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Abstract  

Background: Impaired working memory and executive function is one of the 

major theories that explain the cognitive bases of ASD symptoms. However, the 

previous research findings on the visuospatial working memory (VSWM) were 

inconsistent and widely varied.  

Aim: This work aims to examine the evidence for VSWM dysfunction in ASD 

children. This will be made by conducting a systematic review of literature in this 

topic area.  

Methods: Three electronic databases (Pubmed, ScienceDirect, and CINHAL) 

were searched for articles. Relevant studies were further evaluated and studies 

that met inclusion criteria were reviewed 

Results: The literature search yielded 3048 studies. Forty-two articles were 

further evaluated to be included. Seven studies met all inclusion criteria and were 

chosen for review. The quality of the included studies assessed with the 

Newcastle Ottawa Quality Assessment Scale. The impairment of VSWM in ASD 

children was reported in 4 studies, while there are 3 studies with the opinion of 

intact VSWM. So, within this small number of included studies the results of 

VSWM in ASD were different.  

Conclusion: This systematic review generally couldn’t reach a conclusive 

evidence about VSWM dysfunction in children with ASD. This is mainly due to 
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the small number of the included articles and the small sample size in almost all 

these studies. Besides, different measures used in the assessment of visuospatial 

working memory in those children as well as ignorance of receptive language 

profile of ASD children, intra-individual difference assessment of ASD group, 

ASD comorbidities especially ADHD and dyspraxia and type of treatment they 

received. More research works with neuroimaging support are required taking in 

consideration intra-individual aptitudes, receptive language profile, 

comorbidities and type of treatment of ASD group in order to provide further 

relevant assessment on neural bases of VSWM in ASD children.  

 

Keywords: Working memory, Visuospatial working memory, ASD, CANTAB, 

Crosi block tapping test. 

 

Background 

Main text  

Autism spectrum disorder (ASD) is a range of neurodevelopmental 

disorders characterized by deficits in social communication and social 

interaction, with repetitive and restricted behaviors, interests, and activities [1]. 

Symptoms of ASD have been related to several cognitive deficits, such as 

language impairments, problems with executive control, and a tendency to focus 

on details rather than global [2]. Three major theories result from these cognitive 

deficits in an attempt to explain symptoms of ASD which include: 1) the 

hypothesis of deficits in theory of mind, 2) the central coherence theory, and 3) 

the executive dysfunction theory.     

Regarding the hypothesis of impairment in theory of mind which is firstly 

anticipated by Baron-Cohen et al. [3] and considered that autistic children are 

not able to infer the mental states of the others, while the central coherence theory 

that is firstly proposed by Frith [4] states that autistic children exhibit a 

qualitatively different style of information processing than normally developed 
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children. The executive dysfunction theory is one of the most influential cognitive 

accounts for ASD. A wide range of executive function deficits have been found 

in ASD [5, 6, 7, 8], which may explain their social and non-social problems, such 

as repetitive behaviors and restricted interests in the daily life [5] Executive 

function is a term that includes different abilities such as planning, self-

regulation, inhibition, shifting, initiation and monitoring of actions, and working 

memory [9]. Working memory is the cognitive function of limited capacity 

responsible for storage information over a brief time, manipulating it, and using 

it in thinking. It is a critical contributor to such essential cognitive functions and 

properties as language comprehension, learning, planning, spatial relations, 

visualization, reasoning, and general fluid intelligence [10]. Working memory is 

more than just the ability to remember a series of numbers long enough to repeat 

them. It is the capacity to manipulate the information you are holding in your 

mind. So, it is the cognitive system that temporarily maintains information for 

further processing during perception and action [11]. According to Baddeley's 

model of working memory, working memory consists of three functional 

components which are the central executive, phonological loop and visuospatial 

sketchpad. This model is called a multicomponent model of working memory. 

The phonological loop and visuospatial sketchpad are independent so-called slave 

systems and both existing alongside the long-term memory [12] which is 

extended by the addition of the episodic buffer as a fourth component in [13]. 

