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ABSTRACT This study examines the efficacy of robots as assistive technology (AT) learning tools for
children with autism spectrum disorder (ASD). The study attempts to find answers to whether robots
as assistive tools can (i) profoundly improve achievement in learning and (ii) provide valuable learning
experiences among this group of children. Using LEGOMindstorms EV3, a robot was built and programmed
to teach the basic concept of place value in mathematics. Eight children with ASD, specifically, four females
and four males, participated in the single case study, and six special education teachers took part in the
interviews. The children participated in both traditional and robotic intervention lessons and were assessed
at the end of each session. The results indicate a positive increase in content knowledge and an improved
disposition toward learning, thus demonstrating the potential utilization of robots as AT tools for harnessing
classroom learning. Data from the interviews with teachers highlighted four valuable learning experiences
that occurred in the classrooms as a result of the robotic interventions; namely, with respect to young children
with ASD, the AT (1) promoted interest and engagement, (2) increased attention and focus, (3) triggered
interactions and communication, and (4) created a happy and fun learning environment.

INDEX TERMS Autism spectrum disorder (ASD), assistive technology (AT), cognitive abilities, LEGO
Mindstorms EV3, learning experience, robot.

I. INTRODUCTION
Autism spectrum disorder (ASD) is a neuro-developmental
condition that causes atypical social communication and
behavior patterns in young children. Today, as many as 1 in
160 children globally are affected by this condition [1]. Many
studies have concluded that children with ASD face increased
challenges in keeping pace with their typically developing
peers [2]–[5]. Accordingly, if these children are not provided
with some type of intervention and the right scaffolding,
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the results can have a detrimental effect on their knowledge
and skill development [6].

Previous studies have indicated that the introduction
of assistive technology (AT) is beneficial in many ways
[7]–[13]. The provision of the right AT is crucial for scaffold-
ing ASD and providing the students with tools that enhance
learning [14]. Various types of AT, such as special input
devices, avatars, tablets, serious games, virtual environments
and robots, are suggested for people with ASD depending on
their specific disorder [12], [13].

Recently, there has been positive trend in terms of
an increase in research conducted to investigate the
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potential use of robots as AT for children with ASD [3],
[9], [12], [15]–[17]. Based on this research, there is evidence
supporting the successful application of robots as AT in
many areas that include developments in social sciences [18],
[19], communications [20] and education [21]. However, the
empirical evidence on how robots as AT tools accommo-
date the learning of children with ASD is still scarce [12],
[14], [17], [22]. Hence, it is crucial for research studies to
concentrate on presenting evidence that AT is efficacious in
special education and inclusive schools [10], [11], [23], [24].
For example, there should be evidence showcasing ways AT
facilitates tough or challenging learning tasks that previously
seemed impossible for children with ASD to comprehend [7].
Accordingly, we intend to contribute to increasing awareness
of and insight into how robots as AT tools can assist learn-
ing and bring valuable experience to children with ASD in
classrooms.

This study has chosen a topic in mathematics, specifically,
‘place values’. Based on the Malaysian special education
and inclusive school system, this topic is taught to Year
4 students. Place value is an abstract concept that involves
an understanding of the numbering system. Based on the
preliminary work conducted by [25], many children with
ASDhave difficulty understanding andmemorizing numbers.
For example, they have difficulty placing numbers according
to their place values and tend to invert the numbering places.
For instance, children with ASD often recognize ‘14’ as ‘41,’
which reflects a misconception of basic place values. It is also
difficult for children with ASD to grasp the basic concept that
14 is equal to 10+4 and 41 is equal to 40+1. Children with
ASD are concrete learners, which means they require sensory
experience to support their learning. Hence, the role of AT is
to serve as a supporting tool with a broader range of functions
so that children obtain a richer understanding of the concepts.
Another reason for choosing this topic is that it supports the
curriculum for early childhood autism.

In an effort to investigate the efficacy of robots as AT
tools in the classroom, we developed a robot using LEGO
Mindstorms EV3 and programmed it to teach place values.
LEGO Mindstorms EV3 was selected from among other
diverse models available in the market because of its safe
design and its appropriateness for educational purposes. It is
an assemblage kit that consists of building block pieces and
a programmable control unit that enables the development
of robots with diverse functions. The set is composed of
sensors and accessories, such as gears, belts, shafts, wheels
and connectors, that are useful for building robotic structures
[26]. The sensors include touch, sound, light, infrared, among
others. The central component is the EV3 brick, which is a
computer that works as the robot’s brain by controlling the
sensors, movements, functions and motors [27].

