15.03) 69.13 (19.35) 147.46 (8.00) 177.35 (6.24) 

Tower 11.09 (0.84) 11.21 (0.87) 14.00 (0.56) 15.17 (0.62) 

Auditory Attention & Response Set0 13.14 (8.44) 9.79 (8.72) 54.23 (5.65) 70.62 (6.24) 

-Auditory Attention 13.86 (4.60) 12.76 (4.75) 35.24 (3.08) 40.68 (3.40) 

-Response Set 0.71 (4.54) 2.99 (4.69) 18.99 (3.03) 29.94 (3.35) 

Visual Attention 7.28 (1.29) 8.80 (1.33) 11.99 (0.86) 14.73 (0.95) 

Statue 13.94 (1.61) 16.92 (1.66) 22.83 (1.07) 23.72 (1.19) 

Design Fluency 10.80 (1.63) 10.34 (1.68) 17.76 (1.09) 20.71 (1.20) 

Knock & Tap 20.26 (1.47) 19.31 (1.51) 25.35 (0.98) 27.99 (1.08) 

-Knock & Tap-part 1 11.66 (0.68) 10.75 (0.70) 13.03 (0.45) 14.31 (0.50) 

-Knock & Tap-part 2 8.60 (0.91) 8.56 (0.94) 12.32 (0.60) 13.68 (0.67) 

Language 117.35 (13.52) 137.33 (10.91) 185.97 (7.51) 217.45 (6.95) 

Phonological Processing 20.17 (1.65) 20.67 (1.71) 25.60 (1.10) 28.89 (1.22) 

Speeded Naming 11.12 (2.79) 11.16 (2.89) 20.11 (1.87) 28.93 (2.07) 

Comprehension of Instructions 15.70 (0.79) 17.36 (0.81) 20.50 (0.52) 23.42 (0.58) 

Repetition of Nonsense Words 14.14 (2.21) 16.61 (2.28) 18.87 (1.47) 20.20 (1.63) 

Verbal Fluency 19.19 (2.69) 25.44 (2.78) 33.88 (1.80) 38.38 (1.99) 

Verbal Fluency-Semantic 14.82 (2.11) 18.67 (2.17) 26.78 (1.40) 29.67 (1.55) 

Verbal Fluency-Phonemic 4.24 (0.95) 6.68 (0.98) 7.16 (0.63) 9.09 (0.70) 

Oromotor Sequences 37.83 (2.79) 40.80 (2.88) 46.72 (1.86) 55.15 (2.06) 

Comprehension of Sentence Structure 13.53 (0.64) 13.98 (0.66) 16.15 (0.43) 17.19 (0.47) 

Visuospatial Processing 81.06 (5.67) 76.53 (6.15) 101.68 (4.06) 111.38 (3.35) 

Design Copying 43.30 (2.80) 40.24 (2.90) 49.16 (1.87) 51.76 (2.07) 

Arrows 14.06 (1.36) 14.21 (1.41) 17.51 (0.91) 21.55 (1.01) 

Block Construction 9.64 (0.69) 8.78 (0.72) 10.49 (0.46) 11.93 (0.51) 

Route Finding 5.06 (0.62) 4.59 (0.64) 5.80 (0.42) 6.34 (0.46) 

Visual Recognition 16.42 (1.18) 13.24 (1.22) 16.26 (0.79) 17.05 (0.87) 

Sensorimotor Functions 261.82 (21.11) 262.67 (27.84) 343.11 (8.17) 368.41 (5.12) 

Fingertip tapping 176.81 (11.78) 175.70 (12.17) 222.915 (7.88) 235.19 (8.71) 

Imitating Hand Positions 16.58 (1.06) 16.33 (1.09) 20.71 (0.71) 21.15 (0.78) 

Imitating Hand Positions-Preferred Hand 8.40 (0.54) 8.24 (0.56) 10.40 (0.36) 10.74 (0.40) 

Imitating Hand Positions-Non-preferred Hand 8.17 (0.58) 8.09 (0.60) 10.30 (0.38) 10.40 (0.43) 

Visuomotor Precision 12.03 (1.88) 12.89 (1.95) 20.23 (1.26) 24.22 (1.39) 

Manual Motor Sequences 41.97 (2.60) 36.61 (2.68) 45.99 (1.74) 51.64 (1.92) 

Finger Discrimination-Preferred Hand 12.46 (0.86) 13.58 (0.89) 15.16 (0.57) 16.55 (0.63) 

