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ABSTRACT

IS Autism is one of the most common neurodevelopmental disorders. It causes problems in social
cognition, communication, and understanding of self and others’ feelings, and has a negative effect on the
quality of a person’s life. The present study determines the effectiveness of the Cogniplus cognitive training
program on the social cognition (theory of mind (ToM) of children with autism spectrum disorder (ASD).

In a semi-experimental study with a pre-test, post-test design, and a control group
with a two-month follow-up, 65 children (44 male and 21 female) from 6 to 11 years old with ASD were
selected based on the convenience sampling method from individuals referred to one of autism rehabilitation
centers in Shahr-e-Ray City, Iran. They were assessed by the autism spectrum screening questionnaire (ASSQ).
Overall, 50 children (33 male and 17 female) with a score of 19 and above on the autism spectrum screening
questionnaire were diagnosed with high-functioning autism. They entered into the study according to the
inclusion criteria as follows: having speech ability, the absence of motor or intellectual disability, and visual and
hearing impairments. Meanwhile, they were matched based on their age. They were randomly and equally
assigned to two experimental and control groups. The parents completed the ToM test. The experimental
group participated individually in 20 sessions (twice a week, 30 min per session), in the Cogniplus cognitive
training program, but the control group only received mainstream services (occupational therapy, speech
therapy, art therapy, and music therapy). The parents completed the ToM test in the last session and two
months follow-up. The data were analyzed by the correlation analysis, analysis of regression, and generalized
estimating equations in the SPSS software, version 27.

(TS The results of generalized estimating equations analysis showed that the Cogniplus cognitive training
program improved social cognition (total, first level, and second level of ToM). Meanwhile, the B coefficient
showed that 2.9, 3.08, and 0.96 of the variations, respectively, in the ToM levels as the first, the second, and
the total, in children with ASD who received Cogniplus cognitive training program. Also, the variations lasted
after a two-month follow-up.

[T Considering the positive effect of the Cogniplus cognitive training program on social cognition, the
use of the Cogniplus cognitive training program can solve the need for therapists who have new cognitive
insight into training. Also, the implementation of such programs can help to improve the social cognition of
children with autism disorder with high functioning in real-life situations.
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Introduction

utism spectrum disorder (ASD) is clas-

sified as a neurodevelopmental disorder

characterized by impairments in com-

munication, and social interaction, and

the presence of repetitive and restricted
behavioral patterns. These hallmark symptoms manifest
early in childhood and can significantly impede daily
functioning. As of 2023, the reported prevalence rate of
ASD in children stands at 1 per 36 births [1]. In Iran, the
prevalence of this disorder has been documented at 6.26
per 10,000 [2].

One of the crucial components of communication and
interaction is social cognition. Social cognition encom-
passes all the skills necessary for children to compre-
hend desires, emotions, and feelings [3], serving as a
mechanism to interpret and process societal cues and
align them with an individual’s internal physiological
state. This process elicits a behavioral response that is
appropriate to a given situation [4]. The development of
social cognition commences in the early stages of life,
with infants’ observation of how individuals react to so-
cial stimuli and occurrences serving as the foundation
for the advancement and comprehension of social cog-
nition. Furthermore, the development of social cognition
is a product of the development of the theory of mind
(ToM) [4]. ToM refers to the capacity to comprehend the
thoughts and emotions of others and comprises the fol-
lowing three levels. The initial ToM (first level) which
entails the identification of emotions. The realistic ToM
(second level) involves the recognition that individuals’
beliefs or mental states can diverge, even when some
of these beliefs are not in alignment with reality. The
advanced ToM (third level) which signifies that indi-
viduals may occasionally hold incorrect and mistaken
notions about others’ beliefs. Additionally, it denotes an
individual’s proficiency in making informal declarations
like joking, teasing, and deceiving [5]. Deficiencies in
these factors are linked to challenges in comprehend-
ing the self and others’ thoughts, desires, and emotions,
resulting in a failure to establish effective communica-
tion structures with others and impacting the quality of a
child’s life [6]. The social impairments seen in children
with ASD are partly attributed to deficits in ToM [7, §].
The absence or impairment of social cognition influenc-
es social interactions, relationships, educational and oc-
cupational settings, and overall independent living [8].

