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ABSTRACT

This qualitative study explored the views of teachers and an occupational therapist
about the potential use of humanoid robots as an assistive tool in educating autism
spectrum disorder (ASD) children. Seven participants with extensive experience
handling early intervention programs for ASD children were selected via purposive
sampling. Semi-structured interviews and focus group discussion (FGD) were
applied as data collection method. Data gained were analyzed using thematic
analysis. Four main themes were identified from the study, they are: (1) Teachers’
knowledge about robots, (2) Robots increase children's engagement, (3) Roles of
robots in intervention, and (4) advantages and disadvantages of using robots. All
participants had observed a robot-mediated intervention involving interactions
between ASD children and a humanoid robot. It was observed that most of the
children at the center liked interacting with the robot, suggesting that the use of
robots could benefit ASD children. However, these interactions must be monitored
and limited to a certain period to avoid over-dependence on robot use. This study
provides a novel perspective on robotics and a practical example of how to use
robots to enhance learning outcomes for ASD children.

Keywords: ASD children, emotional regulation, humanoid robot, robot-mediated
intervention, teachers’ view

INTRODUCTION

Emotional regulation (ER) can be defined as the process by which individuals influence which emotions
they have, as well as when and how they experience and express these emotions (Gross, 1998).
Individuals with Autism Spectrum Disorder (ASD) may not be able to use adaptive ER strategies and
instead react impulsively to emotional stimuli with tantrums, aggression, or self-injury (Sofronoff et al.,
2007). ASD is a complex neurodevelopmental condition that is not a learning disability. It can, however,
impair learning because most ASD children find it difficult to comprehend abstract concepts which
include beliefs, ideas, and other intangible things. The majority of people with autism are concrete
thinkers who tend to take words or phrases literally. ASD is characterized by social communication
deficits as well as restricted and repetitive interests and behaviors with perpetual and sensory processing
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impairments (American Psychiatric Association, 2013). Most of the characteristics exhibited by ASD
individuals are due to their impairment in emotional self-regulation (Mazefsky et al., 2013).

Dysregulation of emotion is not a formal criterion for diagnosing ASD. It has been shown that these
social communication deficiencies are positively related to higher levels of emotional dysregulation in
ASD children (Samson et al., 2016). The development of therapy programs that uses adaptive types of
emotion regulation can minimize emotional problems. Some have argued that, based on previous
research, it is difficult for medications or drugs to reliably treat autism's core social and communicative
disorders (Wink et al., 2010). Therapy programs have shown positive outcomes for ASD children as
early as the infant stage. However, no single measures are available that can treat the heterogeneous
condition or suit every autistic child.

In recent years, organizations and universities worldwide have undertaken robotic research projects
involving clinical studies with ASD children. Robots designed to develop ASD children's social interaction,
imitation, and attention skills, have demonstrated some promising outcomes (Chevalier et al., 2017).
Most research focuses on the recognition of emotion in others. Therefore, a broader approach that
includes emotional reactivity and regulation is needed (Mazefsky, 2015).

Meanwhile. the National Autism Society of Malaysia (NASOM) reported that more Malaysian children are
diagnosed with ASD every year and existing, affordable intervention centers are now overutilized
(Murad, 2019). New government intervention centers are needed because private centers are very
costly for parents earning low to lower-middle-income. The National Early Childhood Intervention
Council (NECIC) have also warned that there is a shortage of well-trained staff for early intervention
programs (NST Letters, 2019).

In Malaysia, several studies on humanoid robot-based intervention programs for ASD children have
been conducted (e.g., Ismail et al., 2012; Shamsuddin et al. 2013; Shamsuddin et al., 2015). Amin et
al. (2018) compared the teaching and learning method using robots with the conventional method and
found that using a robot increases attentiveness and reduces loss of focus. However, these studies were
unclear on what is needed to work towards using robots for ASD children's education. Limited study has
explored the views of Malaysian teachers or professionals on the use of robots in autistic learning. The
teachers’ views as key decision-makers are important for the adoption of new technologies robot-based
programs require an in-depth understanding of how to integrate robots into the teaching and learning
process (Alcorn et al., 2019). The present study explored the potential use of humanoid robots in autism
intervention programs, especially for teaching emotional regulation skills. Thus, its aim is to explore
teachers’ perspectives on the applications of humanoid robots as a tool for teaching ASD children
particularly to regulate their emotions.