Finger Discrimination-Non-preferred Hand 12.13 (0.90) 13.70 (0.93) 15.21 (0.60) 15.91 (0.66) 
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Continued  

Memory and Learning 98.06 (7.48) 106.13 (8.64) 150.70 (5.55) 170.66 (4.65) 

Memory for Faces 19.48 (1.14) 22.35 (1.18) 26.65 (0.76) 26.99 (0.84) 

Immediate Memory for Faces 9.38 (0.58) 11.62 (0.60) 13.21 (0.39) 13.67 (0.43) 

Delayed Memory for Faces 10.06 (0.72) 10.71 (0.75) 13.17 (0.48) 13.33 (0.53) 

Memory for Names 21.91 (1.61) 16.21 (1.67) 20.77 (1.08) 23.29 (1.19) 

Immediate Memory for Names 15.86 (1.19) 11.90 (1.23) 15.11 (0.79) 16.77 (0.88) 

Delayed Memory for Names 6.21 (0.59) 4.96 (0.61) 5.65 (0.40) 6.52 (0.44) 

Narrative Memory 9.40 (1.68) 13.11 (1.74) 24.86 (1.12) 27.56 (1.24) 

Narrative Memory-Free Recall 7.07 (1.97) 9.87 (2.04) 21.05 (1.32) 24.60 (1.46) 

Narrative Memory-Cued Recall 2.32 (0.66) 3.23 (0.68) 3.80 (0.44) 2.95 (0.49) 

Sentence Repetition 12.64 (1.24) 16.01 (1.28) 19.94 (0.83) 24.06 (0.91) 

List Learning 35.80 (3.44) 34.82 (3.56) 46.40 (2.30) 55.94 (2.54) 

Immediate List Memory 30.96 (2.90) 29.04 (2.99) 36.71 (1.94) 44.97 (2.14) 

Delayed List Memory 6.25 (1.29) 5.99 (1.33) 9.53 (0.86) 10.84 (0.95) 

Visual Memory 8.01 (0.55) 9.19 (0.57) 8.92 (0.37) 9.43 (0.41) 

Higher scores reflect better performance. ASD = autism spectrum disorder; ASD + ADHD = comorbid ASD and ADHD; ADHD = attention deficit hyper-
activity disorder; TD = typically developing children. 

 
246) = 4.76, p < .001, Wilks’ Lambda = .495, 2η p  = .209) and age (F (5, 89) = 
6.09, p < .001, Wilks’ Lambda = .745, 2η p  = .255) on NEPSY Domain scores. 
Further we also found a significant main effect of group (F (129, 153) = 2.24, p 
< .001, Wilks’ Lambda = .042, 2η p  = .652) and age (F (43, 51) = 2.57, p < .01, 
Wilks’ Lambda = .315, 2η p  = .685) in NEPSY raw scores. 

In the follow-up between the group analyses we focused on six contrasts con-
trolling for age. First, we compared each diagnostic group with the TD group. 
Second, we compared the diagnostic groups with each other. Effect size was 
evaluated by using the Eta-squared ( 2η p ) statistic. A significant threshold of ≤ 
0.001 was set for NEPSY subtests’ raw scores and of ≤ 0.01 for NEPSY Domain 
Scores to control false discoveries in multiple comparisons. 

3. Results 

Between-group comparisons revealed that TD children scored highest on all 
NEPSY domains, followed by children with ADHD, then children with ASD + 
ADHD and ASD. Children with ADHD showed significantly poorer perfor-
mance than TD children on NEPSY domains of Attention and Executive Func-
tion, Language, and Memory. Also, both ASD and ASD + ADHD groups scored 
significantly lower than ADHD group on all NEPSY domains aside from Vi-
suospatial Processing. Table 2 & Table 3 compares the means of NEPSY do-
mains and neuropsychological performance in TD children, children with 
ADHD, children with ASD + ADHD and ASD, respectively. 

ASD group compared with TD group. ASD group performed significantly  
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Table 3. Neuropsychological performance on NEPSY by MANCOVA controlling for age 

 Comparison with TD group Comparison between diagnostic groups 

 ASD vs. TD 
ASD + ADHD vs. 