According to Logie [14], the visuospatial sketchpad is the second slave system 

responsible for manipulating visual images and mental maps. It is divided into 1) 

visual subsystem responsible for processing and maintenance of visual 

information e.g. shape, color, and texture, and 2) Spatial subsystem responsible 

for processing and maintenance of locations of objects and persons in the space. 

It has been hypothesized that impairment of working memory is associated 

with either deficits in communication and social interaction [15, 16] or repetitive 
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and restricted behaviors [17, 18] in ASD children. So, it is important to 

understand more about the relation of working memory to ASD symptoms. 

Regarding the visuospatial working memory, previous research has 

provided inconclusive evidence about whether people with ASD are impaired in 

visuospatial working memory. Several studies have found that individuals with 

ASD had visuospatial working memory deficits [19, 20, 21]. However, other 

studies have reported normal visuospatial working memory in ASD [22]. The 

findings from previous research on visuospatial WM impairments in ASD has 

been inconsistent. Therefore, it was decided to construct the present study as an 

attempt to resolve this conflict and reach a conclusive evidence of whether the 

visuospatial WM is impaired or not in children with ASD. 

 

Method 

The systematic review was carried out according to the guidelines of the 

PRISMA - DTA protocol for systematic reviews and meta-analysis [23]. 

 

Eligibility Criteria - Study Selection 

           Studies selected for the current systematic review were observational case-

control studies in the English language that compare the visuospatial WM in 

children with ASD and the control group of typically developing children. Studies 

selected were published in the duration from 2005 to 2020. The studies selected 

met the following selection criteria: participants in each study were children in 

the age range between 5 - 18 years old who were diagnosed with one of the ASD 

(Autism, Asperger's syndrome, PPD-NOS) and had an average intelligence 

quotient or above. We excluded studies with less than 5 participants and studies 

with ASD children who have any past or present history of any other psychiatric 

problems and peripheral hearing and/or visual sensory impairment. We included 

studies that diagnosed ASD according to DSM-IV criteria and supported their 

diagnosis by at least one of the following measures: Autism Diagnostic Interview-
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Revised “ADI-R” [24], Autism Diagnostic Observation Schedule “ADOS” [25], 

and Autism Diagnostic Observation Schedule—Generic “ADOS-G” [26].  

         We selected studies that assessed the visuospatial WM by one of the 

following tools: Spatial working memory task of Cambridge Neuropsychological 

Test Automated Battery (CANTAB) [27], and/or Corsi block tapping test 

(Visuospatial working memory span task) [28].  

 

Literature Selection – Search Strategy 

Two authors performed independent systematic titles and abstracts search based 

on the selection criteria. Studies were conducted up and located through 

electronic searches for studies in the English language in two databases: (1) 

Pubmed, (2) ScienceDirect, and (3) CINAHL between 2005 and 2020. A search 

strategy was developed by establishing a matrix of synonyms to cover all possible 

terms indicating autism spectrum disorder and the visuospatial WM. The included 

terms were: Autism – Autism spectrum disorder – Asperger's syndrome – PPD-

NOS - visuospatial working memory – spatial working memory – visual working 

memory 

During the search, the search limitations of the PubMed and Science Direct 

were used including articles’ language, age of participants, and publication date. 

Studies that were irrelevant in the early stages of the search on the bases of titles 

presented in the electronic searches were excluded. Studies that seemed eligible 

from their title or abstract were obtained in full-text and underwent further 

inspection based on the eligibility criteria. Monthly search updates were done to 

check for additional article inclusions, and this resulted in no additional article 

inclusion up to date. Any discrepancy between the two authors was solved 

through discussion meetings, and a third author was consulted if necessary. 

Data Extraction and Analysis 

Two authors collected independently the following information from the 

recruited studies: the study’s authors, publication year, country, study design, 
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sample size, participants’ ages, gender and IQ, tools used to diagnose the ASD, 

and the tools used to assess VSWM. Data related to the comparison of the VSWM 

between the ASD children and the control normal group in each study, were also 

extracted. 