Playing as a component of educational and rehabilita-
tive interventions is consistently regarded as a beneficial
approach to enhancing and refining the social cognition
of children with ASD [9]. The efficacy of physical and
movement games [8], cognitive games [9], and social
games [10] in ameliorating the symptoms of ASD has
been substantiated. Among the various games utilized
today, digital and computer-based games are prevalent.
Several studies have demonstrated the effectiveness
of cognitive rehabilitation through computer games in
enhancing ToM [11], mitigating behavioral issues, en-
hancing ToM [12], and improving skills and social per-
formance [13] in children with ASD. Due to the visual
presentation of information in computer-based games,
they hold an appeal for children with ASD [10]. Com-
puter-based games exhibit significant potential in the
realm of special education, serving as tools for assess-
ing autism-related challenges and as valuable resources
for therapeutic and educational purposes. Given that
children with autism may experience confusion and ten-
sion in traditional educational and therapeutic settings,
they often miss out on learning opportunities. Engag-
ing in computer-based games offers them a controlled
educational environment conducive to learning [14].
These games can enhance social skills by bolstering es-
sential cognitive abilities such as attention, memory, and
motivation [3]. Because of children’s limited interest in
conventional cognitive approaches [8] and the benefi-
cial impact of cognitive software on the cognitive ca-
pabilities of individuals with ASD [15], there is a grow-
ing trend toward utilizing digitally presented cognitive
training programs, some of which are referred to as cog-
nitive rehabilitation programs.

Cognitive rehabilitation, as explored in current re-
search, involves a computer-based approach that relies
on the fundamental information processing system.
It offers feedback on an individual’s abilities and self-
efficacy, tailoring educational programs to match the
individual’s skill set. This intervention method begins
by enhancing basic skills, gradually increasing the com-
plexity of exercises. Progress reports on the individual’s
performance in these exercises are shared with thera-
pists, enabling them to assist individuals in enhancing
crucial mental processes essential for advanced learning
[16]. The exercises within cognitive training programs
aim to enhance cognitive functions related to sustained
concentration, response inhibition, visual and auditory
processing, reading, and memory [17].
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Given the rising prevalence of ASD globally and in
Iran, along with growing concerns regarding social inter-
action and cognition challenges faced by these children,
there is a pressing need to focus on programs tailored to
address the specific needs of individuals within the au-
tism spectrum. These programs should aim to simulate
real-life scenarios and facilitate the child’s progress in
daily activities. Cognitive software emerges as a prom-
ising tool for educational and rehabilitative purposes
for these children [18]. Notably, individuals with ASD
often process information more effectively through vi-
sual stimuli [8], making the use of images and software
particularly beneficial in their training. Cognitive digital
programs, which incorporate simple games, prompt us-
ers to perceive the structure of cognitive software akin
to computer games. A key distinction of this software
lies in its emphasis on learning through classical con-
ditioning. Implementing such educational and cognitive
rehabilitation programs within a gaming framework
enhances their appeal and boosts the child’s motivation
to engage and complete tasks associated with the game
[17].

The social challenges present in children with ASD
stem, in part, from deficits in ToM and deficiencies in
social cognition [7, 8]. These impairments subsequently
impact various aspects of social interactions, relation-
ships, academic pursuits, career prospects, and overall
independent living [13]. Cognitive training programs,
which introduce fundamental emotions to facilitate the
recognition of emotions through visual faces at vary-
ing levels and provide computerized feedback based on
individual responses, are effective in identifying emo-
tions, such as happiness, sadness, anger, and fear [19].
The instruction of social and emotional skills through
cognitive training programs has been linked to a reduc-
tion in interpersonal difficulties among children [13], as
well as a positive influence on the adoption of construc-
tive emotional strategies, enhancement of social skills
[20], and overall mental and social performance in chil-
dren [18]. Recent research underscores the efficacy of
cognitive training programs, particularly those based on
computerized platforms, in mitigating behavioral chal-
lenges [12], enhancing ToM [18], boosting levels of so-
cial interaction and communication [19], facilitating eye
contact and shared attention [22], and fostering empathy
[23] in children diagnosed with ASD.