TD 
ADHD vs. TD ASD vs. ADHD 

ASD vs. ASD + 
ADHD 

ADHD vs. ASD 
+ ADHD 

 F 
p 

value 
2
pη  F 

p 
value 

2
pη  F 

p 
value 

2
pη  F 

p 
value 

2
pη  F 

p 
value 

2
pη  F 

p 
value 

2
pη  

Attention and Executive 
Functions 

46.09 ≤.001 .517 34.41 ≤.001 .456 9.42 ≤.01 ,132 19.88 ≤.001 .284 .001 .975 .000 16.83 ≤.001 .260 

Tower 12.06 ≤.001 .219 17.92 ≤.001 .304 3.42 .069 .052 5.01 .030 .091 .009 .927 .000 7.30 .009 .132 

Auditory Attention &  
Response Set 

31.61 ≤.001 .424 26.71 ≤.001 .395 7.57 .008 .109 15.18 ≤.001 .233 .037 .848 .001 15.08 ≤.001 .239 

-Auditory Attention 21.95 ≤.001 .338 21.27 ≤.001 .342 2.29 .135 .036 12.64 ≤.001 .202 .008 .928 .000 13.38 .001 .218 

-Response Set 28.29 ≤.001 .397 26.76 ≤.001 .395 13.21 ≤.001 .176 12.05 ≤.001 .194 .071 7.92 .002 13.51 .001 .220 

Visual Attention 21.56 ≤.001 .334 12.18 ≤.001 .229 5.10 .027 .076 7.35 .009 .128 1.36 .252 .045 3.06 .087 .060 

Statue 22.25 ≤.001 .341 8.38 .006 .170 0.42 .517 .007 21.39 ≤.001 .300 0.98 .329 .033 7.69 .008 .138 

Design Fluency 28.07 ≤.001 .395 25.17 ≤.001 .380 3.03 .087 .047 9.94 .003 .166 .004 .950 .000 9.47 .003 .165 

Knock & Tap 18.18 ≤.001 .297 19.84 ≤.001 .326 12.70 ≤.001 .170 6.75 .012 .119 0.11 .742 .004 8.79 .005 .155 

-Knock & Tap-part 1 9.99 .003 .189 16.65 ≤.001 .289 13.64 ≤.001 .180 1.89 .175 .036 0.46 .501 .016 5.61 .022 .105 

-Knock & Tap-part 2 20.28 ≤.001 .321 17.97 ≤.001 .305 6.98 .010 .101 9.77 .003 .163 .001 .975 .000 9.21 .004 .161 

Language 37.29 ≤.001 .464 32.70 ≤.001 .444 10.80 ≤.01 .148 11.53 ≤.01 .187 0.73 .398 .025 7.60 ≤.01 .137 

Phonological Processing 14.93 ≤.001 .258 13.78 ≤.001 .252 4.97 .029 .074 7.71 .008 .134 0.01 .922 .000 6.62 .013 .121 

Speeded Naming 26.77 ≤.001 .384 27.64 ≤.001 .403 10.57 .002 .146 4.40 .041 .081 .023 .881 .001 5.13 .028 .097 

Comprehension  
of Instructions 

92.08 ≤.001 .682 48.61 ≤.001 .542 16.34 ≤.001 .209 17.64 ≤.001 .261 1.45 .238 .048 6.30 .015 .116 

Repetition of Nonsense 
Words 

4.44 .041 .094 2.70 .108 .062 0.34 .562 .005 1.43 .237 .028 0.67 .419 .023 .51 .479 .011 

Verbal Fluency 32.60 ≤.001 .431 13.33 ≤.001 .245 2.94 .091 .045 17.81 ≤.001 .263 3.09 .089 .097 5.54 .023 .103 

Verbal Fluency-Semantic 35.80 ≤.001 .454 17.58 ≤.001 .300 2.00 .162 .031 17.11 ≤.001 .255 1.98 .170 .064 7.148 .010 .130 

Verbal Fluency-Phonemic 12.41 ≤.001 .224 2.38 0.13 .055 3.86 .054 .059 8.28 .006 .142 4.41 .045 .132 .459 .501 .009 

Oromotor Sequences 21.47 ≤.001 .333 19.91 ≤.001 .327 11.66 .001 .158 4.61 .037 .084 0.24 .627 .008 3.31 .075 .064 

Comprehension of Sentence 
Structure 

17.34 ≤.001 .287 15.28 ≤.001 .272 4.12 .047 .062 8.34 .006 .143 .075 .786 .003 7.21 .010 .131 

Visuospatial Processing 12.91 ≤.01 .231 21.81 ≤.001 .347 3.82 .055 .058 2.04 .159 .039 .859 .362 .029 6.59 .013 .121 