Quality or Risk of Bias Assessment 

Two review authors independently assessed the methodological quality 

using the Newcastle-Ottawa Quality Assessment Scale (NOS) [29], that included 

a description and a judgment (low risk of bias, high risk of bias, or unclear risk 

of bias) for the following domains for each of the included studies: 1) Selection 

(case definition – representativeness of cases – the selection of controls – 

definition of controls), 2) Comparability of cases and controls based on the design 

or analysis as regard matching with study controls for IQ, age and language 

assessment, and 3) Exposure (ascertainment of exposure – same method of 

ascertainment for cases and controls). Non-response rate cannot be applied in our 

included studies? Studies were given a maximum of 1 point for each of the six 

items and 2 points for comparability only, making the maximum score 8 points. 

According to total score studies were categorized into studies with a very high 

risk of bias (0-3), high risk of bias (4-6), and low risk of bias (7-9) [30]. 

 

Results 

Results of Literature Search 

          Initially, the search strategy yielded 3047 studies. After the removal of 

duplicates, 1091 studies remained for further screening. Based on titles and 

abstracts screening, 1074 more were removed and the result was 42 potentially 

eligible studies. After full-text reading, another 35 studies were excluded. 

Reasons for exclusion were different study designs (8 studies), studies included 

ASD children outside the selected age range (8 studies), studies with ASD 

children with below-average IQ (4 studies), studies measured different type of 
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memory rather than the VSWM (9 studies) and 6 studies used tools other than the 

determined tools of visuospatial WM, Figure 1. 

 

 
Figure1: The flow chart of included and excluded studies. 

Study Characteristics: 

Study design: 

Seven studies fulfilled all the inclusion criteria [31, 19, 32, 33, 34, 35, 36], 

Table 1. All these studies were observational comparative case-control studies.  

 

Participants Characteristics: 

The 7 included studies involved 320 participants. The sample size ranged 

from 20 to 58 participants. The ages of study participants ranged from 5 to 18 

years old. The average mean of full-scale IQ and standard of deviation ranging 

from the smallest mean (±SD) in the study by Wang et al. [36]  which was 93.25 

± 7.23 to the highest mentioned in Landa and Goldberg [19] which was 113.4 

± 14.34. One study [34] did not mention the mean full-scale IQ but the authors 
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mentioned that the participants did not present associated mental retardation, 

according to Raven’s Colored Progressive Matrices test - Special Scale [37, 38]. 

Most studies mentioned the gender of the study participants (with both males and 

females) except for one study [19], Table (1). 

Table 1. Summary of the characteristics of the included studies. 
Type of 

ASD 

Mean full-scale  

IQ ± SD 

Gender 

Male: Female 

Mean age 

in years ± SD 

Sample 

size 

Study authors 

(publication year) 

HFA 

Autism: 96.5 ± 15.9 

ADHD: 113.8 ± 10.3 

TD: 112.6 ± 12.1 

Autism: 13:4 

ADHD: 19:2 

TD: 21:11 

Autism: 10.3 ± 1.8 

ADHD: 9.8 ± 1.3 

TD: 10.4 ± 1.5 

Autism: 17 

ADHD: 21 

TD:32 

Goldberg et al. 

(2005) 

HFA 

Autism:109.7 ± 15.80 

TD: 113.4 ± 14.34 

 

 

_ 

 

Autism: 11.01 ± 

2.89 

TD:11.00 ± 2.85 

Autism: 19 

TD: 19 

Landa and 

Goldberg 

(2005) 

HFA 

Asperger's 

syndrome 

 

_ 

ASD: 11:13 

TD: 28:6 

ASD: 11.46 ± 

2.32 

TD: 12.04 ± 2.52 

ASD: 24 

TD: 21 

Edgin and 

Pennington 

(2005) 

AS 
AS:102.3 ± 15.9 

TD:109.5 ± 6.4 

AS: 8:2 

TD: 8:2 

AS:14.7 ± 5.0 

TD:13.8 ± 5.3 

AS: 10 

TD: 10 

Kaufmann et al. 

