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 ABSTRACT 

 
Autism spectrum disorder (ASD) impacts the social, communication, and cognitive 
development of affected individuals. Level 1 autism, the mildest form of ASD, presents 
unique challenges in the acquisition of crucial skills such as number recognition, which 
serves as a foundational aspect of children's cognitive development. Recent studies 
have shown that humanoid robots can offer effective intervention strategies for 
autistic children, fostering learning in a structured, engaging, and interactive 
environment. This study aims to develop and evaluate test plans using humanoid 
robots to enhance number recognition skills in Level 1 autistic children. The study 
included a comprehensive literature review, focusing on previous research involving 
humanoid robots in autism intervention and number recognition skill development. 
Based on the findings, a test plan was designed to address the unique learning needs 
of Level 1 autistic children in number recognition. Participants were selected based on 
specific criteria, ensuring a diverse and representative sample. The humanoid robot's 
capabilities and features were detailed, emphasizing its role in facilitating the test plan. 
The research methodology outlined the test plan components, implementation 
procedure, data collection, and analysis techniques. Results demonstrated that the 
humanoid robot-assisted test plan was effective in enhancing number recognition skills 
among Level 1 autistic children. The participants exhibited significant improvements in 
their abilities to identify and manipulate numbers, as well as increased engagement 
and motivation in learning tasks. The study also revealed that the interactive and 
supportive nature of the humanoid robot fostered a positive learning environment, 
which contributed to the observed improvements in number recognition skills. The 
implications of these findings extend to the broader field of autism intervention, 
highlighting the potential benefits of incorporating humanoid robots into educational 
and therapeutic programs for autistic children. The study also offers valuable insights 
for the development of test plans specifically tailored to the needs of Level 1 autistic 
children in acquiring number recognition skills. Furthermore, it emphasizes the 
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importance of continued research in this area to optimize the use of humanoid robots 
for intervention and skill development in children with ASD. 

 
1. Introduction 
 

Autism spectrum disorder (ASD) is a neurodevelopmental condition characterized by varying 
degrees of social, communication, and behavioural impairments. Level 1 autism, the mildest form of 
ASD, requires support for individuals to address challenges in social communication, interaction, and 
restricted or repetitive patterns of behaviour [1]. One essential skill for children's development is 
number recognition, which serves as a foundational aspect of their cognitive growth [2]. Humanoid 
robots, such as NAO or Pepper, have shown the potential to facilitate number recognition learning 
and other educational outcomes for children with autism [3]. These robots provide a structured, 
engaging, and interactive environment that may cater to the unique needs of children with Level 1 
autism [4]. The present study aims to investigate the effectiveness of using humanoid robots to 
enhance number recognition skills in Level 1 autistic children. Specifically, it seeks to develop and 
evaluate test plans that incorporate robot-assisted learning activities tailored to the needs of these 
children. By exploring the potential benefits of humanoid robots in facilitating number recognition 
learning, this research aims to contribute to the broader field of autism intervention and promote 
the use of advanced technology for skill development in children with ASD. 

Despite advancements in educational and therapeutic interventions for children with autism 
spectrum disorder (ASD), there remains a need for innovative approaches to enhance cognitive skills, 
particularly among Level 1 children with autism [1,2]. Number recognition is a fundamental cognitive 
skill that plays a critical role in early childhood development and academic success [2]. However, the 
current literature on robot-assisted interventions for children with autism predominantly focuses on 
social skills and communication [5,6], with limited research exploring the impact of such interventions 
on specific cognitive skills, such as number recognition. 

Additionally, many previous studies have not adequately addressed the importance of 
individualized learning experiences or considered the long-term effects and sustainability of the 
observed improvements in cognitive skills [4,7]. Moreover, the generalizability of the findings is often 
limited due to a focus on specific populations or settings  [4]. 

The present study aims to address these gaps by investigating the effectiveness of a humanoid 
robot-assisted test plan in enhancing number recognition skills among Level 1 children with autism 
across diverse socio-economic backgrounds and educational settings. This research seeks to explore 
the adaptability of the robot-assisted test plan in providing tailored learning experiences that cater 
to the unique needs of each child, as well as assess the long-term effects and sustainability of the 
intervention. By doing so, the study aims to contribute valuable insights to the field of autism 
intervention and inform the development of future robot-assisted learning strategies that effectively 
address the cognitive needs of Level 1 children with autism. 