In the current research, a robot known as the PvBOT is built
and programmed to teach children with ASD the concept of
place values, as shown in Fig. 1. The PvBOTmoves from one
number to another and pronounces each number according
to the place values arranged on the activity board, as shown

FIGURE 1. PvBOT - a LEGO Mindstorms EV3 robot for teaching place
values.

FIGURE 2. PvBOT and the activity board used for teaching place values.

in Fig. 2. The process of developing the PvBOT included
assembling and building the structure of the PvBOT and
coding the program to detect arranged numbers and their
place values.

Researchers started investigating the efficacy of robots
in teaching autistic children decades ago [28]. This interest
derives from the characteristics of a robot that promote the
interest of children with ASD, which in turn guides them
to focus on learning [29]–[31]. In this way, robots represent
a concrete scaffold for cognition in learning that includes
improving children’s social skills [29]. The results of previous
studies have indicated that there is high interest in improving
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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 commu-
nicated with each other, thus enhancing their social skills.
Furthermore, robots have been utilized to deliver science,
technology, engineering, and mathematics (STEM) educa-
tion to children with ASD [30]. More specifically, robots
have been beneficial in demonstrating the concepts of force,
motion, direction and distance. In a recent study, LEGO
EV3 Mindstorms was introduced to encourage children with
ASD to be receptive to various sensory experiences [31],
[32]. Overall, the results have shown positive outcomes, with
robots proving to be effective tools capable of sustaining
children’s interest and engagement.

Based on these studies, an emerging and quite unexplored
area with respect to the efficacy of the intervention of robotics
in the teaching and learning of children with ASD should
be investigated. This includes the results of interactions with
robots, e.g., touching, approaching, watching from a dis-
tance, etc. References [33], [34], and whether the use of
robotics has improved the cognitive abilities of children with
ASD. Moreover, research should communicate the valuable
experiences children with ASD garner through robotic inter-
ventions [19], [35], [36]. This includes the experience of
being able to develop complex aspects of social interaction,
such as eye contact, turn-taking, and purposive and imita-
tive actions when learning through the use of AT, especially
robots.

Results from recent studies suggest that robotics have
the potential to become remarkable AT tools in many
ways, including for teaching and learning among children
with ASD. Accordingly, this study investigates and presents
evidence that supports this notion. Consistent with this,
the objectives of this study are to determine whether robots
as AT tools can (i) profoundly increase the cognitive achieve-
ment of children with ASD and (ii) provide children with
ASD valuable classroom learning experiences. Accordingly,
this article addresses the following research questions:

1. Are robots, as AT tools, capable of enriching the
cognitive abilities of children with ASD?

2. In what ways can robots, as AT tools, provide valuable
classroom learning experiences for children with ASD?

II. THEORETICAL RATIONALE
The work of this current study is to highlight the importance
of play in early childhood special education settings. This is
in line with previous studies that posit that for children, play
is correlated with the development of autism in areas such
as cognition, language, and social skills [17]. This group of
children can learn about themselves and their environment
as well as develop cognitive, social, and perceptual skills
through play activities. The potential for cognitive develop-
ment is founded on the development attained when a child
engages in social interactions, and the meanings of concepts
and ideas are learned through informal ways that are more
meaningful and that simply allow learning to happen.

This current study adopts thework of [19] as the underlying
theoretical lens through which it views robotic interventions
for children with ASD as a tool that allows learning to happen
through play in the following ways:
1. Nonformal therapy and learning: Play scenarios are

based on the concepts of nonformal therapy and learning
methodology where learning emerges from play activities.
Such scenarios offer resources for joyful experiences and
expressive interactions in which the child is empowered to
control feedback stimuli.
2. Integrated activities with motor manipulation: Play in

the scenarios involves the integration of activities with motor
manipulation that allows learning to occur. It is the play
that allows low functioning children with autism to explore
simple motor manipulation. The exploration and experiences
associated with it allow learning to take place.
3. Supporting autism in the early years: Support during

childhood years is crucial for children with ASD. This sup-
port should address various areas of the child’s development
including personal, social, emotional, communication and
language development.
4. Action and reinforcement cycle: Interactions with the

environment provide stimuli in what can be viewed as a
dyadic model. The interaction and stimuli influence and con-
trol the behavior of the child with ASD, a process that helps
enrich the child’s development.

These underlying theoretical perspectives of [19] are
adapted in the robotic intervention work of this current
study. The method employed is elaborated in the next
section.