(2013) 

Autism 

Asperger's 

syndrome 

 

_ 

ASD: 9:2 

TD: 17:2 

ASD: 11.73 ± 

1.90 

TD: 11.42 ± 1.80 

ASD:11 

TD:19 

Czermainski et al. 

(2014) 

Autism 

AS 

PDD-

NOS 

 

 

_ 

ASD: 14:6 

TD: 17:3 

ASD: 8.55 ± 2.30 

TD: 9.10 ± 2.24 

ASD: 20 

TD: 20 

Macizo et al. 

(2016) 

ASD 

ASD: 99.5 ± 17.78 

ADHD: 93.25 ± 7.23 

TD: 110.14 ± 11.91 

ASD: 20:1 

ADHD: 23:5 

TD: 19:9 

ASD: 9.05 ± 2.38 

TD: 8.92 ± 1.68 

ASD: 21 

ADHD: 28 

TD: 28 

Wang et al. 

(2018) 

 

Characteristics of the Tools used to Diagnose ASD: 

The included studies selected to diagnose ASD on validated and verified 

tools. Two studies [19, 31] relied on their diagnosis of ASD on ADI-R and ADOS 

only. Three studies [34-36] depended on DSM-IV criteria in the diagnosis of 

ASD. One study [32] diagnosed ASD cases by ADI-R only. All the included 

studies did not determine the age at which the child received any treatment. Only 

2 studies mentioned that some ASD participants had received medical treatment. 

Goldberg et al. [31) mentioned that the ASD participants had received selective 

serotonin reuptake inhibitors and psychostimulant [only in two participants), 

these stimulant medications were withheld for 48 hours before testing. Wang et 

al. [36] revealed that all the participants were asked not to take any central 
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nervous system "CNS" active medications for at least 24 hours before all tests 

ensuring sufficient period for fully washing out, Table 2. 

 

Table 2. Summary of the characteristics of the tools used to diagnose ASD. 

Type of treatment and time of withdrawal 
before testing 

Age at 
 which the 

child  
received 

treatment 

Tools 
used  

to 
diagnose  

ASD 

Age at  
which  

ASD was  
diagnosed 

Study  
author 

(publication 
year) 

 selective serotonin reuptake inhibitors 
 Psychostimulant (only in two participants), these 

stimulant medications were withheld for 48 
hours before testing. 

 
Not 

mentioned 

(ADI-R),  
(ADOS),  

(ADOS-G) 

 
8-12 y 

Goldberg  
et al. 

(2005) 

Not mentioned 
Not  

mentioned 

(ADI-R),  
(ADOS),  

(ADOS-G) 
7-17.5 y 

Landa and 
Goldberg 

(2005) 

Not mentioned 
Not  

mentioned 

Clinical  
diagnosis,  
(ADI-R) 

Not 
mentioned 

Edgin and 
Pennington 

(2005) 

Not mentioned 
Not  

mentioned 

DSM-IV-
TR,  

ADI-R, 
ADOS 

7-18 y 
Kaufmann et 

al. 
(2013) 

Not mentioned 
Not  

mentioned 
DSM-IV 9-15 y 

Czermainski 
 et al. (2014) 

Not mentioned 
Not  

mentioned 

DSM-IV, 
 Parents  

completed  
the (SCQ)  

5-13 y 
Macizo et al. 

(2016) 

 All the participants were asked not to take any 
CNS active medications for at least 24 hours 
before all tests ensuring sufficient period for 
fully washing out. 

Not  
mentioned 

DSM-IV 6-15 y 
Wang et al. 

(2018) 

 

Characteristics of tools used for the assessment of VSWM:  

Four studies [19, 31-33] used the spatial working memory task of CANTAB in 

assessment of the VSWM. The aim of this test is that, by touching the boxes, the 

participant should find one blue “token” in one of the presented boxes and use 

them to fill up an empty column on the right side of the screen. Once a blue token 

has been found within a particular box, that box should never be used again to 

hide a token. Returning to an empty box where a target was already been found 

is referred to as a ‘‘between-search error.’’ A ‘‘within-search error’’ refers to 

responses to a box previously opened and shown to be empty earlier in the same 

search sequence. A ‘‘double error’’ is an error that can be categorized as both a 
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between-search error and within-search error. A ‘‘strategy score’’ is estimated 

from the number of searches that start from the same location.  