Design Copying 6.65 .013 .134 10.59 .002 .205 1.15 .287 .018 2.12 .152 .041 .463 .501 .016 5.41 .024 .101 

Arrows 20.06 ≤.001 .318 23.19 ≤.001 .361 10.84 .002 .149 2.93 .093 .055 .062 .805 .002 3.03 .088 .059 

Block Construction 7.27 .010 .145 11.89 ≤.001 .225 4.45 .039 .067 1.13 .292 .022 .688 .414 .023 3.75 .058 .073 

Route Finding 2.74 .105 .060 5.72 .021 .123 0.75 .390 .012 0.59 .445 .012 .271 .607 .009 2.07 .157 .041 

Visual Recognition .029 .866 .001 5.14 .029 .111 0.55 .461 .009 0.02 .882 .000 2.59 .118 .082 3.75 .059 .073 

Sensorimotor Functions 23.75 ≤.001 .356 20.54 ≤.001 .334 6.38 .014 .093 9.49 ≤.01 .160 .006 .938 .000 11.76 ≤.001 .197 

Fingertip Tapping 17.04 ≤.001 .284 16.73 ≤.001 .290 2.89 .094 .045 7.19 .010 .126 .000 .986 .000 9.88 .003 .171 

Imitating Hand Positions 11.53 ≤.001 .212 11.33 .002 .217 0.27 .603 .004 9.207 .004 .156 .050 .825 .002 11.04 .002 .187 
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Continued 

Imitating Hand Positions- 
Preferred Hand 

11.74 ≤.001 .215 10.96 .002 .211 0.62 .432 .010 8.62 .005 .147 .069 .794 .002 9.58 .003 .166 

Imitating Hand Positions- 
Non-preferred Hand 

6.97 .011 .140 9.78 .003 .193 0.046 .832 .001 7.44 .009 .130 .025 .874 .001 11.21 .002 .189 

Visuomotor Precision 30.67 ≤.001 .416 23.88 ≤.001 .368 4.80 .032 .072 11.93 ≤.001 .193 .270 .607 .009 7.68 .008 .138 

Manual Motor Sequences 7.68 .008 .152 24.20 ≤.001 .371 9.22 .003 .130 0.57 .453 .011 1.15 .291 .038 8.32 .006 .148 

Finger Discrimination- 
Preferred Hand 

11.97 ≤.001 .218 7.61 .009 .157 6.40 .014 .094 4.94 .031 .090 .292 .593 .010 2.56 .116 .051 

Finger Discrimination- 
Non-preferred Hand 

8.99 .004 .173 4.58 .038 .101 1.44 .235 .023 5.38 .024 .097 .560 .460 .019 2.52 .119 .050 

Memory and Learning 61.65 ≤.001 .589 42.43 ≤.001 .509 8.39 ≤.01 .119 16.09 ≤.001 .244 .202 .657 .007 12.33 ≤.01 .204 

Memory for Faces 24.69 ≤.001 .365 9.14 .004 .182 .099 .755 .002 24.27 ≤.001 .327 3.73 .063 .114 9.79 .003 .170 

Immediate Memory for 
Faces 

34.62 ≤.001 .446 9.06 .004 .181 .669 .416 .011 22.83 ≤.001 .314 7.47 .011 .205 4.64 .036 .088 

Delayed Memory for Faces 11.36 .002 .209 6.45 .015 .136 .054 .817 .001 12.75 .001 .203 .536 .470 .018 8.34 .006 .148 

Memory for Names 0.36 .551 .008 12.28 ≤.001 .231 2.52 .117 .039 0.259 .613 .005 5.88 .022 .169 4.33 .043 .083 

Immediate Memory for 
Names 

0.23 .631 .005 9.51 .004 .188 1.93 .170 .030 0.07 .792 .001 5.61 .025 .162 4.16 .047 .080 

Delayed Memory for Names 0.33 .567 .008 3.70 .061 .083 3.49 .066 .053 1.62 .209 .031 1.28 .266 .042 .516 .476 .011 

Narrative Memory 91.00 ≤.001 .679 44.85 ≤.001 .522 4.00 .050 .061 46.82 ≤.001 .484 1.55 .222 .051 22.79 ≤.001 .322 

Sentence Repetition 69.05 ≤.001 .616 22.97 ≤.001 .359 10.86 .002 .149 21.23 ≤.001 .298 3.98 .055 .121 4.29 .044 .082 