III. METHODS
A. PARTICIPANTS
The participants in this study are Malaysian students from
a special education integrated school located in Ipoh Perak,
which is north of the peninsula ofMalaysia. The school is one
of the oldest government-funded special education and inclu-
sive schools in Malaysia. Eight participants were selected,
and consent was obtained from their guardians/parents and
the school headmistress. The study was authorized by the
Perak State Special Education Division (PSSED). The par-
ticipants were children who have been diagnosed with ASD
as verified by medical experts and the PSSED authorities
in a clinical setting that is not part of this study. Malaysian
Ministry of Education (MOE) policy states that all students
with ASD are to be diagnosed in a clinical setting by med-
ical experts before entering any special education integrated
schools in Malaysia. Data and profiles for each student are
maintained by the school and the PSSED.

All procedures involving students with ASD participating
in or involved with this research were conducted in accor-
dance with the ethical standards outlined by the education
policy research and development division of the Malaysian
MOE. The ethics policy applicationwas submitted through an
online system, and approval was received from theMalaysian
MOE before the research was conducted. The ethics approval
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was distributed to the participants’ parents/guardians and
teachers and to the school.

The inclusion criteria for participation were as follows:
(1) be a Year 4 student registered in the special education
program and the integrated school system of Malaysia, (2) be
diagnosed with verbal autism, (3) be able to care for oneself
without the need of a carer, (4) have no serious physical
defects, (5) have no unusual behavioral problems such as
hyperactivity (uncontrollable) or violent or severe mental
issues, and (6) have no internal ailments such as chronic
seizures, heart failure, etc. Both males and females were
eligible to participate in the study.

Although the participants were Year 4 students, their
ages varied, ranging from 10 to 13 years. This variation
is because student class placement is in accordance with
the rules of the Malaysian education regulations for spe-
cial education children. More specifically, a student who
has been identified by a medical expert as having a learn-
ing disability will undergo a probationary period of no
more than three months. Within those three months, spe-
cial education teachers are responsible for carrying out
screenings of the child’s learning problems and intellec-
tual functioning. The filtering process is performed using a
guidebook provided by the Special Education Department
of the Malaysian MOE. In the guidebook, there are instru-
ments for the special education placement of students with
learning disabilities based on the assessment of five com-
ponents, namely, the child’s ability to self-manage, behave
appropriately, manipulate objects, communicate effectively
using theMalay language, and perform specificmathematical
tasks. Based on these assessments, the student is then placed
in the appropriate classes in the special education program
of the integrated school and monitored for progression and
development.

B. ROBOTIC PLATFORM AND PROCEDURES
In this study, we created the PvBOT using LEGOMindstorms
EV3 as shown in Fig. 1. The PvBOT is 22.5 cm tall and
17.5 cm wide. It is a mechanoid robot that often attracts chil-
dren’s curiosity. The mechanoid was chosen over humanoid
robots to prevent fear among children with ASD. The PvBOT
makes very little noise, and the utterances it generates are not
distressing to children. It is important to note that the PvBOT
teaches about place values repetitively in the BahasaMalaysia
language. The PvBOT is programmed to perform and teach
mathematical place values as presented in Fig. 3 and as
explained herein

1) THREE-DIGIT PLACE VALUE STEPS (HUNDREDS)
1) The PvBOT begins by moving in a straight line

following the black path.
2) The sensor will detect the first number and its place

value, and the PvBOT utters the number followed by the
place value, ‘‘ones’’.

3) The sensor then detects the second number and its place
value, and the PvBOT utters the number followed by the
place value, ‘‘tens’’.

FIGURE 3. Setup of the PvBOT during the experiment.

4) The sensor then detects the third number and its place
value, and the PvBOT utters the number followed by the
place value, ‘‘hundreds’’.

5) Finally, the PvBOT = utters all the numbers in words
and stops.

2) TWO-DIGIT PLACE VALUE (TENS)
1) Perform steps 1, 2, 3, and 5 from the Three-Digit Place

Value steps.

3) ONE-DIGIT PLACE VALUE (ONES)
1) Perform steps 1, 2, and 5 from the Three-Digit Place

Value steps
Referring to Fig. 3, the PvBOT moves on the activity board
from ‘start’ to ‘stop’ and senses the number placed in each
place value box. Each card has a number written on it. The
child can freely pick, move, and place any cards on the place
value boxes, i.e., ones, tens, and hundreds. Once they click the
start button on the PvBOT, it starts tomove from the one’s box
to the ten’s box and finally to the hundred’s box. The PvBOT
reads the number and the place values. For instance, as shown
in Fig. 3, when a child chooses three cards ‘2,’ ‘8,’ and ‘0’ and
places them in that order on the activity mat, the PvBOT will
say ‘‘0-ones, 8-tens and 2-hundreds.’’ Finally, the PvBOTwill
say, ‘‘two-hundred and eighty.’’ The child can then change
the numbered cards and place them in any of the place value
boxes.