LITERATURE REVIEW

Technologies such as artificial intelligence (AI) have been used to help ASD children become
independent in their daily life. The Cambridge Dictionary defines Al as “the study of how to produce
computers that have some of the qualities of the human mind, such as the ability to understand
language, recognize pictures, solve problems, and learn.” Although there are many forms of Al,
humanoid robots are found to have a substantial impact on children because of their human-like
appearance (Alcorn et al., 2019). In developed countries, the use of robots in behavioral and learning-
related therapies for ASD children has shown great improvements. Robot-assisted autism therapy (RAT)
has steadily gained popularity due to the robots’ usefulness in facilitating social contact and joint
activities for ASD children. Researchers and clinicians have introduced robot models with a wide range
of appearances, features and capabilities, aided by experts from engineering, clinical psychology, and
other fields. The robots’ appearance, particularly certain types, was also found to significantly influence
the clinical benefits (Sartorato et al., 2017).

Previous studies on ASD children’s interaction with robots have mostly been based in laboratory settings
(e.g., Salvador et al., 2015; Yun et al., 2016). Placing robots from the laboratory into the classroom is
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not a straightforward process (Diehl et al., 2012; Huijinen et al., 2016). Studies that explore the teachers
and professionals’ views on using robots in education were mostly conducted within regular educational
settings (Fridin & Belokopytov, 2014; Kennedy et al., 2016), and very few were done within the special
education setting. Alcorn et al. (2019) concluded that educators’ interviews provide a valuable starting
point for understanding how robots might be integrated into existing practices. Some teachers consider
sustained engagement as a key indicator of success for many special educational needs students
(Hughes-Roberts et al., 2019). Several other studies have highlighted how the robots’ predictability and
consistency benefit autistic learners (e.g., Rudovic et al. 2017; van Straten et al., 2018), which are
based on the theories of autistic perception and information processing (e.g., Pellicano & Burr, 2012;
Lawson et al., 2014). Thus, this study aims to investigate the perspectives of Malaysian teachers on
robot-mediated intervention for training emotional regulation in ASD children.

METHODOLOGY

Research Design

This study utilized a qualitative case study design to investigate the perspectives of teachers and an
occupational therapist regarding the use of robots as a teaching tool for ASD children. The qualitative
research method was chosen due to its ability to generate detailed and reliable data based on participant
perspectives and interpretations. Moreover, this approach allows in-depth, multi-faceted explorations of
complex issues in real-life settings (Atkins & Wallace, 2012; Crowe et al., 2011). The study aligns with
an intrinsic case study design, which focuses on gaining an in-depth understanding of a particular case,
in this instance, the use of robots as a teaching tool for ASD children. The study's boundary involved
the teachers and occupational therapist involved in utilizing robots for teaching ASD children, exploring
their perspectives within the real-life context of an educational setting.

Selection of Participants

This study was conducted at an early intervention centre located in the Klang Valley, Malaysia. The
centre provides early intervention care and education for ASD children from ages three to nine years
old. Six teachers and one occupational therapist were selected to participate in the study. Purposive
sampling method was applied in selecting the participants as it focuses on specific characteristics of a
population that are of interest, enabling researchers to obtain rich data (Tongco, 2007). The participants
in this study have vast experience working with ASD children. They have witnessed two types of
humanoid robots, in teaching ASD children, one that is fitted with lights and the second one that has a
tablet as a face.

Instrumentation

This study employed a semi-structured interview format as the primary instrument for data collection.
The interview protocol, meticulously validated by a team of five researchers, was specifically tailored to
focus on exploring teachers’ view on the practical applications of robots as a teaching tool for children
with ASD. The semi-structured nature of the interviews aligns with the principles endorsed by Teherani
et al. (2015), aiming to capture not only a broad spectrum of information but also nuanced insights. By
adhering to a semi-structured format, participants were afforded the flexibility to express their
perspectives in-depth, a deliberate strategy supporting the recommendations of Sutton & Austin (2015).
This approach was designed to foster a more profound understanding of the diverse experiences and
interpretations surrounding the integration of robots in the teaching process for ASD children. The main
interview questions guiding this exploration are detailed below:

Table 1
List of Interview Questions
Interview Questions

1. What are the teachers’ roles at the centre?

2. What is the current intervention program used at the centre?

3. What is the type of teachers’ knowledge in relation to humanoid robots?

4. What is the teachers’ opinion regarding integrating humanoid robots into autism intervention
program, especially for regulating emotion?
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Data Collection Procedures

A permission letter to conduct research was sent to the principal of the early intervention centre. After
getting permission, a one-to-one interview with the principal and a focused group discussion (FGD)
involving diverse participants, including five teachers and an occupational therapist, were conducted to
gather data. A wide range of knowledge and points of view were gathered for the study during the one-
on-one interview and focus group discussions, which each lasted for about an hour. This allowed for
the triangulation of informants, which increased the validity and reliability of the data. The interview
focused on the teachers' views on the possible use of robots for autistic learning. Each participant was
given an informed consent form before the beginning of the interviews.

Data Analysis

Thematic analysis was performed on the verbatim transcription of the interview according to the
following steps: familiarization of data; coding, generating themes, reviewing themes, defining the
themes, and writing up (Braun & Clarke, 2006). This approach allows for an in-depth investigation of
the diverse opinions held by participants. According to Braun and Clarke (2006), thematic analysis is a
useful technique for examining the perspectives of various research participants, highlighting similarities
and differences, and generating unanticipated findings.

FINDINGS

Analysis of the interview revealed four major themes related to teachers’ views on using a robot to train
emotional regulation among ASD children at an early intervention center. Table 2 shows the major
themes and subthemes. The following discussion includes quotes that were coded according to the
participant and the corresponding discourse unit. For example, (B7/DU82) refers to a quote from
participant 7 and discourse unit number 82 from the transcript.

Table 2
List of Themes and Sub-Themes Generated from The Study
Research Objective Themes Sub-Themes
To explore teachers’ Theme 1: Teachers have
perspectives on the knowledge about robot
applications of humanoid Theme 2: Robot increases e Increase children’s interest to
robots as a tool for children’s engagement learn
teaching ASD children e  Attract Attention, Increase
particularly to regulate Gaze-Time and Maintain
their emotions. Engagement
Theme 3: Role of robots in e  Develop Social Skills
intervention e Increase motivation to learn
Theme 4: Advantages and e Robots are less complex and
disadvantages of using robot more predictable

e Become too obsessed to Robots
e Robots cannot replace
therapist

Theme 1: Teachers’ Knowledge About Robots

This theme implies that teachers have a level of understanding about humanoid robots. This
understanding may encompass familiarity with the technology, knowledge of how robots’ function, or a
basic awareness of the potential applications of robots within an educational setting. All educators,
including the therapist, have witnessed the utilization of robots in training ASD children and unanimously
reported that most of the ASD children at their center express a liking for the robots:

“Previously there were university students who did research using robots to teach ASD children at our

center...the results show that the children like the robot, they were interested to communicate with the
robot...but some were afraid.”" (B7/DU82)
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In the beginning, when the children were first introduced to the robot, they initially felt fear. However,
with subsequent interactions, there was a noticeable positive change in the children's emotions:

“The first time, children were afraid, the second time they were OK...” (B5/DU90).

This shift in emotional response may be linked to the growing familiarity with the robot, as repeated
exposure likely contributed to a deeper understanding and acceptance among the children.

Theme 2: Robot Increases Children’s Engagement

The participants observed a positive impact on the ASD children at their center. The children, who often
encounter challenges in social interactions, demonstrated an interest in communicating with the robots.
This increased interest, in turn, led to greater attentiveness and focus among the children:

“We noticed that the children were interested, they like to communicate with the robot maybe because
robots don't have reaction...they see robots as their friend’ (B7/DU82).

Subthemes 2A: Increase Children’s Interest to Learn

According to the participants, the robot is viewed as a valuable therapeutic tool in teaching ASD children.
The participants noted that the children derived enjoyment from the images and slideshows displayed
on the robot's tablet face:

"...one of the robots had lights. The other robot had a tab fixed on it, there were pictures on it, so the
children liked the robot with pictures. The tab was on its face..." (B5/DU84)

B7 reinforces the idea that including visual elements contributes to the increased enjoyment and
engagement of ASD children with the robot:

“Children will enjoy if pictures, social stories and slideshow are shown on the tab’ (B7/DU86)

Subthemes 2B: Attract Attention, Increase Gaze-Time and Maintain Engagement

The participants also discussed a common issue faced by children with ASD: difficulties in specific social
behaviors such as eye-to-eye contact and facial expressions, which can negatively impact their
engagement. In response to this challenge, the interaction between children and robots is considered
a promising tool that could effectively address and enhance the development of social skills in these
children.