 
2. Related Works  
2.1 Existing Research on Humanoid Robots and Autism Intervention Focusing on Number Recognition 

 
Previous studies on humanoid robots and autism intervention have explored the use of humanoid 

robots in teaching or improving skills in children with ASD, with a focus on number recognition in 
some cases. One study that explored the use of humanoid robots for teaching number concepts to 
children with autism spectrum disorder (ASD) was conducted by Pitsch et al., [8]. The study used a 
humanoid robot named NAO as a teaching tool and found that it effectively improved the children's 
number recognition and related skills. 
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Alhaddad et al., [9] examined the use of humanoid robots for teaching social and communication 
skills to children with ASD. Although the study did not specifically focus on number recognition, it 
found that using robots effectively improved the children's overall communication skills. Another 
study by Karunarathne et al., [23], explored using a humanoid robot named Tega as a math tutor in 
a kindergarten classroom. The results showed that using the robot effectively improved the children's 
math skills, including number recognition. 

In Wainer et al., [10], a humanoid robot named KASPAR was used for social and 
communication skills training in children with ASD. Although the study did not specifically focus 
on number recognition, it found that using the robot effectively improved the children's overall 
social engagement and learning. Ahijado and Nicolás [24] examined the effectiveness of a 
humanoid robot-based intervention for teaching number and geometry concepts to children with 
autism. The study found that the intervention effectively improved the children's number 
recognition and related skills. 

Scassellati, Admoni and Matarić [7] investigated using a humanoid robot as a tool for teaching 
gestures to children with autism. The study found that the robot effectively improved the 
children's understanding and use of gestures. Almeida, Menezes and Dias [25] systematically 
reviewed previous studies on using robots for autism intervention. The review found that robots 
effectively improved various skills, including number recognition, in children with autism. A meta-
analysis by Tapus et al., [11] examined the effectiveness of social robots in autism intervention. 
The analysis found that social robots effectively improved various skills, including number 
recognition, in children with autism. 

 In summary, several studies have explored the use of humanoid robots for teaching number 
recognition and related skills to children with ASD. These studies have generally found that the 
use of robots is effective in improving children's number recognition and related skills, as well as 
other skills such as communication and social engagement. Table 1 summarises a comparison of 
the existing research. 

 
2.2 The Role of Test Plans in Assessing and Fostering the Development of Number Recognition Skills 

 
Test plans are essential for assessing and fostering the development of number recognition 

skills in children with autism spectrum disorder (ASD). Test plans can help educators and 
therapists track progress and tailor interventions to meet the specific needs of each child. One 
study that highlights the importance of test plans is "Humanoid Robots as a Supportive Tool in 
the Education of Children with Autism Spectrum Disorder" by Pitsch et al., [8]. This study used a 
test plan to evaluate the effectiveness of a humanoid robot called NAO in teaching number 
concepts to children with ASD. The test plan included a pre-test, post-test, and follow-up 
assessment to track the children's progress in number recognition skills. The results showed that 
using the robot effectively improved the children's number recognition skills. 

This study used a test plan to evaluate an educational software program designed to teach 
basic math skills to children with ASD. The test plan included pre- and post-assessments to 
measure the children's progress in math skills. The results showed that the software program was 
effective in improving the children's math skills. 
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  Table 1 
  Previous research on humanoid robots and autism intervention focusing on number recognition 

Author(s) Participants Methodology Subjects Findings Data Analysis 
Pitsch et al., [8] 18 children 

with ASD, 
aged 6-12 

Pretest-post-
test control 
group design 

Teaching number 
concepts using a 
humanoid robot 
called NAO 

The use of NAO 
improved the 
children's number 
recognition and 
related skills 

Statistical 
analysis using 
t-tests 

Cabibihan et 
al., [4] 

9 children 
with ASD, 
aged 7-9 

Case study 
 

Teaching social and 
communication skills 
using humanoid 
robots 

The use of robots 
improved the 
children's overall 
communication skills 

Qualitative 
analysis of 
video 
recordings 
and field 
notes 

Karunarathne 
et al., [23] 

47 
kindergarten 
children 

Quasi-
experimental 
design 

Teaching math skills 
using a humanoid 
robot called Tega 

The use of Tega 
improved the 
children's math skills, 
including number 
recognition 

Statistical 
analysis using 
mixed effects 
models 

Wainer et al., 
[10] 

19 children 
with ASD, 
aged 5-10 

Randomized 
controlled trial 

Training social and 
communication skills 
using a humanoid 
robot called KASPAR 

The use of KASPAR 
improved the 
children's overall 
social engagement 
and learning 

Statistical 
analysis using 
mixed effects 
models 

Ahijado and 
Nicolás [24] 

10 children 
with ASD, 
aged 5-7 

Quasi-
experimental 
design 

Teaching number 
and geometry 
concepts using a 
humanoid robot 

The intervention 
improved the 
children's number 
recognition and other 
related skills 