List Learning 20.45 ≤.001 .322 28.86 ≤.001 .413 10.03 .002 .139 4.06 .049 .075 .032 .859 .001 7.52 .009 .135 

Immediate List Memory 12.72 ≤.001 .228 24.50 ≤.001 .374 10.51 .002 .139 1.23 .272 .024 .189 .667 .006 5.32 .025 .100 

Delayed List Memory 16.60 ≤.001 .279 30.51 ≤.001 .427 0.854 .359 .014 2.38 .129 .046 .078 .782 .003 3.52 .067 .060 

Visual Memory 3.63 .063 .078 0.01 .911 .000 0.88 .352 .014 2.34 .132 .045 2.52 .123 .080 .166 .685 .003 

Immediate Memory for 
Names 

0.23 .631 .005 9.51 .004 .188 1.93 .170 .030 0.07 .792 .001 5.61 .025 .162 4.16 .047 .080 

Delayed Memory for Names 0.33 .567 .008 3.70 .061 .083 3.49 .066 .053 1.62 .209 .031 1.28 .266 .042 .516 .476 .011 

Narrative Memory 91.00 ≤.001 .679 44.85 ≤.001 .522 4.00 .050 .061 46.82 ≤.001 .484 1.55 .222 .051 22.79 ≤.001 .322 

Sentence Repetition 69.05 ≤.001 .616 22.97 ≤.001 .359 10.86 .002 .149 21.23 ≤.001 .298 3.98 .055 .121 4.29 .044 .082 

List Learning 20.45 ≤.001 .322 28.86 ≤.001 .413 10.03 .002 .139 4.06 .049 .075 .032 .859 .001 7.52 .009 .135 

Raw scores were used in MANCOVA analysis. Significant differences appear in boldface. p values for controlling multiple comparison effect are p < 0.01 for 
NEPSY domains and p ≤ 0.001 for NEPSY subtests. ASD = autism spectrum disorder; ASD + ADHD = comorbid ASD and ADHD; ADHD = attention 
deficit hyperactivity disorder; TD = typically developing children. 

 
lower than TD group in all NEPSY Domain Scores (Attention and Executive 
Function, Language, Visuospatial Processing, Sensorimotor, and Memory and 
Learning). We also found a trend of lower performance of ASD group in com-
parison to TD group in all NEPSY subtests. There were statistically significant 
differences between children with ASD and TD children in all subtests except 
Repetition of Nonsense Words, Design Copying, Block Construction, Route 
Finding, Visual Recognition, Imitating Hand Positions (non-preferred hand), 
Manual Motor Sequences, Finger Discrimination (non-preferred hand), Delayed 
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Memory for Faces, Memory for Names and Visual Memory (Table 2 & Table 3). 
ASD + ADHD group compared with TD group. ASD + ADHD group 

scored significantly lower than TD group in all NEPSY Domain Scores. There 
was also a trend of lower performance of ASD + ADHD group in comparison to 
TD group in all NEPSY subtests. Statistically significant differences were found 
in all subtests except on Statue, Repetition of Nonsense Words, Phonemic Ver-
bal Fluency, Design Copying, Route Finding, Visual Recognition, Imitating 
Hand Positions, Finger Discrimination, Memory for Faces, and Visual Memory 
(Table 2 & Table 3). 

ADHD group compared with TD group. ADHD group scored significantly 
lower than TD group in NEPSY Domain Scores of Attention and Executive 
Function, Language, and Memory and Learning. On Attention and Executive 
Functions domain ADHD group scored significantly lower than TD group in 
Response Set, Knock & Tap subtest, and on Language domain in Comprehen-
sion of Instruction subtest (Table 2 & Table 3). 

ASD group compared with ADHD group. ASD group scored significantly 
lower than ADHD group in all NEPSY Domain Scores except Visuospatial 
Processing. ASD group scored significantly lower than ADHD group in the sub-
tests of Auditory Attention and Response Set, Statue, Comprehension of In-
struction, Verbal Fluency, Visuomotor Precision, Memory for Faces, Narrative 
Memory, and Sentence Repetition (Table 2 & Table 3). 

ASD group compared with ASD + ADHD group. There were no significant 
differences found between these two groups (Table 2 & Table 3). 

ADHD group compared with ASD + ADHD group. ADHD group scored 
significantly higher than ASD + ADHD group in all NEPSY Domain Scores ex-
cept Visuospatial Processing. Specifically, ADHD group scored significantly 
higher than ASD + ADHD group in the subtests of Auditory Attention and Re-
sponse Set, and Narrative Memory (Table 2 & Table 3). 