             Three studies [34-36] used the Crosi Block Tapping Test (visuospatial 

working memory span task) that applied to measure the visuospatial span which 

is standardized and validated by Corsi [28]. In which nine boxes are displayed on 

the screen in random distribution and the boxes remain for 500 ms after the 

sequence completed and the participants should recall the sequence in which the 

boxes appeared. The participants should complete three trials in each sequence 

level of two, three, four, five, six, seven, eight, nine boxes. The visuospatial span 

of the participant measured by the largest sequence in which two of three trials 

are correctly recalled. Table 3.  

Table 3. Summary of the tools used to assess VSWM and the results of the 

individual studies. 

Main results of the study 

The tools  
used to  
assess  

VSWM 

Study  
author 

(publication 
year) 

 HFA made significantly more total between search errors 
compared to controls. (p>.05) 

 HFA made significantly more between-search errors 
compared to controls on 6-boxes (mid-difficulty) and 8-
boxes (most difficult). 

 There was no significant group difference in within-errors 
and double-errors (p < .18). 

 There was no significant group difference in strategy score 
(p < .48). 

 Children with ADHD made significantly more between 
search errors than controls on (8-boxes) only. 

 Conclusion: The spatial working memory is impaired in 
both HFA and ADHD but more severely in HFA.  

Spatial 
working memory  

task of (CANTAB) 

Goldberg  
et al.  

(2005) 

 Compared to controls, participants with HFA more 
frequently made between-search errors (p > .01). 

 There was an interaction between performance and task 
difficulty. While participants with HFA and controls 
performed similarly on searches with three and four items, 
participants with HFA showed significantly more 
between-search errors often on 6-boxes trials and showed 
a trend toward making more of such errors on the 8-boxes 
trials compared to controls.  

 On 8-boxes trials only, participants with HFA made more 
within-search errors and more double-errors. 

 Participants with HFA used poorer search strategies 
compared to controls. 

 Conclusion: the participants with ASD showed spatial 
working memory deficits mainly on the tasks with higher 
working memory load. 

Spatial  
working memory  

task of (CANTAB) 

Landa 
 and  

Goldberg (2005) 

 No differences were found between the groups on the 
between errors or strategy score (p>.55 for both).  

Spatial  
working memory  

task of (CANTAB) 

Edgin  
and Pennington 

(2005) 



11 
 

 Both variables were significantly related to chronological 
age (p<.001 for both) and Block Design standard score 
(p<.001 for both). 

 There was no evidence for differential change with age 
between the groups or any differences related to gender. 

 Conclusion: children with ASD show intact spatial 
working memory. There is no difference between 
Asperger's syndrome and autism on spatial tasks. 

 Compared with controls, children with Asperger's 
syndrome performed quicker but at the same time they 
committed numerically, but not statistically, more errors 
regarding the spatial working memory task (group 
differences being most pronounced on mid difficult 6-box 
trials (p=.229) and the most difficult 8-box trials (p=.371)).  

 By association between brain function and brain structure, 
quicker spatial working memory response latency (RT) in 
children with AS was significantly correlated to fronto-
parietal brain regions and specific fronto-executive 
functions which characterized by increased frontal white 
matter and decreased parietal grey matter. 

 Conclusion: both groups performed about equally well 
with interaction with task difficulty.  

Spatial  
working memory  

task of (CANTAB), 
Structural  

Brain 
 imaging  

using MRI. 

Kaufmann  
et al.  