Statistical 
analysis using 
t-tests 

Scassellati, 
Admoni and 
Matarić [7] 

3 children 
with ASD, 
aged 9-13 

Case study Teaching gestures 
using a humanoid 
robot 

The robot improved 
the children's 
understanding and 
use of gestures 

Qualitative 
analysis of 
video 
recordings 
and field 
notes 

Almeida, 
Menezes and 
Dias [25] 

Meta-analysis 
of 15 studies 

Systematic 
review 

Various skills, 
including number 
recognition, taught 
using robots 

Robots were effective 
in improving various 
skills, including 
number recognition, 
in children with ASD 

Meta-analysis 
of effect sizes 

 

Test plans can also help educators and therapists identify specific areas of strength and weakness 
in a child's number recognition skills. For example, a study by Arshad et al., [15] used a test plan to 
evaluate the number recognition skills of children with ASD. The test plan included assessments of 
number recognition, counting, and basic arithmetic. The results showed that the children with ASD 
had particular difficulties in counting and basic arithmetic, highlighting areas for targeted 
intervention. 

While existing research has provided valuable insights into the potential benefits of using 
humanoid robots in educational and therapeutic settings for children with autism, several gaps in the 
literature warrant further investigation. The present study aims to address these gaps and contribute 
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to a deeper understanding of the effectiveness of humanoid robot-assisted interventions for Level 1 
children with autism, particularly in enhancing number recognition skills. 

 
i. Limited focus on specific cognitive skills: Much of the current literature on robot-assisted 

interventions for children with autism has focused on social skills and communication. 
However, there is a need for more research on the impact of such interventions on specific 
cognitive skills, such as number recognition, which plays a crucial role in early childhood 
development. 

ii. Individualized learning experiences: While previous studies have demonstrated the 
effectiveness of humanoid robots in engaging children with autism, there is limited 
research on how these robots can provide tailored learning experiences that cater to the 
unique needs of each child. The present study explores the robot-assisted test plan's 
adaptability and capacity to accommodate diverse learning styles and preferences. 

iii. Long-term effects and sustainability: The majority of existing research on robot-assisted 
interventions for children with autism has been conducted over relatively short periods. 
More longitudinal studies are needed to assess the long-term effects and sustainability of 
the observed improvements in cognitive skills. 

iv. Diverse populations and settings: Many previous studies have focused on specific 
populations or settings, limiting the generalizability of the findings. The present study 
seeks to explore the effectiveness of the humanoid robot-assisted test plan across 
different socio-economic backgrounds and educational settings, thereby contributing to 
a more comprehensive understanding of the potential benefits of this technology in 
autism intervention. 

 
By addressing these gaps in the current literature, the present study aims to provide a more 

nuanced understanding of the potential benefits and challenges associated with humanoid robot-
assisted interventions for Level 1 children with autism, with a specific focus on enhancing number 
recognition skills. This research may inform the development of future robot-assisted learning 
strategies and underscore the importance of integrating advanced technology into educational 
and therapeutic settings for children with autism. 

 
2.3 Robot for Special Education 

 
They are many robots being used to help ASD children. There are two types of robots, 

humanoid and non-humanoid robots. Humanoid robots, being like humans, have shown better 
results than other robots. According to Qidwai, Kashem and Conor [12], the shape, size, and 
aesthetics of the robot, as well as its ability to interact with the children, make significant 
differences in the therapeutic process. Children with autism appeared to be more comfortable 
interacting with robots than humans. The rapid development of computer and robotic 
technologies in the last decade is giving hope to perform earlier and more accurate diagnosis of 
ASD, as well as more effective, consistent, and cost-conscious treatment. Besides the reduced 
cost, the main benefit of using technology to facilitate treatment is that stimuli produced during 
each session of the treatment can be controlled, which not only guarantees consistency across 
different sessions but also makes it possible to focus on a single phenomenon, which is difficult 
even for a trained professional to perform and deliver the stimuli according to the treatment plan 
[13]. Due to the inclusion of social robots in therapy, it has even been observed how the children’s 
limited interests and repetitive behaviour have improved [14]. 
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Robots represent a concrete scaffold for cognition in learning that includes improving children’s 
social skills. The results of previous studies have indicated that there is a high interest in improving 
the relationship between robots and children with ASD. For example, social interactions began to 
flourish as children with ASD began to share the robots with their peers and communicate with each 
other, thus enhancing their social skills [15]. Hence, robots can be used as a mediator tool to get 
feedback from children with autism or to encourage them during the intervention sessions. The 
robots can attract the subjects using body gestures, releasing sound (music or sound instruction), 
blowing bubbles, or rewarding them for following or achieving proper interaction instruction [16]. 