4. Discussion 

We compared the neuropsychological profiles of attention and executive func-
tion, language, visuospatial processing, sensorimotor function, and memory in 
Egyptian children with ASD, ASD + ADHD, ADHD, and TD employing a single 
neuropsychological battery. Whilst Egyptian children with ASD and ASD + 
ADHD demonstrated generalized impairment on neuropsychological perfor-
mance, compared to TD children, we did not find specific differences between 
children with ASD and children with ASD + ADHD. Our results, however, sug-
gest that compared to TD children, some neuropsychological abilities, such as 
planning, hand motor coordination, and verbal working memory, may worsen, 
in children with ASD + ADHD. In contrast, compared to TD children, problems 
in some neuropsychological abilities, such as verbal fluency, hand praxis, finger 
gnosis, and face memory may be mitigated in children having both ASD and 
ADHD. 
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4.1. Attention and Executive Function Domain 

Attention and executive function is a broad term and it refers to higher order 
cognitive skills, which are important in order to maintain goal-directed perfor-
mance in new or complex situations (Hunter, Edidin, & Hinkle, 2012). Similar 
to previous neuropsychological studies of children with ASD (Ambery, Russell, 
Perry, Morris, & Murphy, 2006; Barron-Linnankoski et al., 2015; Joseph, McGrath, 
& Tager-Flusberg, 2005; Korkman et al., 1998; Mahone, Powell, Loftis, Goldberg, 
Denckla, & Mostofsky, 2006; Narzisi et al., 2013; Ozonoff et al., 2004; Verté, 
Geurts, Roeyers, Oosterlaan, & Sergeant, 2006), Egyptian children with ASD and 
ASD + ADHD performed significantly poorer than TD children in tasks requir-
ing selective auditory attention, maintaining the auditory attention and shifting 
the attention between different auditory demands as well as motor persistence 
and inhibition. Additionally, slower non-verbal fluency and visual scanning as 
well as poorer non-verbal problem solving skills of children with ASD and ASD 
+ ADHD compared to the TD children might be explained by the nature of 
NEPSY tasks: these tasks depend mainly on strategic generation of designs 
and/or plans that are not previously stored in memory and therefore require 
flexible, non-routinized imaginativeness. There have been mixed evidence of de-
sign fluency, visual attention, and non-verbal problem solving with some pre-
vious studies reaching to similar results as our study (Hooper et al., 2006; Joseph 
et al., 2005; Losh et al., 2009; Narizi et al., 2013; Planche and Lemonnier, 2012) 
and others contradicting it (Barron-Linnankoski et al., 2015; Kleinhams, Ak-
shoomoff, & Delis, 2005; Losh et al., 2009; Planche and Lemonnier, 2012; Turn-
er, 1999), further research is warranted in this area. The generalized and pro-
found impairment of attention and executive function in children with ASD and 
ASD + ADHD can be attributed to perseverative characteristics of ASD (Corbett, 
Constantine, Hendren, Rocke, & Ozonoff, 2009; Happé, Booth, Charlton, & 
Hughes, 2006) and/or failure to use the language for self-regulation. Weakness 
in verbal working memory (i.e., verbal self-reminding) can make children with 
ASD susceptible to errors in executive tasks (Joseph, McGrath, & Tager-Flus- 
berg, 2005; Liss et al., 2001). 

In addition to the fact that children with ASD and ASD + ADHD performed 
significantly less accurately than TD children, they also scored lower than child-
ren with ADHD in tasks requiring auditory attention, motor inhibition, and 
changing response style. It is possible that ASD symptoms in children with or 
without ADHD worsen both the impulsivity control and the motor and cogni-
tive flexibility. In consistence with earlier findings, Egyptian children with 
ADHD scored lower than TD children on Attention and Executive Function 
domain, specifically in tasks requiring motor inhibition, which is the core 
symptom of impulsivity in ADHD (Happé et al., 2006; Sergeant, Geurts, & Oos-
terlaan, 2002; Tsal, Shalev, & Mevorach, 2005; Willcutt, Doyle, Nigg, Faraone, & 
Pennington, 2005; Youngwirth, Harvey, Gates, Hashim, & Friedman-Weieneth, 
2007). Executive function impairments in children with ADHD might also be 
due to deficit in inhibitory control (Buhler et al., 2011; Happé, Booth, Charlton, 
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& Hughes, 2006). 

