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Background: Children with autism spectrum disorder have deficits in executive functions, especially
visual-spatial working memory. In the meantime, the training of executive functions using augmented
reality can improve visual-spatial active memory of these children, so far no such program has been
designed using augmented reality.

Aims: The aim of the current research was to determine the effectiveness of the executive functions
training program using augmented reality on visual-spatial working memory of children with high-
functioning autism spectrum disorders.

Methods: In terms of purpose, the current research was part of applied research and in terms of
method, it was a semi-experimental study with a pre-test and post-test design with a control group
and One month follow up. In this research, the research sample with the purposeful sampling method
of qualified children were included in the study and randomly assigned to two experimental (15
people) and control (15 people) groups. 30 people (15 people in the control group and 15 people in
the experimental group) of children with autism spectrum disorder were evaluated using the working
memory test set for children Pickering & Gathercole (2001). The data was analyzed by variance
analysis with repeated measurements using SPSS software version 24.

Results: The findings showed that the executive functions training program using augmented reality
had a significant effect on the control group in the two stages of post-test and follow-up (p< 0.001).
Conclusion: Therefore, according to the advantages of the executive functions training program
using augmented reality, it is suggested that executive functions (cognitive flexibility, active memory
and response inhibition) be taught using augmented reality in exceptional schools.
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Introduction

Executive function deficits are one of the most
common neurodevelopmental features associated
with autism spectrum disorder (ASD) (Lynch & et al.,
2017). Researchers have found that inhibitory
response impairments are correlated with with ASD
symptoms (Carmo & Filipe, 2022). Additionally,
some studies indicate that children with ASD have
fundamental difficulties in cognitive flexibility
executive functions compared to other executive
functions (Uddin, 2021; Lee & et al., 2022). Research
has also concluded that working memory is the most
crucial component of executive functions in children
with ASD, with significant deficiencies observed
compared to other executive functions (Kim &
Kasari, 2023). Some studies have found evidence that
cognitive training based on augmented reality is
effective in improving cognitive and behavioral
abilities (Cunha & et al.,, 2016). Reasons for the
effective use of augmented reality compared to
traditional interventions (computer-based and task-
oriented) include the compatibility of this
intervention with the specific and heterogeneous
characteristics of children and adolescents with ASD,
the possibility of manipulation of tools by these
children compared to controlled interventions
(computer-based and task-oriented), and the
adaptability of these children to this intervention (EI-
Seoud& et al, 2019), as well as the possibility of
generalizing the learned skills to daily life (Baragash
& et al., 2022). Given the cognitive and behavioral
deficits discussed in children with high-functioning
ASD, and the efficiency of augmented reality
compared to traditional and computer-based methods,
the aim of the present study is to determine the
effectiveness of the executive functions educational
program using augmented reality in improving
visual-spatial working memory in these children.

Method

The current research employed a semi-experimental
design with pre-test-post-test and one-month follow-
up for the control group. The statistical population of
the study included all high-functioning children with
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autism spectrum disorder in Tehran in the year 2023-
2024. From the population, 30 individuals were
selected using purposive sampling method and then
randomly assigned into two groups of 15, the
experimental and control groups. Participants in both
groups underwent assessment using the Working
Memory Package for Children Pickering &
Gathercole (2001) as the pre-test. Then, the
experimental group underwent an individual and in-
person executive functions educational program
using augmented reality for 21 sessions, lasting 45
minutes each, over a period of 2 and a half months (2
days per week). However, the control group did not
receive the executive functions educational program
using augmented reality. In the follow-up stage, after
one month, both groups were measured again using
the research tool. The data obtained from the study
were analyzed using SPSS24 software and the
analysis of variance (ANOVA) method with repeated
measures.