The PvBOT can move in both directions, i.e., ones-tens-
hundreds or hundreds-tens-ones, depending on where it is
initially placed. Referring to Fig. 3, it is suggested that the
PvBOT be placed in the ‘Start’ area to prevent confusion.
A child is expected to focus on the cards and listen to the
uttered numbers and their place values. The total movement
of the PvBOT to complete one activity takes between 8 and
30 seconds. The PvBOT and the activity that comes with it
encourages the children to be active and focused during the
lesson. Each child is given the opportunity to learn from the
PvBOT for 15 minutes with minimal guidance from teachers
while being observed by a researcher who observes the child
in an unobstructed manner and assists when needed.

For this study, two modules were prepared. The learning
outcome of Module 1 is to understand ones and tens place
values. For Module 2, the learning outcome is to understand
the hundreds place value. Both modules are presented in
two different settings: (1) traditional learning environment
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TABLE 1. Children participants.

conducted by a teacher with a whiteboard and markers and
(2) a learning environment with AT using the PvBOT.

In this study, children were divided into two groups,
i.e., Group 1 and Group 2. Each group consisted of four
children, as shown in Table 1. They were then given the
opportunity to experience both traditional learning and learn-
ing from the PvBOT as an AT tool. Group 1 received tradi-
tional learning for Module 1 and training from the PvBOT for
Module 2. Conversely, Group 2 experienced learning from the
PvBOT for Module 1 and traditional learning for Module 2.
Fig. 4 provides an example of how the participants typically
behaved while learning with the PvBOT. All pictures are
published in accordance to the ethical standards outlined by
the education policy research and development division of the
Malaysian MOE.

C. ASSESSMENTS
In collaboration with two special education teachers,
assessment questions were developed for students to answer
after they had undergone the two learning modules. The
assessments were created to measure growth in cognitive
abilities after learning about place values, and the results were
used to compare growth in cognitive abilities after undergoing
traditional learning and learning from the PvBOT as an AT
tool. Two assessments were created. The first assessment

FIGURE 4. Learning with assistive technology, the PvBOT.

FIGURE 5. Template to describe assessment questions after each learning
session.

tested children’s understanding of ones and tens place values,
and the second assessment tested the understanding of the
hundreds place value. Both were individual assessments and
were paper and pencil based. Children sat for the assess-
ment after a 10-minute break following the learning session.
Both groups of children sat for the same assessments, as it
was irrelevant whether the group of children received the
traditional teaching or the PvBOT instruction. The sample
assessment instrument is presented in Fig. 5 and has been
translated from Bahasa Malaysia to the English language.

The assessment was designed purposefully to be simple
in nature. The reason for such a design is threefold:
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(1) to ensure that children with ASD can perform the assess-
ment independently with minimal guidance, (2) to relieve
teachers of the responsibility for refining and/or providing
one-to-one instructions to each student when completing
the test, and (3) to serve an individualized instruction that
matches the IQ level of the selected children. The aim of
the assessment was to have operationally defined variables
that allow direct observation and empirical summary, i.e., the
number of correct answers.

D. DATA COLLECTION AND ANALYSIS
This study employed a single-case research design, which
is considered highly appropriate for special education
research. Two categories of data collection and analyses
were conducted: (i) quantitative analysis that was numeri-
cal and statistically based on student assessment scores and
(ii) qualitative analysis that was descriptive and based on
interview data.

This study has extracted quantitative data to obtain answers
to the first research question, which was to find evidence for
how robots, when used as AT tools, can profoundly impact
the degree of cognitive ability in children with ASD. At every
stage, the students’ assessment scores were charted during
both the traditional learning process and the robotic inter-
vention learning process. Accordingly, this strategy yielded
concrete results regarding the efficacy of robots as AT tools
on students’ cognitive abilities in grasping knowledge on
place values.

Additionally, this study collected qualitative interview data
to understand how the PvBOT as an AT tool was able to
provide valuable classroom learning experiences for children
with ASD. Six teachers were interviewed after all lessons and
assessments were completed. Each participating teacher was
asked three open-ended interview questions.
1) From yours observations during the case study

conducted, what are the positive aspects of using the
PvBOT to teach the concept of place value?