The Cogniplus cognitive training program is recog-
nized as computer-based cognitive software and an intel-
ligent interactive system designed to enhance cognitive
functions [24]. Developed by the Shepherd company
utilizing the Vienna test system, the program’s content
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validity has been endorsed by the Austrian Neurologi-
cal Society. The Vienna system stands as a prominent
measurement tool globally for digital psychological
assessments. Through the utilization of the Cogniplus
cognitive training program, individuals can engage in
training to enhance general cognitive abilities, working
memory, executive functions, and various other cogni-
tive domains. This software offers a moderate level of
challenge to users, ensuring reliable assessment of client
abilities and automatic adjustment to individual needs.
Furthermore, in addition to its cognitive benefits, the
Cogniplus software also contributes to improvements
in social aspects [25]. This program comprises various
game categories, namely the following items: a) Atten-
tion (alertness)-based games, b) Working memory-based
games, ¢) Long-term memory involving the learning of
face-name associations, d) Executive functions games,
e) Spatial processing, and f) Coordination games. The
gameplay within this program is structured such that
after each successful game completion, the individual
receives feedback. As the player progresses, the game
speed increases following the individual’s cognitive lev-
el. Players can begin with simpler games and gradually
advance to more challenging ones [26]. Moreover, the
program can automatically adapt and adjust exercises
to match the individual’s skill level without altering the
core gameplay mechanics. Improved performance leads
to faster gameplay [20].

Given that the Cogniplus cognitive rehabilitation
program operates on the premise of brain plasticity
and self-repair, engaging in its exercises and system-
atically stimulating underactive brain regions results
in the establishment of stable synaptic changes within
these areas. This process ultimately enhances cognitive
functions, addressing a significant challenge faced by
individuals on the autism spectrum. Consequently, the
primary hypothesis sought to explore the impact of the
Cogniplus cognitive training program on altering social
cognition dimensions and varying levels of ToM in chil-
dren aged 6 to 11 years with ASD.

Materials and Methods

In this semi-experimental study, a pre-test, and post-
test design was employed with a control group in addi-
tion to a two-month follow-up. The statistical population
comprised all children aged 6 to 11 years with ASD in
Shahr-e-Ray City, Iran, during the academic year 2022-
2023. They were referred to the Noyan Autism Center.
Out of this population, 65 children were chosen through
the available and non-random sampling method and un-
derwent evaluation using the autism spectrum screening
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questionnaire [27]. To determine the minimum required
sample size for the study, considering financial and time
constraints, previous research [16] with a test power of
0.80, a type 1 error rate of 0.05, and accounting for a
10% dropout probability, a total of 50 individuals (25
individuals in each the experimental and control groups)
were calculated. After scoring the questionnaire, 50 chil-
dren diagnosed with high-functioning autism (33 boys
and 17 girls) who met the inclusion criteria (demonstrat-
ing an interest in playing computer games and scoring
19 or higher on the parent form of the autism spectrum
screening questionnaire) were selected. The inclusion
criteria were also having 6 to 11 years of age, verbal
ability, and the absence of motor disabilities, intellectual
impairments, as well as normal visual and auditory func-
tions. Meanwhile, the exclusion criteria encompassed
concurrent participation in computer cognitive rehabili-
tation programs within the past six months. Following
the selection, the participants were matched based on
age and allocated into either the experimental or control
group, each consisting of 25 individuals. Data collec-
tion involved the administration of the autism spectrum
screening questionnaire [27] and the ToM test [28]. The
experimental group underwent 20 cognitive rehabilita-
tion sessions, while the control group received standard
services offered at the center, including music therapy,
occupational therapy, and speech therapy. Both groups
underwent pre- and post-intervention assessments using
the ToM test, with a follow-up evaluation conducted two
months after the final intervention session. Data analysis
was performed using non-parametric regression model-
ing, specifically generalized estimating equations, with
the SPSS software, version 27, for statistical analysis.

Data collection tools
Autism spectrum screening questionnaire

The Ehlers and Gilberg (1999) questionnaire, consist-
ing of 27 items, was designed to assess various aspects
of communication, social behavior, restricted and re-
petitive interests, gross motor skills, and tic disorders in
children. Administered by parents or teachers, the ques-
tionnaire evaluates auditory and motor functions and
typically takes around 10 min to complete. Responses are
scored based on a 3-point Likert scale (0=no, 1=some-
what, and 2=yes), with a maximum total score of 54. A
total score of 19 or higher on the parent form indicates a
diagnosis of high-functioning autism. The questionnaire
was translated and validated in Persian by Kasechi et
al. [29]. The Cronbach a coefficients were calculated
to assess the internal consistency of the questionnaire
among different groups: Parents of typically develop-
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ing children (0.77), parents of children with autism
(0.68), teachers of typically developing children (0.81),
and teachers of children with autism (0.70). Addition-
ally, test re-test reliability coefficients were determined
for parents (r=0.467) and teachers (r=0.614), indicating
moderate to good reliability over time. To assess the
questionnaire’s convergence validity, correlations were
computed with two additional child behavior assess-
ments as follows: The Rutter child behavior question-
naires and the child symptoms inventory (CSI-4). The
parent form of the questionnaire exhibited a correlation
coefficient of 0.715 with the Rutter and 0.486 with the
CSI-4. Similarly, the teacher form of the questionnaire
showed correlations of 0.495 with the Rutter and 0.411
with the CSI-4. Significant associations were observed
between the scores derived from the parent form of the
questionnaire in both typically developing children and
those with ASD. Furthermore, the Cronbach o coeffi-
cient analysis for the teacher form of the questionnaire,
conducted among typically developing children and
those with ASD, indicated that the questionnaire items
are effective in identifying children with high-function-
ing autism [19]. In this study, the parent form of the
questionnaire was utilized for data collection.