(2013) 

 In the Visuospatial Working Memory task, the clinical 
group presented performance significantly below that of 
the control group, in terms of total score and visuospatial 
span scores (more visuospatial sequences repeated 
correctly), suggesting the presence of impairments in the 
visuospatial component and central executive of the 
working memory. In the clinical group, 20% of the 
participants achieved the maximum sequence of correct 
responses in the task (span = 5), 40% correctly presented 
sequences of four items (span = 4), 20% of three items 
(span = 3) and 20% of two items (span = 2). In the control 
group, 78% of the participantsachieved the maximum span 
for the task (span = 5), 15% correctly presented sequences 
of four items (span = 4) and 5% of three items (span = 3). 

Visuospatial working 
memory  
span test 

Czermainski et 
al. 

(2014) 

 There were no differences between ASD children and 
control children regarding the visuospatial span nor in the 
overall number of recalled trials in the visuospatial task 
(p=0.16). 

 There was a significant correlation between visuospatial 
span and IQ; a visuospatial span was higher in HFA than 
LFA. 

 Conclusion: No visuospatial WM deficits were found 
when IQ was controlled, and simple tasks are used.  

Crosi Block Test 
(visuospatial span test) 

Macizo  
et al.  

(2016) 

 There was significantly poorer VSWM performance in the 
ASD group than TD and ADHD groups. 

 Pearson correlation coefficient between executive function 
and VSWM showed that in ASD group the CA showed +ve 
relationship with VSWM scores while PE and TE showed  

-ve relationship with VSWM scores. 
 Conclusion: the ASD group showed visuospatial WM 

deficits and there was association between visuospatial 
WM performance and executive function especially 
problem-solving ability. 

Crosi Block Tapping 
Test (CBTT). 

Wang  
et al.  

(2018) 

 

Results of Individual Studies 

           Studies by Goldberg et al. [31] and Landa and Goldberg [19] who 

measured VSWM by the spatial working memory task of (CANTAB) found that 

children of HFA performed worse than controls in remembering locations where 
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tokens were previously found especially on mid-difficult and most difficult 

search problems. So, they suggested an impairment of VSWM depending on 

more errors recorded with ASD children comparing to TD children. They hinted 

also that there was interaction between the performance of ASD children and task 

difficulty. Also, they mentioned that the possible factor in their performance on 

the SWM task on not planning but to perseveration.    

Both Wang et al. [36] and Czermainski et al. [34] compared the VSWM in 

ASD children with TD children, as well as executive function involvement to 

expect the VSWM performance in ASD. By using the Crosi block tapping test 

(VSWM span task) they reported that ASD children were worse in visuospatial 

storage span and showed poorer performance. 

Edgin and Pennington [32] found no differences between the groups on the 

between errors or strategy score using the spatial working memory task of 

[CANTAB) and reported also there is not a difference in spatial WM between 

autism and Asperger's syndrome. There is a significant relationship between 

spatial WM and chronological age and performance IQ.  

Kaufmann et al. [33] found that Asperger's syndrome children performed about 

equally well as typically developing children with interaction with task difficulty. 

They performed quicker but at the same time, they committed numerically but 

not statistically more errors that were obvious with mid-difficult and most 

difficult trials. 

Lastly, Macizo et al. [35] applied the CBTT and concluded that there were no 

visuospatial WM deficits in ASD children when IQ controlled, and simple task 

was used. Table 3. 

Summary of the main results 

Among the recruited 7 studies, 4 studies found differences between ASD 

group and TD group in the tasks used for VSWM assessment and concluded that 

ASD group showed deficits in visuospatial working memory in comparison with 

typically developing group. While the remaining 3 studies found no differences 
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between the ASD group and typically developing group and concluded intact 

VSWM in the ASD group. 

Risk of Bias and Applicability 

          We conducted the risk of bias assessment by Newcastle Ottawa Quality 

Assessment Scale [29], Table 4. Upon that, the 7 included studies define cases 

adequately. Representativeness of the cases is consecutive representative series 

of cases except in Edgin Pennington [32] who recruited several ASD cases that 

had participated in previous studies and Macizo et al. [35] who recruited ASD 

cases from normal schools.  