“The child was able to be more attentive because he/she was attracted to the robot” (B1/DU104)
Participant B5 further emphasizes this idea by stating:

“His/her focus, gaze will increase’ (B5/DU108)

Theme 3: Roles of Robots in Autism Intervention

The participants note that the incorporation of robots results in increased student participation and
attention. This, in turn, contributes to a more effective learning process for developing both social and
academic skills among individuals with ASD.

Subthemes 3A: Develop Social Skills

The integration of robots into autism intervention programs inspired children to develop and apply social

skills:

“With things that are unable to communicate, the ASD children themselves will initiate the conversation”
(B3/DU106)
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Additionally, B6 highlighted that:

“...Robots can facilitate numerous interaction goals, such as capturing and maintaining attention,
evoking joint attention, eliciting imitation, and mediating turn-taking' (B6/DU108)

Subthemes 3B: Increase Motivation to Learn

Children seemed more at ease when engaging with robots, potentially positively influencing their
learning experience. Nonetheless, participants expressed concern that ASD children might develop a
preference for robots over human interaction:

“Children will be more motivated to learn or communicate with the robot” (B6/DU108).

Theme 4: Advantages and Disadvantages of Using Robots

The consensus among participants is that robots are most effective when employed as supportive tools
in classrooms. This view was supported by the notion that robots should function as supplementary
resources under professional guidance, aligning with the idea that they can be beneficial but should be
carefully managed. Additionally, participants acknowledged that while robots hold an appeal for ASD
children, a potential drawback could be the children developing excessive attachment and reluctance to
separate from the robot.

Subthemes 4A: Robots are less complex and more predictable
Teachers noted that interacting with robots is less intricate compared to human interaction:

“The robot gives no false hope because it is emotionless. Robots are predictable but when the children
socialize with people, they have to face varieties of emotions, so I am afraid that they might be
comfortable with robots” (B7/DU108)

It's crucial to acknowledge the limitations in ASD children's interactions with robots to avoid a preference
for robotic interactions over human connections:

“The disadvantages are the ASD children may get too obsessed and difficult to detach and they might
throw tantrums” (B1/DU106)

In addition, B6 added that:

“...the disadvantage is maybe the ASD child become too obsessed with the robot, and he/she refuses
to socialize with people...refuses to make friends or play with other children” (B6/DU108)

Subthemes 4B: Become Too Obsessed to Robot

Participants expressed concerns about prolonged interaction with robots leading to children becoming
overly attached and potentially rejecting other intervention techniques. For example, B8 emphasized
that:

“The interaction with robots must not be prolonged, the children will become obsessed with the robot
which might cause them to reject other techniques... too much exposure leads to infatuation”
(B7/DU118)

Moreover, participants highlighted the importance of generalizing learned skills beyond robot
interactions to real-life situations:

“The learning method for the ASD children must be generalized, they should be able to adapt to all,
cannot be too dependent on robots" (B1/DU120)
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Subthemes 4C: Robot Cannot Replace the Therapist
Participants contested the idea that robots could replace the role of a therapist and emphasized the
need for a therapist's support in conjunction with robot-assisted teaching:

“Can be used as a teaching aid but still need the therapist’s support.... robot cannot replace the therapist
because need a teacher’s escort” (B7/DU130)

Furthermore, B1 emphasized the necessity of producing more therapists, asserting that robots have
limitations:

“(We) have to produce more therapists instead of robots. Robots have limitations” (B1/DU134)

In addition, participants stressed the importance of supervision, cautioning against leaving ASD children
alone with robots without teacher or therapist monitoring:

“ Teachers must supervise, if the child is left with the robot unsupervised, the child might mishandle the
robot......might lead to other problems” (B3/DU140)

DISCUSSION

The findings offer insights into the use of humanoid robots as an assistive tool in early intervention
programs. During the interview, the participants openly shared their ideas on how humanoid robots
should be used in autism education at their center as an assistive tool. Many of the views shared by
these participants are consistent with the findings from the UK’s special education sector (Alcorn et al.,
2019). The participants also stated the advantages and disadvantages of using humanoid robots. They
argued that robots can help ASD children become more focused and maintain a longer attention span,
which is an important aspect of their learning process. This recommendation is consistent with the work
of (Huijnen et al., 2016). However, despite the robots' promising efficacy, too much emphasis on short-
term learning objectives can interfere with children's capability to generalize the skills they have learned.
Therefore, the use of robots in ASD intervention programs must be carefully planned to address its
potential long-term implications. Begum, Serna and Yanco (2016) proposed a roadmap for the
establishment of robotic-mediated interventions using evidence-based practice (EBP), which is a
benchmark in ASD interventions.