2) From your observations during the case study
conducted, what are the negative aspects of using the
PvBOT to teach the concept of place value?

3) Please share any other thoughts or input based on your
observations throughout the sessions?

Anecdotes were received from each participating teacher
that illustrate the story of each child as they learned a specific
concept using the PvBOT as an AT tool and as they learned
via a traditional teaching strategy. Based on the teachers’
comments and stories, reports were then prepared that sum-
marized the children’s engagement and learning experiences
with the robot (i.e., PvBOT) as an AT tool.

IV. RESULTS
A. DEMOGRAPHIC DATA
Participants in this study included eight children (n = 8) with
mild or moderate autism (four males and four females). One
may argue that fewer females in schools are diagnosed with
ASD [37]. For this case study, however, there were equal
numbers of male and female participants. This is because

the participants were not randomly selected but rather chosen
because they met the inclusion criteria established by the
researchers (see Methods subsection A). There may also
be concern regarding the reliability of the results given the
limited number of participants. While single-subject designs
may involve only one participant, they typically include mul-
tiple participants, i.e., between 3 and 8 in a single study.
It is important to note that this research was experimental in
nature and that its purpose was to document the effect within
and between subjects to control for major threats to internal
validity. Accordingly, a systematic replication was required
to enhance the study’s external validity. The control group
design, in turn, was used to further demonstrate the external
validity of the findings. Furthermore, it is expected that the
generality of this type of research will be established not
by a single study but through systematic replication across
multiple studies conducted in multiple locations and across
multiple researchers.

The demographic details of the children are presented
in Table 1. The participants are anonymized and identified
by the letters A to H in Table 1. Consent was obtained
from the guardians/parents of all participating children, and
authorization for the study was granted by the school and
the PSSED. It must be noted that these students were one
to three years behind children with typical development, and
their full-scale intelligent quotients (FSIQ) ranged between
40 and 54. Thus, they were categorized as moderately
impaired. Finally, these students had not played with any
robots or experienced any robotic intervention, as such teach-
ing methods and interventions were not part of the school’s
teaching methodology.

Face-to-face interviews were conducted with six special
education teachers and the principal/headmistress of the
school. These are special education teachers who work and
teach at the same school the children participants attend. All
interview sessions were conducted at the school and were
between 30 and 75 minutes long. Conducting these sessions
in the same venue where the robotic intervention was con-
ducted created a familiar atmosphere where the participants
could point to a chart or a book during the session. The inter-
views were conducted in a meeting room, and a video camera
was used to record the session with the consent of the teach-
ers. The PvBOT was also brought into the room so teachers
could touch and point to certain aspects of the tool during
the interview session. Student assessment answer sheets were
also available in the room for reference. Table 2 presents the
characteristics of the six teachers interviewed. Their average
work experience in any special education integrated school
was eight years.

B. MAIN DATA
The two groups of students completed both the traditional
learning and the PvBOT learning without any major inter-
ruptions or distress. At the beginning of the robotic
intervention, the teacher explained how to operate the
PvBOT, as shown in Fig. 6. The teacher then performed

116284 VOLUME 8, 2020



N. I. Arshad et al.: Robots as AT Tools to Enhance Cognitive Abilities and Foster Valuable Learning Experiences

TABLE 2. Interview participants demographic profiles.

FIGURE 6. Teacher giving a step-by-step explanation and demonstration
of how to operate the PvBOT.

a step-by-step demonstration on how to operate the PvBOT
with the activity board, cards and place value boxes. Each
student was then given the opportunity to learn using the
PvBOT. During traditional learning, the teacher explained
about place value using the whiteboard and drawings. This
we followed by giving each child place value cards chil-
dren, which were then explained to the students. At the
end of each lesson, the children sat for a 15-minute assess-
ment. As previously mentioned, both groups of children
sat for the same assessments, i.e., it was irrelevant whether
the children experienced traditional learning or learned via
the PvBOT).

TABLE 3. Students’ assessments score.

TABLE 4. Results of independent sample t-test on assessment scores.

The assessment results collected from both groups are
presented in Table 3. For the first module, the mean score for
Group 1, which received traditional learning, was 60, while
Group 2, which was taught via the PvBOT, achieved a mean
score of 88.75. With respect to the scores for Module 2 in
Table 3, the result for Group 1, which was taught using the
PvBOT, exhibited a mean score of 93.75, whereas Group 2,
which received traditional learning, had a mean score of
62.50. The t-test statistical analyses were performed based
on the assessment scores recorded for both groups.