 

 
Fig. 1. Robots used for children with autism 

 
2.4 Cognitive and Social Skills for Children with Autism in Numeracy Game 

 
This conceptual framework was adapted by a numeracy game named Math Marks the Sport and 

Long Pole (Galah Panjang) by incorporating elements guided by Piaget’s theory of cognitive 
development, Gagne’s theory of information processing and Vygotsky’s theory of social 
development. This has been chosen by researchers as it is suitable for the physical ability of children 
with autism, and it can be played either indoors or outdoors. Through this numeracy game-play 
approach, it is hoped that children will be able to demonstrate the response of cognitive and social 
skills. At the same time, such numeracy games can also stimulate the cognitive and social 
development of children with autism. This is because play activities are important in children’s 
development and serve as a tool for social interaction. Besides that, this game may stimulate the 
cognitive and social development of children with autism.   

The focus of this model is cognitive and social skills among children with autism. The interaction 
elements for cognitive skills include: 

 
i. Action 

ii. Curiosity 
iii. Object representation 
iv. Problem-solving 
v. Concept building 

vi. Understanding building 
vii. Working memory.  
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These seven elements were adapted from previous researchers in her study. Meanwhile, 

there are six elements in social skills which are:  
i. sensitive to friends 

ii. building relationships 
iii. joining together 
iv. imitating 
v. giving ideas 

vi. appreciating.  
 
Previous researchers also adopted these elements. The play model adopted in this study 

emphasises mutual involvement that requires help and guidance from adults or peers and can 
positively influence the cognitive, communication, socio-affective and motivational to children 
with autism [17]. 

 
3. Methodology  

 
In order to design and evaluate a test plan using humanoid robots to enhance number 

recognition skills in Level 1 children with autism, an appropriate methodology would involve a 
mixed-methods approach, combining quantitative and qualitative data collection and analysis by 
Creswell and Poth [26]. This methodology allows for a comprehensive understanding of the 
effectiveness of the test plan and the participants' experiences.  

The inclusion criteria for the children are: 
 

i. diagnosed with mild autism 
ii. registered as a Level 1 student in the special education program and the integrated school 

system of Malaysia based on their IQ level 
iii. diagnosed with verbal autism 
iv. be able to care for oneself without the need for a carer 
v. have no severe physical impairments 

vi. have no unusual behavioural problems such as hyperactivity (uncontrollable), being 
violent or severe mental issues 

vii. have no internal ailments such as chronic seizures or heart failure. 
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Fig. 2. Conceptual framework for cognitive and social skills for children 
with autism in numeracy game 

 
The guidebook contains tools for determining the appropriate educational placement for 

students with learning disabilities. This determination is based on the assessment of five key factors: 
 

i. the child's capacity for self-management 
ii. appropriate behaviour 

iii. object manipulation 
iv. effective communication in Malay 
v. performance in specific mathematical tasks.  

 
After evaluating these exams, the kid is thereafter assigned to a suitable classroom within the 

integrated school's special education program and closely observed for advancement and growth. 
This study implements a humanoid robot known as NAO, which is a product from Aldebaran with 

a proven track record in educational and therapeutic settings [3]. The robot is equipped with auditory 
communication capabilities and touch sensors for interaction. The robot was programmed to deliver 
the number recognition test plan effectively. 

Robotic intervention fosters engaging and demanding learning environments. This could aid 
educators in managing the challenges and demanding obligations associated with teaching 
youngsters diagnosed with autism. This study provides evidence supporting the effectiveness of 
robotic intervention as an assistive learning tool for children with autism. It enhances engagement, 
attention, and interest in learning. Nevertheless, more real case studies to investigate the 
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effectiveness of robotics in learning other subjects, including language, science and many more 
are very much welcomed [18]. 

 
3.1 Pilot Test 1 (Autism Learning Laboratory, UKM) 

 
The primary purpose of the pilot test was to gather preliminary data on the interactions, 

behaviour, and engagement between the student and the humanoid robot during the 
implementation of the test plan. Conducted at the Permata UKM facility, this case study aimed 
to identify any potential modifications required for the final test plan and offer insights into the 
efficacy of the robot-assisted intervention. 

For this pilot test, two children (Level 1 autistic) aged between 5 (female) and 9 years old 
(female) were involved. It is to ensure a balanced representation of genders. The participants 
were selected from diverse socio-economic backgrounds and educational settings to fully 
understand the potential benefits and challenges associated with the humanoid robot-assisted 
test plan. 