ToM test

The ToM test was employed to evaluate social cogni-
tion and its various dimensions. Developed in 1999 by
Muris et al. [28], this assessment comprises 72 ques-
tions. The primary version of the test has been utilized
to assess ToM abilities in typically developing children
aged 5 to 12 years, as well as subjects with pervasive
developmental disorders. It aims to gauge the child’s so-
cial understanding, sensitivity, insight, and capacity to
articulate emotions and thoughts, offering insights into
the individual’s perspective-taking abilities. Ghamarani
et al. [30] translated the ToM test into Persian in 2005,
adapting the text to align with Persian language con-
cepts. This adaptation led to a reduction in the number
of questions from 72 to 38, with Persian names replac-
ing foreign names. Subsequently, the validity and reli-
ability of the adapted test were assessed on a sample of
40 students with educable intellectual disabilities and 40
typically developing students in Shiraz City, Iran. This
test serves as a comprehensive and objective assessment
designed to measure distinct levels of ToM proficiency
as follows: 1) The initial level or ToM1 (comprising 20
questions), 2) The realistic level or TOM2 (comprising
13 questions), and 3) the advanced level or TOM3 (com-
prising 5 questions). Responses are scored with either
zero or one point allocated per answer. An individual’s
score for TOM1 falls within the range of 0 to 20, for
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TOM2 between 0 and 13, and for TOM3 within 0 to 5.
By summing the scores across all three levels, the total
ToM score (reflecting social cognition) is derived, rang-
ing from 0 to 38. A higher score on the test indicates a
more advanced level of ToM attainment. To assess the
test’s content validity, correlations were examined be-
tween the ToM levels and the total score. Concurrent
validity was evaluated by correlating the test results
with the doll’s house assignment, yielding a coefficient
of 0.89, significant at the P<0.01 level. The correlation
coefficients between the ToM levels and the total test
score ranged from 0.82 to 0.96. Meanwhile, P<0.01 in-
dicated the statistically significant level. To assess the
validity, the test was re-administered to 30 children with
a time interval of two to three weeks. Reliability coef-
ficients for the entire test and each of its three levels
of ToM were calculated as 0.94, 0.91, 0.70, and 0.93,
respectively, with all coefficients showing a significant
level at P<0.01. Test reliability was evaluated using the
Cronbach a and scorer reliability coefficients. The in-
ternal consistency of the test was examined through the
Cronbach a coefficient, yielding values of 0.86 for the
whole test, 0.72 for the first level, 0.80 for the second
level, and 0.81 for the third level of ToM. These results
indicate strong internal validity of the test. Addition-
ally, two experts independently assessed and scored the
responses of 30 children. The correlation coefficient
between the evaluators’ scores served as the reliability
index for the scorers, resulting in a value of 0.98, signifi-
cant at P<0.01 level [30].