Table 4 reports the results of the independent sample
t-test. Thus, cognitive ability achievement based on tradi-
tional learning and robotic intervention can be compared. The
mean score for robotic learning is 91.25, while themean score
for traditional learning is 61.25. This implies that students
better comprehend the concept of place value when they
have the opportunity to learn from the PvBOT. Moreover,
the standard deviations for robotic learning and traditional
learning were 9.91 and 11.88, respectively, indicating that
robotic learning exhibited a smaller standard deviation than
did traditional learning. This result implies that the scores
of students engaged in robotic learning were nearer to the
mean score and were more consistent than the scores of stu-
dents engaged in traditional learning, in which the students’
performances exhibited greater variance. This is supported by
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the coefficient of variation, where robotic learning (10.86%)
exhibited a consistent score when compared to traditional
learning (19.40%). Furthermore, the p-value for a two-tailed
independent sample t-test was less than 0.05, which indicates
that there is a significant difference in themean score between
robotic learning and traditional learning. Therefore, it is evi-
dent that robotic learning had a more consistent performance
score than traditional learning, indicating a better acceptance
by every child with ASD and thus ensuring that no child is left
behind. Based on these results, this study posits that robots
are a highly efficacious AT tool that, when compared to tra-
ditional learning, improve the cognitive abilities of children
with ASD.

The interviews with the six special education teachers
revealed that robotics learning resulted in four valuable class-
room learning experiences. Specifically, robotics learning
(1) promoted student interest in learning and increased stu-
dent engagement in classroom activities; (2) attracted the
attention of students and encouraged them to focus on engag-
ing in classroom activities; (3) triggered interactions and
communication among the child, the robot and another per-
son; and (4) created an atmosphere of joy and fun while
engaging in classroom learning activities.

1) INTEREST AND ENGAGEMENT
First, the special needs teachers emphasized that the
introduction of the PvBOT enhanced student interest in
learning and increased student engagement in classroom
activities. The PvBOT served as an inviting assistant that wel-
comed children to learn. As such, the PvBOT was capable of
removing barriers that normally prevent these children from
feeling free and behaving in certain desired ways in class.
One of the special needs teachers pointed out that ‘‘Maybe
because the PvBOT is not emotional like anyone of us, and
the PvBOT will never be angry, it can repeat the place value
like a hundred times! Probably because the PvBOT never gets
angry and is super patient with children, it makes them feel
safe and they are attracted to it’’ Teacher 2. Another special
education teacher stated that ‘‘These kids often get distracted
easily. . . the PvBOT stimulates their interest. They will come
in front of the class to look at the PvBOT, touch it, hold it,
and play with it without being asked! In normal [traditional]
classes, they often sit in the back, look outside the class and
don’t bother to learn,’’ Teacher 5.
From their perspective, the PvBOT stimulates children

with ASD to play and learn, which indirectly increases their
interest and engagement in learning. They also noted that
the PvBOT is capable of attracting children’s curiosity and
inducing them to start doing things that indirectly teach them
the lesson. As one of the special needs teachers highlighted,
‘‘The PvBOT was able to stimulate student interest to pick
cards and put them in the boxes, and they were excited to
know the numbers and watch where it [the PvBOT] moves!
The movement, the colors, the LEGO robot itself attract
their interest and naturally they learn without being forced,’’
Teacher 1.

Based on this evidence, this study asserts that the robot
as an AT tool is capable of gaining students’ interest toward
learning and increasing their level of engagement in class-
room activities, which is consistent with previous works
that have found that nonhumanoid robots enhance children’s
attentive skills and promote their engagement in assigned
tasks. Thus, it is evident that robots provide a valuable class-
room experience for children with ASD that eventually can
help each of them reach their full potential.