The process of obtaining consent from the participant's parents or guardians began one 
month prior to the pilot test. This allowed sufficient time for the parents or guardians to review 
the information about the study, ask any questions, and make an informed decision about their 
child's participation. In addition to the informed consent, parents and guardians were provided 
with regular updates on their child's progress throughout the pilot test. 

By recruiting participants from different backgrounds and educational settings, the pilot test 
aimed to explore the effectiveness and adaptability of the humanoid robot-assisted test plan in 
addressing the unique needs of Level 1 children with autism in various contexts. The diverse 
sample also offered the opportunity to identify any potential barriers or challenges that may arise 
during the implementation of the test plan, providing valuable insights for its further refinement 
and optimization. 

 

 
Fig. 3. Pilot test 1 at autism learning laboratory UKM 
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3.2 Pilot Test 2 (Sekolah Kebangsaan Bukit Beruang) 
 
The pilot test at Sekolah Kebangsaan Bukit Beruang is a modification from Pilot Study 1. The 

improvements made from Pilot Study 1 have been implemented in Pilot Study 2. The result from Pilot 
Study 2 shows major improvement in terms of content and communication between students and 
robot NAO. The experiment was conducted with the help of three special needs teachers from the 
school. Five children (four male and one female) were involved in this testing. All five children fulfil 
the criteria for the experiment.  This pilot testing procedure aims to assess the impact of using the 
NAO robot on enhancing cognitive skills and learning in children with autism. 
 

 
Fig. 4. Pilot test 2 at Primary School Melaka 

 
3.3 Test Plan Design 

 
Before the experiment begins, the teacher briefs the children with autism about the NAO robot. 

It is to give the children an overview of the robot. The next step is a briefing session about the 
experiments to the special needs teachers. The teachers observe the demonstration, and practice 
according to the demonstration recording.  

At first, the student will observe the teachers interact with the robot by answering the robot's 
yes or no questions. Then, a comprehensive test plan that integrated various activities to promote 
engagement and number recognition skills among the participants is designed. The activities include 
interactive elements such as dancing and singing, focusing on enjoyable and familiar songs like "If 
You're Happy and You Know It, Clap Your Hands," as the special needs teachers recommended. These 
interactive components are intended to foster a positive learning environment and enhance the 
children's motivation during the sessions. 
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In order to determine whether the test plan is effective, researchers conduct post-test 
assessments. After the singing activity, the children must learn the numbers with the NAO robot. 
There are three activities in learning numbers:  

 
i. learning numbers from 1 to 10 

ii. matching the numbers 
iii. sorting the numbers. 

 
At the end of the lesson, researchers conduct a pre-test assessment to establish the 

participants' baseline number recognition skills [19]. The evaluation was given to test the 
effectiveness of the activities. Implementation of the test plan is suitable in a controlled 
environment, such as a special education classroom or therapy centre. Figure 3 shows the flow 
of the test plan after pilot testing for the next experiment. 

 
3.4 Procedure 

 
i. Implement the test plan in a controlled environment, such as a special education 

classroom or therapy centre. 
ii. Pre-test assessments should be conducted to establish the participants' baseline number 

recognition skills [19]. 
iii. Deliver the test plan using the humanoid robot over a specified period (e.g., 8-12 weeks) 

Conduct post-test assessments to evaluate the effectiveness of the test plan. 
iv. Procedure: The test plan, consisting of various number recognition activities, was 

administered over a specified period (e.g., 4 weeks). The humanoid robot, programmed 
to deliver the activities effectively, interacted with the children individually in a controlled 
environment. 

 
3.5 Activities during the experiment: Mathematics for Fun: Duration (1 Hour 5 Minutes – 2 Weeks) 

 
Utilise the humanoid robot for specifically designed activities related to cognitive ability and 

social behaviour [15]. Learn numbers from 0 to 10. This package includes teaching-learning 
activities, a robot to assist the teacher, and exercise material to test the understanding of children 
learning with autism. Activities refer to the Textbook for Level 1 Special Needs education. 

 The objectives of activities are as follow: 
 

i. To enhance the ability to make decisions and solve problems. 
ii. To pronounce and count numbers using fingers and tools. 

iii. To recognize numbers 0 to 10. 
iv. Students are able to match the number. 
v. Students can sort numbers (increasing/decreasing). 

vi. Measure the student’s performance by:  

• Learning effectiveness 

• Attention. 
vii. Learning effectiveness is measured based on the result of the pre-test and post-test for 

cognitive purposes. 
viii. Attention - Measure of Attention by using involvement in the teaching process (ITP) [20] 

based on: 
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• Difficulty in paying attention (PA) 

• The inability to sit (ITS) 

• Difficulty in following instructions (FI). 
 