Cogniplus cognitive training program

This cognitive software program, developed by Shep-
herd Company and built upon the Vienna test system,
has had its content validity endorsed by the Austrian
Neurological Society. The primary objective of this soft-
ware is to enhance cognitive functions [24]. It operates
by dynamically adjusting the difficulty level of exercises
based on individual performance and delivering them ac-
cordingly. Within the Cogniplus cognitive training pro-
gram, the speed of gameplay increases in tandem with
the player’s proficiency [31]. Feedback is provided after
each stage of the game, and as the individual progresses,
the game’s speed escalates [32]. Tailoring the game’s
complexity to match the player’s cognitive abilities, the
program initiates simpler tasks and gradually introduces
more challenging gameplay [33]. Improving cognitive
functions is anticipated to enhance social skills, particu-
larly social cognition and its various dimensions [31].
This program is computer-based and comprises multiple
game categories. The games utilized in this study en-
compass the following items: a) Attention (alertness)-
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based games, covering aspects such as alertness phasic,
alertness intrinsic, divided attention, focused attention
visual, focused attention auditory, selective attention
visual, selective attention auditory, visual spatial atten-
tion, and vigilance; b) Working memory-based games,
involving tasks like spatial coding, updating — spatial,
updating — visual, rehearsal, visuospatial; ¢) Long-term
memory, involving the learning of face-name associa-
tions; d) Executive functions games, incorporating ac-
tivities, such as response inhibition, planning and action
skills; e) Spatial processing, like mental rotation; and f)
Coordination games, like visuomotor coordination. In
this research, the Cogniplus cognitive training program
was individually administered to participants over 20
sessions (twice weekly, each session lasting 30 min).
The meeting’s agenda is outlined in Table 1, detailing
the objectives and tasks.

Study procedure

After obtaining the Code of Ethics from the University
of Social Welfare and Rehabilitation Sciences and ob-
taining permission from the Tehran City Welfare Orga-
nization, the study sample was selected from the Noyan
Rehabilitation Center in Shahr-e-Ray City, Iran, via the
available sampling method. After visiting the center, the
research objectives were explained to the officials. Sub-
sequently, during individual meetings with the parents,
the purpose of the study was communicated, and 65 vol-
unteer parents, whose children had been diagnosed with
high-functioning autism, provided written consent for
their child’s participation in the study. The parents com-
pleted and responded to the autism spectrum screening
questionnaire.

After the questionnaire was scored by one of the resi-
dent psychologists at the center, 50 out of the 58 chil-
dren who scored 19 or higher in the questionnaire (33
boys and 17 girls) met the inclusion criteria (such as the
child’s interest in playing computer games, age between
6 and 11 years, scoring 19 or above in the parent form of
the autism spectrum screening questionnaire, the child’s
ability to speak, and the absence of motor disability, in-
tellectual disability, and sensory impairments including
vision and hearing). They also met the exclusion criteria
(not participating in similar computer-based cognitive
training programs in the last six months or at the same
time).

The children were selected via the available sampling
method. Subsequently, after age matching, the children
were randomly assigned to either the experimental or
control group. The parents were then requested to com-
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Table 1. The content of Cogniplus cognitive training program by session, objective, and tasks

Session Program’s Name Objective Task (Exercise)
" Behavior inhibition (ability Playing the role of a post-office employee who must sort letters and
1-5 HIBIT: to suppress unwanted reac- B ;
tions) packages as quickly and accurately as possible
Imbrovement of workin Viewing digital images with different topics on the screen; and deciding
6-10 NBACK? pmemor capacit g on the matching of the image with one, two, and three previous
y capacity images; images become more difficult at higher levels of the task
5 Coordinating motor move-  Using a joystick to keep a circle positioned over a target object on the
11-15 VISMO o A
ments with visual stimuli screen
Memorization phase: The client observes vehicles driving onto a
Supervision of storage pro-  bridge;
cesses based on coding the  Rehearsal phase: While driving over the bridge, the vehicles disappear
16-20 CODING* incoming informationac-  from the client’s view;

cording to its spatial features
(location and arrangement)

Recall phase: The vehicles reappear at the end of the bridge, and one
vehicle may have changed its position and the client must identify this
vehicle

'Executive functions: Response inhibition; 2Working memory: Updating—visual; *Visuomotor coordination;

*Working memory: Spatial coding.

plete the ToM test. The experimental group underwent
the Cogniplus cognitive training program in 20 indi-
vidual sessions, each lasting 30 min (twice a week at
varying times outside the center’s regular programs). In
contrast, the control group received standard services
at the center (occupational therapy, speech therapy, art
therapy, and music therapy) along with piano and puz-
zle mobile games. Following the final training session
(at the end of the tenth week) and two months later, all
participants in both the experimental and control groups
underwent evaluation using the ToM test. The adminis-
tration of the questionnaires and the Cogniplus cogni-
tive training program was conducted by the researcher.
The scoring of all questionnaires was performed by a
resident psychologist in the Center with the requisite
expertise in questionnaire evaluation. Meanwhile, the
psychologist was unaware of whether the questionnaire
pertained to the experimental or control group. The re-
search data were analyzed utilizing correlation analysis,
regression analysis, and generalized estimating equa-
tions in the SPSS software, version 27.