The executive functions educational program
using augmented reality

The sessions of this intervention were designed and
developed by the researchers under the supervision of
psychology professors, based on the Guidebook for
Cognitive Enhancement Package for Executive
Functions by Arjmandnia (2019) and the
Educational-Therapeutic Guidelines for Working
Memory Enhancement by Arjmandnia & GHasemi
(2018), as well as the theoretical model proposed by
Miyake & et al (2000). It should be noted that the
overall components of the program (response
inhibition, cognitive flexibility, and active visuoal-
spatial memory) were designed and tailored based on
the features of augmented reality and the needs of
children with ASD. A scenario was then mapped out
for this program, which was implemented using
augmented reality technology. It's worth mentioning
that this program can be implemented on a mobile
phone, and children with autism spectrum disorder
were taught to turn on the software embedded in the
mobile phone and scan the image with the audio
program using the mobile phone camera view to
activate the intervention program. Children with ASD
respond according to the voice heard and the
researcher's guide to scan the photos and view the 3D
image.
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Table 1. Educational program of executive functions using augmented reality

Session Objective Content
1 Greeting, Introduction to the educational program and obtaining parental consent, Explanation of the educational program, Pre-
test assessment
5 Imoroving inhibitory response Practice inhibitory response with images of animals with different components in
P 9 yresp augmented reality software
. . R Review of previous exercises, Cognitive flexibility exercise with presentation of
3 Improving cognitive flexibility o
numbers in different colors
4 Improving visual-spatial working memory Review of previous exercises, Vlsual-s;():ztrlgé working memory exercise with picture
5 Improving inhibitory response Review of previous exercises, Inhlbltgry response exercise with images of animals
with different names
6 Improving coanitive flexibilit Review of previous exercises, Cognitive flexibility exercise with presentation of
P gcog y numbers in different colors
7 Improving visual-spatial working memor Review of previous exercises, Visual-spatial working memory exercise with
P g P g y number cards
8 Improving inhibitory response Review of previous exercises, Inhlbltor%/n:(ietséponse exercise with different names for
9 Improving cognitive flexibility Review of previous exercises, Cognitive fI_eX|b|I|ty exercise with presentation of
numbers in different sizes (small-large)
10 Improving visual-spatial working memory  Review of previous exercises, Visual-spatial working memory exercise with mazes
S Review of previous exercises, Inhibitory response exercise with numbers - quantity
11 Improving inhibitory response of shapes
. - - Review of previous exercises, Cognitive flexibility exercise with colored numbers -
12 Improving cognitive flexibility
colored letters
13 Improving visual-spatial working memory Review of previous exercises, Vlsual-zgi'ilsl working memory exercise with cups
14 lmproving inhibitory. respanse Review of previous exercises, Inhibitory response exercise with mathematical
P 9 yresp numbers and numbers to letters
15 Improving coanitive flexibilit Review of previous exercises, Cognitive flexibility exercise with presentation of
P gcog y geometric shapes in different colors and sizes
L . . Review of previous exercises, Visual-spatial working memory exercise - dressing
16 Improving visual-spatial working memory room game
S Review of previous exercises, Inhibitory response exercise with geometric shapes -
17 Improving inhibitory response . .
image of geometric shape
18 Improving cognitive flexibility Review of previous exercises, Cognitive flexibility exercise with tracking task
. . . . Review of previous exercises, Visual-spatial working memory exercise with tunnel
19 Improving visual-spatial working memory
and car game
20 Review of session nineteen and previous sessions
21 Post-test assessment and comparison of post-tests between experimental and control groups
Tool normal distribution of sample data in the visual-

The Working Memory Test Battery for Children:
The Working Memory Test Battery for Children
(WMTB-C) provides a comprehensive assessment
for children between 5 and 15 years of age (Pickering
& Gathercole, 2001). This test consists of 9 subtests
designed based on the 3 main components of working
memory using methods that are simple and quick to
execute.