           Most of the included studies depended on community controls in selection 

except two studies [32, 33]. In Edgin and Pinnington [32] number of controls is 

less than the number of cases.  

All included studies define controls with no history of any psychiatric or 

developmental disorders. All included studies applied proper matching between 

cases and controls regarding IQ and age except one study [35] that did not 

mention the IQ matching. Regarding language assessment, only two studies 

applied proper matching Landa and Goldberg, [19], Edgin and Pinnington 

[32]. 

All included studies ascertain the exposure with interview not blinded to 

case/control status as blinding is impossible because exposure can be discovered 

only by interviewing the study participants, who obviously know whether they 

are a case. Three studies [31, 34, 35] mentioned that they applied the same method 

of ascertainment for cases and controls while the remaining 4 included studies 

did not mention this item.  

 

Discussion 

Individuals with autism spectrum disorder (ASD) are often supported in 

daily life by visual presentations such as picture cards or illustrations. Therefore, 

they are considered to have visual strength. However, whether children with ASD 
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are superior in visuospatial working memory remains inconsistent. Current 

research systematically reviewed existing literature that investigated the 

visuospatial working memory in individuals with autism spectrum disorder 

(ASD) including autism, Asperger's syndrome and PDD-NOS in attempt to 

resolve the conflict regarding the profile of visuospatial working memory in ASD 

to identify characteristics and challenges that would provide implications for 

academic assessment and intervention.  

In this systematic review, we included 7 articles on children of either 

gender aged from 5 to 18 years old who were diagnosed with one of the ASD 

(Autism, Asperger's syndrome, PPD-NOS). We included studies that diagnosed 

ASD according to DSM-IV criteria and / or supported their diagnosis by at least 

one of the following measures: (ADI-R, ADOS, ADOS-G). We concluded that 

among the different methods used for assessment of visuospatial working 

memory, the spatial working memory task of CANTAB which has demonstrated 

sensitivity to detecting changes in neuropsychological performance of spatial 

working memory and it isn’t a culturally-based or experience-dependent task,  

and the Crosi block tapping task that considered as visuospatial working memory 

span measuring tool. Both these tasks examine the visuospatial working memory 

by systematically varying the difficulty level (working memory load) which 

increases the amount of information that needs to be remembered and the number 

of trials that need to be maintained. Among the included studies there are 4 studies 

used spatial working memory task of CANTAB and the remaining 3 studies used 

the Crosi block tapping task (VSWM span task) as neuropsychological tests for 

assessment of this domain of working memory. In general, as we have reviewed 

before, there are 4 studies supported the opinion of impaired visuospatial WM in 

ASD children, 3 studies with the opinion of intact visuospatial WM. Thus, there 

is an impairment of visuospatial WM in children of ASD depending on the results 

of the 4 studies supported this opinion and this coincides with previous literature 

that supports that ASD had deficits in VSWM [39], [40], [41]. While the results 
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of the remaining 3 studies supporting the opinion of intact VSWM and this 

coincides with the Ozonoff and Strayer [22]’s findings who used three 

visuospatial WM tasks (a running memory task, a box search task and a spatial 

memory-span task with a progressively increasing memory load that required 

participants to remember the location of (1, 3, or 5) colored geometric shapes 

over varying delay periods (1 or 5 seconds). They reported no statistical 

differences between a high functioning autism group and a control group.  

There is evidence that the VSWM load plays a crucial role in the 

observation of VSWM deficits in ASD as reported in 3 studies [31], [19], [33]. 