Results

Descriptive indices of age variables are presented sepa-
rately in two experimental and control groups in Table 2.

To determine the equality of the two groups in terms of
age, the chi-square test was employed, with the results
detailed in Table 2. As illustrated in Table 2, the high-
est proportion of participants in the experimental group
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falls within the age brackets of 9 to 10 years and 10 to
11 years (36%), while the majority of participants in the
control group are aged 9 to 10 years (32%). Based on
the chi-square statistic’s significance level (P=0.375),
the age differential between the experimental and con-
trol groups is not significant, indicating equality in age
distribution between both groups. The Mean+SD of the
social cognition variable (comprising ToM and its lev-
els) for participants in both the experimental and control
groups are outlined in Table 3.

As depicted in Table 3, the mean social cognition
scores (the first level: Initial ToM; second level: Real-
istic ToM; and the total ToM score) in the experimental
group showed an increase in the post-test and follow-up
assessments compared to the pre-test evaluation. Con-
versely, such a notable change was not observed in the
control group, despite an increase in scores from the pre-
test to the post-test phase. The participants struggled to
attain any marks in the tasks associated with the third
level of ToM, which is known to be more challenging
than the preceding levels.

To examine the hypothesis that the Cogniplus cogni-
tive training program alters the facets of social cognition
and various levels of ToM in children aged 6 to 11 years
with ASD, a non-parametric regression modeling analy-
sis method (employing generalized estimation equa-
tions to assess longitudinal data) was utilized. Initially,
the normality of data distribution was assessed using the
Kolmogorov-Smirnov and Shapiro-Wilk tests. Based on
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Table 2. Frequency and percentage of demographic characteristics of experimental and control group participants by age and gender group

No. (%)
Variables Category
Experimental Control
6-7 8(2) 4(1)
7-8 3(12) 4(16)
8-9 2(8) 4(16)
Age (y) 9-10 9(36) 8(32)
10-11 9(36) 5(20)
11-12 0(0) 3(12)
Total 25(50) 25(50)
Boy 14(56) 19(76)
Gender Girl 11(44) 6(24)
Total 25(50) 25(50)
Rehabilitation
the Kolmogorov-Smirnov statistics for the initial ToM and the total ToM score (0.967), all statistics are signifi-

(first level=0.093), realistic ToM (second level=0.292), cant at the P<0.01 level.

and the total ToM score (0.094), all obtained results are

statistically significant at the P<0.01 level. Furthermore, Consequently, the variables exhibit non-normal distri-
considering the Shapiro-Wilk scores for the initial ToM bution and the presence of outliers in the data distribu-

(first level=0.976), realistic ToM (second level=0.685), tion is noted. The data distribution is not bell-shaped,
and with a significance level P<0.01, the analysis was

Table 3. Mean+SD of social cognition of participants in pre-test, post-test, follow- up

MeantSD
Variable ToM Groups Situation
Pre-test Post-test Follow-up
Experimental 4.16+0.44 9.40+4.32 10.68+4.26
Initial (1 level)
Control 8.64+4.67 8.88+4.32 9.0044.28
Experimental 0.40+1 1.80+2.35 2.44+2.65
Realistic (2™ level)
Control 0.88+1.42 0.90+1.61 1.0041.53
Social cognition
Experimental 0 0 0
Advanced (3" level)
Control 0 0 0
Experimental 4.50+2.94 10.6£5.23 12.8+6.52
ToM (total score)
Control 9.5045.4 9.645.1 10.045.5
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Table 4. Results of generalized estimation equation for the effectiveness of Cogniplus program on social cognition

GroupxTime —
Inter':\ ction B Coefficient df z P
Lower Limit Upper Limit
- 2.8 1 18.4 3.4 45 <0.001
Archives of
Rehabilitation
conducted using the generalized estimation equation Discussion

method, with the results outlined in Table 4.

Based on the findings from Table 4, the progres-
sion of alterations in social cognition (specifically the
overall ToM score) has exhibited a significant increase
(P<0.001) in the experimental group compared to the
control group, with a difference of 2.8 observed over
time. As a result, the research hypothesis has been vali-
dated, indicating that the effectiveness of the cognitive
rehabilitation program on social cognition has been sus-
tained even after a two-month follow-up period.