 
Fig. 3. Flow of the test plan 

 
 
 
 
 

Start 

Student and teacher enter the room 

Teacher interacts with 

robot 

Student interacts with 

robot 

Continue 

with 

Dance and sing with robot 

Evaluate the session by 

expert 

End 

TRUE 

FALSE 

Social story 

 
Continue learning 

Numbers with a robot? 
 

Assessment 

FALSE 

TRUE 
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3.6 Data Collection and Analysis 
 
For quantitative data, data are collected through pre-test and post-test assessment scores to 

measure improvements in number recognition skills. Analysis of the data can then be done using 
statistical tests (e.g., paired t-tests or Wilcoxon signed-rank tests) [21]. 

For qualitative data, the researchers conduct semi-structured interviews with teachers, and 
therapists to gather their insights on the participants' progress, the test plan's effectiveness, and 
the overall experience with the humanoid robot [22]. Qualitative data can be analysed using 
thematic analysis to identify key themes and patterns. 

Both quantitative and qualitative data were collected to assess the interaction and 
engagement between the student and the robot. Video recordings of the sessions were analysed 
to observe the children's behaviour and engagement during the activities. In addition, semi-
structured interviews with the children's teachers, and therapists were conducted to gain their 
perspectives on the intervention. 

The pilot test provided valuable insights into the effectiveness of the robot-assisted test plan. 
The children demonstrated increased engagement and motivation during the learning activities, 
which could be attributed to the interactive and supportive nature of the humanoid robot. 
Furthermore, the personalized approach employed by the robot allowed for individualized 
learning experiences, catering to each child's specific needs. 

 
4. Findings and Discussion 

 
The primary objective of this study is to develop a viable test plan for future studies specifically 

for evaluating the effectiveness of the humanoid robot-assisted in improving number recognition 
skills among Level 1 children with autism.  
 
4.1 Pilot Test 1  

 
To summarize the findings, the girls demonstrated a high level of responsiveness and were 

able to follow the instructions provided by the humanoid robot during the learning activities. 
Their engagement with the tasks indicated that the robot-assisted test plan's interactive and 
supportive nature effectively maintained their interest and motivation throughout the sessions. 
The boys exhibited a slower response to the instructions provided by the humanoid robot. The 
learning activities and instructions took them (the boys) approximately one hour to complete. 
This observation highlights the importance of adapting the test plan to accommodate each child's 
individual needs and pace, ensuring that they can benefit from the intervention at their comfort 
level. 

 
4.2 Pilot Test 2  

 
Specifically, the aim of the Pilot Test 2 is to evaluate whether a humanoid robot-assisted test plan 

will enhance number recognition skills among Level 1 children with autism. The results of the pilot 
test provided additional insights into the children's ability to follow instructions and engage with the 
learning activities. The results demonstrate the potential of a humanoid robot-assisted test plan in 
enhancing number recognition skills among Level 1 children with autism. However, these findings 
also underscore the need for a personalized approach that caters to each child's unique learning 
styles and preferences, ensuring an optimal and supportive learning experience. Implications for the 
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final test plan: the test plan was refined to ensure optimal delivery and effectiveness. Feedback from 
the stakeholders highlighted areas for improvement, such as the need for additional reinforcement 
learning strategies and more varied activities to maintain the children's interest. 

From the findings above, here are the suggestions for further improvement: 
 

i. Set up an introduction before the lesson starts. Introduce the humanoid robot using both 
photos and videos to make students aware and familiar with the robot. 

ii. Introduce the humanoid robot, but the teacher should slowly reveal the robot to the 
student, covering it with a black curtain, and let the student interact with the robot. 

 
Acknowledgement 
This study is supported by Malaysia Research University Network (MRUN): MRUN-RAKAN RU-2019-
003/3 - Digital Aspects of 4IR Cross-Creative Learning Environment for Autism using Robot. In close 
collaboration with the Faculty of Education, Universiti Kebangsaan Malaysia (UKM), this study was 
conducted by the Fakulti Teknologi Maklumat & Komunikasi at Universiti Teknikal Malaysia Melaka 
(UTeM)- (MRUN/2023/FTMK/MR0002). 
 