4.2. Language Domain 

Our results demonstrated that children with ADHD did not show as wide- 
ranging language difficulties as we expected based on earlier studies (e.g. Kim & 
Kaiser, 2000; Purvis & Tannock, 1997). However, this study confirmed earlier 
findings (e.g., Barini & Hage, 2015; Purvis & Tannock, 1997) that children with 
ADHD have verbal comprehension difficulties. It is of note that we used Com-
prehension of Instructions subtest, which demands the ability to receive, 
process, and execute instructions of increasing syntactic complexity, which may 
have further increased the working memory load. Previously Barini and Hage 
(2015) suggested that verbal comprehension difficulties in ADHD are connected 
with weak verbal working memory. However, in our study, children with ADHD 
did not perform significantly weaker than TD children in verbal memory tasks. 
Others suggested the reason for language difficulties in ADHD is impulsivity 
(Geurts & Embrechts, 2008), which might be a factor behind the weak verbal 
comprehension abilities of children with ADHD found in our study. 

Our finding of poorer performance in children with ASD compared to TD 
children on Language domain is consistent with previous studies using NEPSY 
(Hooper et al., 2006; Korkman et al., 2007; Narzisi et al., 2013). Also, our results 
concur with other studies on language deficits in children with ASD and ex-
panded the findings as affecting also children with ASD + ADHD. In line with 
earlier studies that compared children with ASD and ASD + ADHD to TD 
children (Ambery et al., 2006; Barron-Linnankoski et al., 2015; Bramham et al., 
2009; Geurts et al., 2004; Tager-Flusberg, 2004; Narzisi et al., 2013; Rumsey & 
Hamburger 1988, 1990; Saalasti et al., 2008; Turner 1999; Verte et al., 2006), 
both groups had wide-ranging language difficulties in generating words of se-
mantic category, processing and responding to verbal instruction of increasing 
syntactic complexity, accessing and producing familiar words, understanding 
the grammar of sentences with increasing complexity, and in rhythmic oromo-
tor coordination. Similarly, our ASD and ASD + ADHD samples demonstrated 
deficits in identifying words from segments and forming an auditory gestalt 
(Tager-Flusberg, 2004; Narzisi et al., 2013) and deficits in phonemic fluency 
(Tager-Flusberg, 2004; Schmidt, Kopelioff, Winterrowd, Pennington, Hepburn, 
& Rojas, 2008). However, in contrast, results from a study by Barron-Linnan- 
koski and colleagues (2015) found intact comprehension of instructions in their 
ASD sample, which might be attributed to IQ differences when compared to our 
sample. In our sample, children with ASD and ASD + ADHD showed intact 
ability of encoding and decoding a sound pattern (repetition of nonsense 
words). Whitehouse, Barry and Bishop (2008) concluded that impairment in re-
petition of nonsense words is seen only in some children with ASD and depends 
on the ASD symptom severity and impairments in structural language. This 
conclusion provides a possible explanation of why this ability was spared in our 
sample given that we only included high-functioning children with ASD in our 
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study. Nevertheless, our finding should be interpreted with caution, as we used 
the original English audiotape of nonsense words of NEPSY instead of inventing 
an Arabic one. We found children with ASD or ASD + ADHD to have difficul-
ties in many aspects of language, such as semantics and syntax that undoubtedly 
have an effect on their linguistic competence. In addition to impaired social and 
communication skills (APA, 2013), language difficulties may further affect 
children’s communication with peers and their school performance. 

4.3. Visuospatial Processing Domain 

In line with the earlier ASD studies (Hooper, Poon, Marcus, & Fine, 2006; Kork- 
man, Kirk, & Kemp, 2007; Narzisi et al., 2013), that used NEPSY, our sample of 
children with ASD and ASD + ADHD faired worse than TD children in their 
ability to judge line orientation. However, there is another study that employed 
another measure different from NEPSY showing contradicting results (Planche 
& Lemonnier, 2012). Thus, it is possible that the demands of shifting attention in 
the line orientation subtest of NEPSY (i.e., the variability of location and size of 
the lines), along with occasional slippages in visual attention and scanning, may 
negatively influence subjects’ performance. 