The method of generalized estimating equations was
employed to explore the research inquiries surrounding
whether the cognitive rehabilitation program impacts the
facets of social cognition (including initial and realistic
levels of ToM) in children aged 6 to 11 years with ASD.
The results of this analysis are presented in Table 5.

According to Table 5, the trajectory of variations in
the initial level and the realistic level (corresponding to
the first and second levels of ToM) over time in the ex-
perimental group, in comparison to the control group,
has demonstrated a significant increase of 3.08 and 0.96
units, respectively (P<0.001). Consequently, it is plau-
sible to deduce that the Cogniplus cognitive training
program has influenced the initial and realistic ToM (the
first and second levels of ToM) in children aged 6 to 11
years of ASD.

The primary objective of this study was to assess the ef-
fectiveness of the Cogniplus cognitive training program
on social cognition and ToM levels in children aged 6
to 11 years diagnosed with ASD. The initial finding of
the research suggests that the Cogniplus cognitive train-
ing program enhances social cognition in children within
this age group who have high-functioning ASD. This
outcome aligns with the findings reported by Darvishi
et al. [11], and Yaghini et al. [12], further supporting the
positive impact of such cognitive training programs on
social cognition in children with ASD. Accordingly, the
Cogniplus cognitive training program places a signifi-
cant emphasis on instructing emotion recognition and en-
hancing imitation skills in children diagnosed with ASD.
The acquisition of these skills aids in the learning of self-
regulation strategies for children on the autism spectrum,
who may exhibit slower development in these areas. As
a consequence, the enhancement of social cognition, par-
ticularly in terms of ToM levels, is observed. In line with
the theory of disrupted mirror neurons, impairment in
the mirror neuron system of the brain may impede com-
munication, imitation abilities, and the advancement of
ToM in children with ASD. Engaging in the exercises
and tasks incorporated in the Cogniplus cognitive train-
ing program has been suggested to ameliorate the func-
tioning of mirror neurons [12], thereby facilitating the
child’s capacity to engage in appropriate imitation activi-
ties. This improvement in imitation skills can contribute
to the child’s ability to comprehend and interpret the
emotions and sentiments of others, ultimately fostering
the growth and evolution of their social cognition.

Table 5. Results of generalized estimation equation for the effectiveness of Cogniplus program on social cognition's level

GroupxTime Interaction 95% Cl
Variable Level P
B Coefficient Z Lower Limit Upper Limit
Initial 3.080 53.175 2.252 3.908 <0.001
Theory of mind
Realistic 0.960 12.152 0.420 1.500 <0.001
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The second key finding of the study suggests that the
Cogniplus cognitive training program has effectively
altered and enhanced both the initial ToM (level one)
and the realistic ToM (level two) in children aged 6 to
11 years diagnosed with ASD. This result is in line with
the outcomes of a previous study [34]. Existing research
indicates that engaging in movement games [35] and
participating in exercises focused on response inhibition
and working memory can positively influence the en-
hancement of the first and second levels of ToM. Given
that the Cogniplus cognitive training program incor-
porates movement games designed to bolster working
memory and exercises targeting response inhibition, as
shown in a study [36], these movement-based activities
enhance cognitive flexibility in children. This enhanced
cognitive flexibility plays a pivotal role in the develop-
ment of ToM. Accordingly, the ability of individuals to
dissect components of a unified whole and identify vari-
ous emotions and feelings necessitates a robust active
memory capacity. Therefore, engaging in movement
exercises has improved active memory capacity and vi-
sual-spatial memory, consequently leading to enhance-
ments in both the initial and realistic levels of ToM [36].

One of the findings from the research indicated that
undergoing the cognitive rehabilitation program did
not have a significant impact on the advanced ToM
(third level) in children aged 6 to 11 years diagnosed
with ASD. These results are in line with findings from
previous studies [33, 37] and are contradictory to the
outcomes of two other studies [38, 39]. According to
Sayfi’s study [37], interventions and training based on
ToM may only enhance certain levels of ToM in chil-
dren with ASD. The research by Mansuri et al. [40]
revealed that children with ASD possess a ToM, albeit
in a rudimentary and preliminary form. These findings
are at odds with some earlier studies [38, 39] suggesting
that children with ASD can attain the third and advanced
level of ToM. Hence, the children in the present study
may belong to a subgroup of individuals with ASD who
exhibit different cognitive abilities and 1Q levels com-
pared to those examined in previous research. In the
recent explanation provided, it is highlighted that the
tasks associated with the second level of ToM are more
challenging in comparison to those linked to the first
level. Therefore, tasks at the third level of ToM are more
intricate. The advanced skills required for ToM surpass
the comprehension needed for the basic level tasks and
necessitate an understanding of complex cognitive, epis-
temic, and emotional states. In essence, the third-level
tasks involve interpreting mental states in situations
characterized by uncertainty or lack of transparency,
demanding multiple inferences to be drawn. Due to