Results

Before conducting the repeated measures analysis of
variance, the assumptions of parametric tests were
assessed. Accordingly, the results of the Smirnov-
Kolmogorov test indicated that the assumption of

spatial working memory variable in the experimental
and control groups in the pre-test, post-test, and
follow-up stages was met (p> 0/05). Furthermore, the
assumption of variance homogeneity in the visual-
spatial working memory variable was assessed using
Levene's test, the results of which were not
significant, indicating that the assumption of variance
homogeneity was met (p> 0/05). Mauchly's sphericity
assumption was tested using the Mauchly test. The
sphericity assumption in visual-spatial working
memory (p< 0/05) was not met. Therefore, the
degrees of freedom associated with these sub-scales
were adjusted using the Greenhouse-Geisser
correction method.
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Table 2. The results of repeated measures analysis of variance to investigate the difference between groups in visual-spatial working
memory in three stages: pre-test, post-test and follow-up

Variable Effect Sum of Squares  Degrees of Freedom  Mean Squares F Value pValue  Eta Squared
Visual-Spatial time 2063/75 1/083 1906/08 57/26 0/001 0/48
Working Memory _ Groups 1424/04 1 1424/04 5/43 0/001 0/11
time and Groups 2007/08 1/083 103/54 25/84 0/001 0/48

Based on the findings in Table 2, the difference
between visual-spatial active memory scores
(p< 0.01) in three stages of the research is significant.
The results show that 0.11 of the individual
differences are related to the difference between the
two groups. In addition, the interaction between
research stages and group membership is also
significant in visual-spatial working memory variable
(p<0.01). In other words, the difference between
scores in visual-spatial working memory variable in
three stages of the research is significant in two

groups. Therefore, it can be concluded that the
training program of executive functions using
augmented reality has been effective on visual-spatial
working memory of children with high-functioning
autism spectrum disorder. According to the results
obtained in the table above, the difference between
the pre-test, post-test and follow-up stages in the
research variable is significant. Therefore, the results
of the pairwise comparisons of the averages of the
three stages of the research using the extraversion test
are reported in Table 3.

Table 3. Pairwise comparison of the mean between the groups of the training program of executive functions using augmented reality and
control in three stages of research in visual-spatial working memory

Variable Stage

Means of Difference

Standard Error Significance Level

Pre-Test- Post-Test
Pre-Test - Follow-Up
Post-Test- Follow-Up

Visual-Spatial Working Memory

-0/21 3/93 0/001
-0/19 377 0/001
2/00 0/75 0/5

The results of Table 4 indicate that the difference in
mean scores between pre-test and post-test
(educational intervention effect) and the difference
between pre-test and follow-up (time effect) in the
variable of visual-spatial working memory were
significant (p< 0/05). However, the difference
between post-test and follow-up (stability of
educational intervention effect) was not significant,
suggesting that the executive function educational
program using augmented reality had a significant
effect on the visual-spatial working memory variable
at the post-test stage, and this effect remained
continuous at the follow-up stage. The non-
significance of the difference in means between post-
test and follow-up indicates that the training effect
was sustained over the course of one month.

Conclusion

The current study aimed to determine the
effectiveness of an executive function educational
program using augmented reality in improving
visual-spatial working memory in these children.
Here, a novel form of intervention was employed
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compared to traditional and computer-based methods,
such as augmented reality. In explaining the
effectiveness of augmented reality in reducing
cognitive load and improving working memory
capacity, the concept of cognitive load is introduced,
which has been widely used to assess educational
tools and augmented reality falls within its scope
(Buchner & et al., 2021). Cognitive load refers to the
amount of information that working memory holds at
a time before transferring to long-term memory. Due
to the limited capacity of working memory, excessive
cognitive load impedes learning processes (Sweller,
1988). Learning requires three cognitive processes.
Based on the content, visual and auditory information
is selected for transfer from sensory memory to
working memory. The selected information is
mentally organized to form visual and verbal models
in working memory, which are then integrated with
relevant prior knowledge stored in long-term memory
(Mayer, 2019). During learning, information is
retained in working memory before transferring to
long-term memory. Due to the limited capacity and
duration of working memory, excessive loading of
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working memory slows down cognitive processing.
Therefore, cognitive load must be managed for more
efficient learning processes (Paas & van Merriénboer,
2020). Consequently, working memory management
can also be achieved through augmented reality, and
the use of augmented reality can enhance working
memory capacity (Boushner & et al, 2021).
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