Further, our results showed that children with ASD and ASD + ADHD might 
have intact object recognition and perception, and understanding of visuospatial 
relationships and directionality, in line with previous studies (Kuusikko-Gauffin 
et al., 2011; Losh et al., 2009). Also, our results regarding impairment in abilities 
of copying two-dimensional geometric figures in ASD are consistent with 
another study (Narzisi et al., 2013). The ability to reproduce three-dimensional 
block constructions from models and pictures was found to be intact in our 
sample of children with ASD but not in ASD + ADHD relative to TD children. It 
is possible that the ADHD symptoms might hinder the strategic planning capa-
bility of children with ASD. Relatively intact visuospatial processing may thus be 
one of the areas of strength in children with ASD and it could be employed in 
interventions, such as using pictorial information instead of lexical information. 

4.4. Sensorimotor Domain 

Similar to Youngwirth and colleagues (2007), we did not find any difference be-
tween children with ADHD and TD children in sensorimotor abilities. For 
children with ASD and ASD + ADHD, we found them to perform poorer than 
TD children particularly in fingertip tapping and visuomotor tasks. This repli-
cates the finding of Ham, Corley, Rajendra, Carletta, & Swanson (2008) and 
Hooper, Poon, Marcus, & Fine, (2006) but was inconsistent with the results of 
another study (Narzisi et al., 2013). Impairment in Fingertip Tapping subtest 
might be related to deficits in executive function, set shifting, and lack of cogni-
tive flexibility in ASD. The visuomotor subtest examined both speed and accu-
racy, which might have contributed to a slower and/or less accurate performance 
of children with ASD. Additionally, children with ASD + ADHD encountered 
difficulties in imitating series of rhythmic movements but this was not the case 
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in children with pure ASD and could be related to impaired executive function 
in ADHD. 

4.5. Memory and Learning Domain 

Memory for faces was significantly impaired in our ASD sample, confirming the 
findings of previous research (Barron-Linnankoski et al., 2015; Blair, Frith, 
Smith, Abell, & Cipolotti, 2002; Garcia, 2001; Hooper, Poon, Marcus, & Fine, 
2006; Narzisi et al., 2013; O’shea, Fein, Cillesen, Klin, & Schltz, 2005; Williams, 
Goldstein, & Minshew, 2006a). Impairment of recalling names was only found in 
children with ASD + ADHD but not in children with pure ASD. This may be the 
result of the additive effect of ADHD symptoms. Our findings are also consistent 
with previous studies (Barron-Linnankoski et al., 2015; Blair et al 2002; Garcia, 
2001; Hooper, Poon, Marcus, & Fine, 2006; Korkman, Kirk, & Kemp, 1998; 
Minshew and Goldstein 2001; Narzisi et al., 2013; O’shea et al., 2005; Williams, 
Goldstein, & Minshew, 2006a; Williams, Goldstein, & Minshew, 2006b). Deficits 
in verbal working memory, difficulties in developing strategies for free recall of 
information, and difficulties in organizing words and resisting interference are 
further reasons to favor pictorial information instead of lexical in the interven-
tions and in the teaching materials provided for children with ASD (Bowler, 
Matthews, & Gardiner, 1997; Barendse et al., 2013; Narzisi et al., 2013). 

5. Conclusion 

Egyptian children with ASD, ASD + ADHD, and ADHD demonstrated genera-
lized impairment on neuropsychological performance, which is consistent with 
reports from other countries. Rather unexpectedly, we did not find statistically 
significant differences between children with ASD and children with ASD + 
ADHD in neuropsychological performance. Whilst ADHD symptoms may not 
automatically increase the neuropsychological deficits in children with ASD, our 
results suggest that the presence of ADHD symptoms in children with ASD 
could worsen their ability to plan, hand motor coordination, and memorizing 
names. Nevertheless, these symptoms may mitigate the difficulties that ASD 
children may have in other neuropsychological areas, such as verbal fluency, 
hand praxis, finger gnosis, and face memory. Our findings may well impact 
management plans for ASD: As communication difficulty is one of the most 
impairing features of ASD, language skills of children should be carefully as-
sessed when planning interventions for these patients. As such, relatively intact 
visuospatial processing may be one of the areas of strength in children with 
ASD, it could be employed in interventions, such as using pictorial information 
instead of lexical information. 

6. Suggestions for Future Research 

In spite of the limitations inherent to our study including the small sample size 
of each diagnostic group, this is the first study to compare the neuropsychologi-
cal abilities of ASD, ASD + ADHD, ADHD and typical development in Middle 
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Eastern children. Future studies with larger sample sizes are therefore warranted 
to validate the NEPSY in Middle East countries and to further compare the neu-
ropsychological performance of children of ASD, ASD + ADHD, and ADHD. 
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