References 
[1] Reiff, Michael I., and Heidi M. Feldman. "Diagnostic and Statistical Manual of Mental Disorders: the solution or the 

problem?." Journal of Developmental & Behavioral Pediatrics 35, no. 1 (2014): 68-70. 
https://doi.org/10.1097/DBP.0000000000000017 

[2] Sarama, J. "Early childhood mathematics education research: Learning trajectories for young children." (2009). 
https://doi.org/10.4324/9780203883785 

[3] Begum, Momotaz, Richard W. Serna, and Holly A. Yanco. "Are robots ready to deliver autism interventions? A 
comprehensive review." International Journal of Social Robotics 8 (2016): 157-181. 
https://doi.org/10.1007/s12369-016-0346-y 

[4] Cabibihan, John-John, Hifza Javed, Marcelo Ang, and Sharifah Mariam Aljunied. "Why robots? A survey on the roles 
and benefits of social robots in the therapy of children with autism." International journal of social robotics 5 
(2013): 593-618. https://doi.org/10.1007/s12369-013-0202-2 

[5] Diehl, Joshua J., Lauren M. Schmitt, Michael Villano, and Charles R. Crowell. "The clinical use of robots for individuals 
with autism spectrum disorders: A critical review." Research in autism spectrum disorders 6, no. 1 (2012): 249-262. 
https://doi.org/10.1016/j.rasd.2011.05.006 

[6] Pennisi, Paola, Alessandro Tonacci, Gennaro Tartarisco, Lucia Billeci, Liliana Ruta, Sebastiano Gangemi, and 
Giovanni Pioggia. "Autism and social robotics: A systematic review." Autism Research 9, no. 2 (2016): 165-183. 
https://doi.org/10.1002/aur.1527 

[7] Scassellati, Brian, Henny Admoni, and Maja Matarić. "Robots for use in autism research." Annual review of 
biomedical engineering 14, no. 1 (2012): 275-294. https://doi.org/10.1146/annurev-bioeng-071811-150036 

[8] Pitsch, Karola, Raphaela Gehle, Timo Dankert, and Sebastian Wrede. "Interactional dynamics in user groups: 
answering a robot's question in adult-child constellations." In Proceedings of the 5th International Conference on 
Human Agent Interaction, pp. 393-397. 2017. https://doi.org/10.1145/3125739.3132604 

[9] Alhaddad, Ahmad Yaser, Hifza Javed, Olcay Connor, Bilikis Banire, Dena Al Thani, and John-John Cabibihan. "Robotic 
trains as an educational and therapeutic tool for autism spectrum disorder intervention." In Robotics in Education: 
Methods and Applications for Teaching and Learning, pp. 249-262. Springer International Publishing, 2019. 
https://doi.org/10.1007/978-3-319-97085-1_25 

[10] Wainer, Joshua, Kerstin Dautenhahn, Ben Robins, and Farshid Amirabdollahian. "A pilot study with a novel setup 
for collaborative play of the humanoid robot KASPAR with children with autism." International journal of social 
robotics 6 (2014): 45-65. https://doi.org/10.1007/s12369-013-0195-x 

[11] Tapus, Adriana, Andreea Peca, Amir Aly, Cristina Pop, Lavinia Jisa, Sebastian Pintea, Alina S. Rusu, and Daniel O. 
David. "Children with autism social engagement in interaction with Nao, an imitative robot: A series of single case 
experiments." Interaction studies 13, no. 3 (2012): 315-347. https://doi.org/10.1075/is.13.3.01tap 

[12] Qidwai, Uvais, Saad Bin Abul Kashem, and Olcay Conor. "Humanoid robot as a teacher’s assistant: helping children 
with autism to learn social and academic skills." Journal of Intelligent & Robotic Systems 98, no. 3 (2020): 759-770. 
https://doi.org/10.1007/s10846-019-01075-1 

https://doi.org/10.1097/DBP.0000000000000017
https://doi.org/10.4324/9780203883785
https://doi.org/10.1007/s12369-016-0346-y
https://doi.org/10.1007/s12369-013-0202-2
https://doi.org/10.1016/j.rasd.2011.05.006
https://doi.org/10.1002/aur.1527
https://doi.org/10.1146/annurev-bioeng-071811-150036
https://doi.org/10.1145/3125739.3132604
https://doi.org/10.1007/978-3-319-97085-1_25
https://doi.org/10.1007/s12369-013-0195-x
https://doi.org/10.1075/is.13.3.01tap
https://doi.org/10.1007/s10846-019-01075-1


Journal of Advanced Research in Applied Sciences and Engineering Technology 

Volume 55, Issue 2 (2026) 314-328 

328 
 

[13] Liu, Xiongyi, Qing Wu, Wenbing Zhao, and Xiong Luo. "Technology-facilitated diagnosis and treatment of individuals 
with autism spectrum disorder: An engineering perspective." Applied Sciences 7, no. 10 (2017): 1051. 
https://doi.org/10.3390/app7101051 