2) ATTENTION FOCUS
Second, it was determined that the PvBOT is a helpful AT tool
in that it motivates children with ASD to pay attention and
focus for a longer time period when engaging in classroom
activities. They further emphasized that the PvBOT could be
used as a classroom tool to attract the attention of the students.
This was the case on many occasions, as the PvBOT was able
to induce the children to focus on the learning of place values.
As one of the teachers mentioned, ‘‘In my class, it was so dif-
ficult to get them to listen to me for even a mere five minutes!
But with the PvBOT, they seemed to be listening and focusing
for almost 20 minutes!’’ Teacher 1. Hence, it is evident that
the children’s attention span was extended when the PvBOT
was teaching the student compared to when the teacher was
instructing the student. This is critical, as focus is the key to
learning and developing cognitive abilities. The same teacher
stated, ‘‘Without focus, it is difficult for learning to occur.
That is why it is so important that we motivate them to focus
on what is being conveyed and the PvBOT seems to be very
good at doing that,’’ Teacher 1. In other words, the PvBOT
motivates the children to pay attention and focus on under-
standing the content. Once students are able to focus on the
content, they are better able to comprehend the subject matter,
and this is when learning occurs. As elaborated by a teacher,
‘‘With the robot, children become immersed in what it [the
robot] does and what it says, and thus, they [the children]
come forward, they see, they touch, they listen and they even
giggle. They stand and enjoy the moment of learning and even
imitate what the robot says, i.e., the number and place values.
The children are immersed by the robot and eventually they
learn about place values’’ Teacher 3.

This finding is consistent with the theoretical lens which
asserts that play-based learning (i.e., robots for this study)
allows children with ASD to explore. It is through the explo-
ration process that the children become more focused on
and immersed in the content, which then contributes to their
learning. Based on the evidence presented herein, this study
emphasizes that the use of the PvBOT is a helpful AT tool that
holds the attention of the children and keeps them focused on
the learning activities during the lessons. This supports the
capability of robots to be an efficacious AT tool that creates
an immersive classroom environment that eventually allows
learning to occur.

3) INTERACTION AND COMMUNICATION
Third, this study has determined that the PvBOT could be
an AT tool that prompts interactions and communications
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among children with ASD. One of the special education
teachers noted that the PvBOT encourages contact, interac-
tion and communication to among the child, the robot and
another person. These scenarios were witnessed by the teach-
ers throughout the study without them coercing the children
to communicate. Teachers were surprised to witness many
occasions where these children communicated and interacted
with another child and with the researcher. The teachers also
commented that the PvBOT could be a mediator or object that
promotes communication and interactions with one another.
One of the special education teachers commented, ‘‘I was
surprised to see B [name omitted], who hardly talks to others,
be excited to show what he could do with the PvBOT to his
friends. He even waited for his turn and upon completing the
activity he gave the opportunity to his friend and started to
help him with the robot. I find it very interesting to see these
types of skill improvements happening among my children in
class,’’ Teacher 4.

The evidence from this study indicates that the teachers
acknowledged the valuable impact of robotic learning and
believed that it can be an effective medium that encourages
children with ASD to communicate with and reach out to
others. Previous works have also found that robots can serve
as social mediators, a finding that is consistent with the
theoretical lens that interpreted this interaction as a dyadic
model that helps enrich a child’s development. Accordingly,
we are comfortable claiming that robots have the ability to be
effectiveAT tools that promote classroom interactions that are
essential for shared educational activities. In the long run, this
may encourage better communication among children with
ASD and allow them to feel more relaxed and calmer in the
classroom environment.

4) HAPPINESS AND FUN
The results further indicate that the majority of teachers
agreed that the introduction of the PvBOT created an atmo-
sphere of happiness and fun in the classroom. Children
found it interesting to play and interact with the PvBOT
while simultaneously learning. The classroom environment
changed from one where children sit passively at their desks
to one where they play a more active role in their learning.
As one of the teachers stated, ‘‘The kids were enjoying
themselves and remained standing and some were clapping
their hands. They love seeing the robot move, turn and talk.
They also love the colorful cards and the activity board.
They find it entertaining. They keep asking when the robot is
coming again’’ Teacher 6. Robotic intervention has allowed
learning to occur in a play mode that creates an atmo-
sphere of entertainment for the child. Consistent with this
premise, the teachers stressed that it is important to create
a fun and happy environment for this group of children
given that they can learn only in nonstressful situations.
As mentioned by one of the teachers, ‘‘If they are throwing
tantrums and are in bad moods, we have to control the
situation. It interrupts the whole class and learning cannot
happen. The PvBOT can be of assistance in such situations.

It [the robot] can make my students feel happy and excited to
learn’’ Teacher 2.
Based on the evidence collected, this study asserts that

robots such as the PvBOT have the potential to serve as
AT tools that make learning exciting and fun for children
with autism. These elements are crucial to ensure that these
children are engaged in classroom activities, as they create
an enjoyable and interesting classroom learning environment
that may escalate students’ interest in learning. This premise
is in line with the theoretical lens of play-based learning,
which highlights that play activities offer joyful experiences
that empower the child and promote nonformal learning.