Tasks that place low WM demands are no sensitive to differences between 

children with ASD and control participants. However, when the tasks impose 

heavier demands, between-groups, differences become apparent. This finding 

consistent with previous studies of WM by showing that as task demands 

increase, the performance of individuals with autism becomes impaired relative 

to that of typically developing individuals [42]. Also, Steele et al. [20] observed 

a significant interaction between group and VSWM load: the VSWM load had a 

greater impact on the performance of autistic than control individuals. Based on 

this finding, they suggested that deficits in this domain emerge only when the task 

imposes heavier demands of WM and the failure of some studies to detect spatial 

WM deficits might be due to the use of modest VSWM loads. Several obstacles 

came against making a fair comparison between the included studies. The first is 

the small number of included studies. Besides, all the included studies show a 

small sample size which decreases the statistical power of their results. Also, it 

was found that most of included studies ignored that ASD comprises a group of 

heterogeneous disorders with grading of severity and varying aptitudes. It was 

better to categorize them accordingly. Only one study reported that there wasn’t 

group difference between autism and Asperger’s syndrome [32]. Clinically, it 

was mandatory to put receptive language profile in consideration before 

assessment of VSWM to be able to exclude comprehension deficit of command 
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and task instructions which is reported in only two studies [19], [32]. In addition, 

it was found that all included studies disregarded the clinical judgment of ASD 

comorbidities as if any of them was present especially ADHD or dyspraxia, it 

could share in reduced performance and poor results of the task. Reduced 

performance on the task may not arise from impairment of VSWM per se. It could 

result from deficits in attention and planning if associated with ADHD or 

impairments of motor coordination if associated with motor praxis dysfunction. 

As the success in the task depends not only the remembering ability but also on 

the ability to plan a sequence of movements and revise that plan dynamically. 

Also, we found that the included articles applied different assessment measures 

making it hard to evaluate and/or to compare the included studies.  Come to the 

next, all the included studies did not mention the age at which the clinical group 

started to receive treatment and most of them didn’t mention which type of 

treatment they received. If they received medical treatment, it would be stopped 

in adequate period before assessment of VSWM task according to type of drug 

used as some drugs have long half-life such as arpiprazole (3-4 days) [43] and 

fluoxetine (1-3 days) [44]. Only 2 studies reported that some ASD participants 

had received medical treatment. Goldberg et al. [31] mentioned that the ASD 

participants had received selective serotonin reuptake inhibitors and psycho 

stimulant (only in two participants), these stimulant medications were withheld 

for 48 hours before testing and the other study was Wang et al. [36] which 

revealed that all the participants were asked not to take any central nervous 

system active medications for at least 24 hours before all tests ensuring period for 

fully washing out which isn’t sufficient. Also, the performance of ASD group is 

expected to be affected according to which program of behavioral therapy they 

had received. Treatment and Education of Autistic and Related Communication 

Handicapped Children (TEACCH) [45] which aims to adapt the learning 

environment to the child's needs including visual structure of the activities and 

using visual instructions and organization in order to complete the task. So, higher 
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performance of VSWM task is expected. On the other hand, Applied Behavioral 

Analysis (ABA) [46] is designed to enhance socially appropriate behavior and 

inhibit the challenging behaviors. Son-Rise program [47] is a loose program aims 

to participating in the child's repetitive behavior and following his interests in 

order to give a comfortable child not easy to participate in a test. So, lower 

performance of VSWM tasks is expected with second and third programs. 

 

Conclusion  

This systematic review generally couldn’t reach a conclusive evidence 

about VSWM dysfunction in children with ASD due to the small number of 

included studies which show a small sample size in almost all of them, different 

assessment measures as well as ignorance of receptive language profile of ASD 

children, intra-individual assessment of ASD group and ASD comorbidities 

especially ADHD and dyspraxia. In addition, all the included studies did not 

mention the age at which the clinical group start to receive treatment and which 

type of treatment they received and if they received medical treatment, it would 

have been stopped in appropriate period before assessment. 

         Direct research for intra-individual assessment of ASD aptitudes including 

VSWM to ascertain the strong points to build on and delineate the program of 

learning, lifestyle and even sport type. More neuroimaging supported studies are 

required to provide valuable observations into the neural basis of the VSWM 

impairment in ASD children. More research works are needed to explore the 

underlying mechanism of the impairment of the VSWM. Is the impairment of 

VSWM attributed to planning and executive function deficits or preservation 

symptoms in ASD children? More research works with a larger sample size are 

needed for further relevant assessment of the VSWM in ASD children and to 

examine VSWM across a wider range of ASD severity. 
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