Summer 2024. Vol 25. Num 2

these heightened complexities, children with ASD may
struggle to complete tasks at this level of ToM. As per
Ganea’s perspective [41], advanced ToM skills play a
crucial role in facilitating sophisticated social interac-
tions and academic achievements.

Conclusion

Based on the findings of the current research, it was
observed that social cognition, including the overall
score of ToM and its first and second levels, improved
in children with ASD following their participation in
the Cogniplus cognitive training program. Furthermore,
this improvement was sustained even after two months
post-training. Cognitive training program are designed
to retain cognitive functions through practice, adapta-
tion, and implicit learning. These programs are rooted
in the concept of brain plasticity and self-repair, where
engaging in exercises that stimulate fewer active areas
of the brain can lead to stable synaptic changes in those
regions. This, in turn, can result in enhanced cognitive
functions.

The cognitive training program, such as Cogniplus, op-
erates on the principles of information processing, pro-
viding individuals with feedback on their abilities and
self-efficacy. By engaging individuals in exercises and
computer activities, the program can foster interest and
motivation, encouraging continued participation. There-
fore, incorporating the exercises used in the Cogniplus
program as part of training for children with ASD could
be beneficial. The findings from the research may be of
interest to special education specialists and educational
program designers, enabling them to develop educa-
tional programs that incorporate computer games. These
programs can enhance motivation for educational activi-
ties among children with ASD and cater to the individual
needs of each child, allowing for personalized learning
experiences based on their abilities. Given that ASD is
associated with significant impairments in social cogni-
tion functions, particularly ToM, as well as challenges
in communication and social interaction, parents and
educators must provide a supportive and enriching envi-
ronment for children with ASD from the early stages of
diagnosis. By offering appropriate training to nurture the
hidden mental and cognitive talents of these children,
the severity of the impairments caused by ASD on social
cognition functions can be mitigated. This approach can
help individuals with ASD develop and thrive in their
social interactions and communication skills.

Tajik Z, et al. Cogniplus Cognitive Training on Social Cognition in Autism. RJ. 2024; 25(2):208-231.
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Study limitations

The research study outlined several significant limita-
tions that could impact the generalizability and robust-
ness of the findings. These limitations include the use of
anon-random and limited sampling method, the absence
of multiple assessment tools for evaluating social cogni-
tion, the inability to compare experimental and control
groups based on gender and age variables, and the lack
of IQ measurement among study participants. Further-
more, relying solely on parent reports through an autism
spectrum screening questionnaire may restrict the gen-
eralizability of the results. To address these limitations
and enhance the validity of future research efforts, it is
recommended to employ random sampling methods that
encompass both genders and a wider age range. Addi-
tionally, measuring the 1Q levels of children with ASD,
utilizing multiple tools for assessing social cognition
and ToM, and moving beyond sole reliance on parent
reports can contribute to more comprehensive and ac-
curate results regarding the efficacy of cognitive training
programs like Cogniplus on social cognition in children
with disorders. Moreover, extending the follow-up pe-
riod post-intervention can offer insights into the long-
term effectiveness of cognitive training programs in
strengthening social cognition and ToM dimensions in
children with ASD. This extended evaluation period can
help determine whether the benefits of such interven-
tions persist over time.
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18. Rutter Children’s Behavior Questionnaire
19. Child Symptom Inventory-4 (CSI-4)
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17. Autism Spectrum Screening Questionnaire (ASSQ)
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22. Divided attention

23. Focused attention visual
24. Focused attention auditory
25. Selective attention visual
26. Selective attention auditory
27. Visual spatial attention

28. Vigilance

29, Spatial coding

30. Updating-spatial

31. Updating-visual

32. Rehearsal-visuospatial

33. Response inhibition

34. Planning

35. Action skills

36. Mental rotation

37. Visuomotor coordination
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20. Alertness phasic
21, Alertness intrinsic
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38. Piano kids
39. Puzzle
40. Generalize Estimating Equations (GEE)
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