Impact of Robots on The Outcome of An Intervention Program

The participants in this study have touched upon the robot’s appearance or features. The children were
especially attracted to the robot with a tablet face. Many autism-related studies have experimented with
many types of robots, including human-like, animal-like, mascot-style, and mechanical-type robots
(Arshad et al., 2020), each with its strengths and weaknesses. In particular, human-like robots have
been shown to increase levels of interest and happiness among ASD children during trials (van Straten
et al., 2018). Humanoid robots provide a human-like appearance, accomplish more complicated social
communication tasks than non-humanoid robots (Feng, 2014), and are capable of teaching social skills
to ASD children (Barakova et al., 2015).

Facilitate ASD Children in Their Learning Process

The teachers observed that ASD children tended to initiate communication with the robot. They were
motivated to interact with it since the robot is colorful and attractive. =~ Chung (2019) found that a
robotic intervention program can substantially improve ASD children’s eye contact (both frequency and
duration) and verbal initiation. Some robots have been designed to improve social interaction, imitation,
and joint attention skills in ASD children, with some promising outcomes including increased attention
span and increased number of smiles (Chevalier et al., 2017). It is easier for ASD children to interact
with robots than with people because robots are more predictable, have fewer states, and smaller range
of behaviors (Broadbent, 2017). ASD children should learn about social cues through interactions with
robots and then apply that knowledge in their interactions with people.
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Robots Can Be Used as An Assistive Tool

The teachers and the therapist suggested that robots should only be used as an assistive tool because
of their limitations. For instance, robots are unable to replace the human touch of a therapist or a
teacher. Furthermore, ASD children-robot interactions must be monitored because the children might
mishandle or break the robots. Earlier, Amin et al. (2018) reported an increase in attention and a
decrease in focus inability among special needs children when a robot was used. Arshad et al. (2020)
argued that a robot is not intended to replace human teachers in classrooms. In the current situation,
robots can help and support ASD students while allowing teachers to spend more time providing detailed
care and empathic treatment.

Generalization Of the Skills into The Natural Environment

Humanoid robots can help ASD students acquire generalizability (Alcorn et al., 2019). Generalization is
the ability to transfer skills that a student has learned in new and different environments. ASD children
tend to have difficulty with generalization. Previous studies have shown that ASD children find it difficult
to transfer the skills they have learned from robots in a laboratory into their classroom (Diehl et al.,
2012; Huijinen et al., 2016). The participants were concerned that the children might get emotionally
attached to or dependent on robots. They also believed that ASD children must be able to generalize
the skills they have learned.

Limitations of the Study

This study has few limitations. The findings did not represent the views of all teachers and therapists in
Malaysia. The second limitation is the focus on using humanoid robots. The participants might have
offered different views if non-humanoid robots such as animal-like or cartoon-like robots were used. In
addition, the study was conducted during the Covid-19 pandemic in 2020. Therefore, the data collection
process was significantly hampered by government lockdowns, movement control orders (MCOs), social
isolation, and work-from-home restrictions imposed to stop the spread of COVID-19 virus.

Recommendations for Future Research

Considerable views have been gathered in this study, however the findings in this study should be
interpreted cautiously because of the small sample size. Therefore, larger sample sizes should be used
in future research since they will be more representative of the population and thus produce results that
are more accurate.

CONCLUSION

The participants see robots as a potential assistive tool for autism education. Their views provide insights
valuable for robotic researchers to plan and develop robotic systems or programs that address the needs
of ASD education. With the current shortage of therapists, robots can be a useful inclusion. In terms of
costs, robots might be the cheaper alternative, which could make intervention programs more
affordable. This study provided a novel perspective on robotics and a practical example of how to use
robots to enhance learning outcomes for ASD children.
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