[14] Aresti-Bartolome, Nuria, and Begonya Garcia-Zapirain. "Cognitive rehabilitation system for children with autism 
spectrum disorder using serious games: A pilot study." Bio-medical materials and engineering 26, no. s1 (2015): 
S811-S824. https://doi.org/10.3233/BME-151373 

[15] Arshad, Noreen Izza, Ahmad Sobri Hashim, Mazeyanti Mohd Ariffin, Nurshazlyn Mohd Aszemi, Hui Min Low, and 
Azah Anir Norman. "Robots as assistive technology tools to enhance cognitive abilities and foster valuable learning 
experiences among young children with autism spectrum disorder." Ieee Access 8 (2020): 116279-116291. 
https://doi.org/10.1109/ACCESS.2020.3001629 

[16] Saleh, Mohammed A., Fazah Akhtar Hanapiah, and Habibah Hashim. "Robot applications for autism: a 
comprehensive review." Disability and Rehabilitation: Assistive Technology 16, no. 6 (2021): 580-602. 
https://doi.org/10.1080/17483107.2019.1685016 

[17] Abdullah, Azimah. "Kemahiran Kognitif Dan Sosial Kanak-Kanak Autisme Dalam Permainan Numerasi." Penang: 
University of Science Malaysia (2017). 

[18] Arshad, Noreen Izza, Nazeffa Syaza Binti Suhaimy, Siti Nor Hannan Mohamad, Mazlina Mehat Johari, Norshuhani 
Zamin, Mazeyanti M. Ariffin, and Ahmad Sobri. "Analyzing the effectiveness of robotic intervention among autism 
children in learning mathematics." In Proc. Special Educ. Int. Conf. 2019. 

[19] Mazzocco, Michèle MM, and Richard E. Thompson. "Kindergarten predictors of math learning disability." Learning 
Disabilities Research & Practice 20, no. 3 (2005): 142-155. https://doi.org/10.1111/j.1540-5826.2005.00129.x 

[20] Fachantidis, Nikolaos, Christine K. Syriopoulou-Delli, and Maria Zygopoulou. "Τhe effectiveness of socially assistive 
robotics in children with autism spectrum disorder." International journal of developmental disabilities 66, no. 2 
(2020): 113-121. https://doi.org/10.1080/20473869.2018.1495391 

[21] Paul, Nabanita, Siddharth Ramesh, Chiranjib Bhattacharya, Jayashree Ramesh, and Priya Vijayan. "Can Non-
Humanoid Social Robots Reduce Workload of Special Educators: An Online and In-Premises Field Study." In 2021 
IEEE International Conference on Robotics and Automation (ICRA), pp. 11386-11392. IEEE, 2021. 
https://doi.org/10.1109/ICRA48506.2021.9561633 

[22] Braun, Virginia, and Victoria Clarke. "Using thematic analysis in psychology." Qualitative research in psychology 3, 
no. 2 (2006): 77-101. https://doi.org/10.1191/1478088706qp063oa 

[23] Karunarathne, Deneth, Yoichi Morales, Tatsuya Nomura, Takayuki Kanda, and Hiroshi Ishiguro. "Will older adults 
accept a humanoid robot as a walking partner?." International Journal of Social Robotics 11 (2019): 343-358. 
https://doi.org/10.1007/s12369-018-0503-6 

[24] Ahijado, Sonsoles Ramos, and Ana María Botella Nicolás. "Educación musical y robótica en Enseñanza 
Secundaria." De la innovación a la investigación en las aulas: modelos y experiencias en el máster en profesor de 
educación secundaria obligatoria y bachillerato, formación profesional y enseñanza de idiomas (2019): 253-266. 

[25]  Almeida, Luis, Paulo Menezes, and Jorge Dias. "Telepresence social robotics towards co-presence: A 
review." Applied Sciences 12, no. 11 (2022): 5557. https://doi.org/10.3390/app12115557 

[26] Creswell, John W., and Cheryl N. Poth. Qualitative inquiry and research design: Choosing among five approaches. 
Sage publications, 2016. 

https://doi.org/10.3390/app7101051
https://doi.org/10.3233/BME-151373
https://doi.org/10.1109/ACCESS.2020.3001629
https://doi.org/10.1080/17483107.2019.1685016
https://doi.org/10.1111/j.1540-5826.2005.00129.x
https://doi.org/10.1080/20473869.2018.1495391
https://doi.org/10.1109/ICRA48506.2021.9561633
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1007/s12369-018-0503-6
https://doi.org/10.3390/app12115557