5) AN ASSISTIVE TECHNOLOGY
Finally, all the teachers strongly emphasized that the robot
was a great AT tool that intensifies their teaching delivery
in the classroom. In addition to students having benefitted
from robotic learning in remarkable ways, the teachers also
found that the PvBOT alleviated some of their challenges in
teaching. For example, the majority of the teachers agreed
that the PvBOT was of great assistance in repeating content.
As one teacher stated, ‘‘PvBOT can repeat the numbers and
sentences again and again to all of them [the students with
ASD]. That is like telling them the same thing sixty times,
over and over again. I could not be doing that every day. So,
I thank the PvBOT for doing that for me!’’ Teacher 6.

It is further highlighted that a robot is not intended
to replace teachers in classrooms. Robots are man-made
machines that can support and challenge students in current
resource-limited educational environments. With assistance
from robots, teachers can spend more time providing com-
prehensive attention, empathic care, and special attention
to those in need. As stressed by the headmistress, ‘‘They
[robots] will be valuable as assistants to teachers but not
replace the teachers. A teacher is needed in class to organize
the lesson, look after the kids, take care of them, control
their emotions, provide extra assistance when needed, react
when there is any emergency situation and to handle many
more duties that a robot cannot do.’’ Another work also
highlighted that the teacher’s presence is necessary tomonitor
and respond to challenging situations such as students’ frus-
trations and distressing emotional states. Thus, it is concluded
that a robot is a great AT tool for teaching, but it is not
intended to replace the teacher, who is needed to educate and
provide rewarding educational experiences for children.

V. DISCUSSION AND CONCLUSION
The aim of this study was twofold. First, we investigated
whether robots as AT tools can profoundly enhance the
knowledge and cognitive abilities of children with ASD.
The mean score assessment results suggest that the robotics
intervention has a greater impact on children’s cognitive
development than traditional teaching/learning. Furthermore,
the results of the independent sample t-test analyses indicate
that the robotics intervention performs better than the tradi-
tional ways of learning. Similarly, the standard deviation of
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robotics learning is lower than that of traditional learning,
suggesting that the performance of the robotics intervention is
closer to the mean value. Conversely, traditional learning has
a higher standard deviation level, which represents a greater
dispersion of student performance values. Furthermore, the
p-value for the two-tailed independent sample t-test is less
than 0.05 and is accepted as significant in determining that
the mean values of both groups are not statistically equal.
Hence, based on these results, this study asserts that robots
as AT tools have a profound impact on developing the cogni-
tive abilities of children with ASD. This is consistent with
other works that have identified the potential of robots as
tools that attract and retain the attention of children with
ASD and ultimately promote cognitive development [12],
[13], [38]–[40].

Second, another goal of this study was to gather insight
into how robots, as AT tools, provide valuable learning expe-
riences to children with ASD. The results from interviews
with special education teachers highlighted four remarkable
learning experiences created in classrooms through robotic
interventions: (1) increase student interest in learning and stu-
dent engagement in classroom activities, (2) attract and retain
student attention and focus on classroom activities, (3) trigger
interactions and communication among the child, the robot
and another person, and (4) create an element of happiness,
fun and leisure as children engage in learning activities in the
classroom. These learning experiences were defined based on
the teachers’ vast experiences in educating and scaffolding
the learning of children with ASD. It is claimed that the
functions of the robot bring added value to the classroom and
play a supporting role by providing rewarding educational
experiences.

The strength of this study is that it provides evidence
of how robots can be leveraged as AT learning tools in
classrooms for children with ASD through the theoretical
lens of play-based education. AT embraces a wide range of
devices, among which, as evidenced in this work, the robot
is one. This study also demonstrated the efficacy of robots
as AT, particularly in special education classes and inclusive
school systems. This includes the support that robots can
provide children with ASD by allowing for repetitive delivery
and engagement in routine tasks and offering personalized
teaching. That said, the robot not only benefits children with
ASD but also is used as a teaching aid by special education
teachers. In the broadest sense, robots have the potential
to become part of the infrastructure of special education
programs and inclusive school systems just as paper, white-
boards, and markers are.

The single case study evidence presented herein has the
potential to make a meaningful contribution to the body of
literature on special education teaching and learning, par-
ticularly for children with ASD. Furthermore, our findings
promote understanding and highlight ways that special edu-
cation curriculum can adopt the notion of play-based learning
through robotic intervention, thus supporting the theoretical
lens in the following four ways: (1) providing nonformal

therapy and learning in classrooms, (2) enabling the integra-
tion of activities with active learning, (3) offering a simple
curriculum design focused on the early stages of autism, and
(4) using AT to conduct activities and reinforce the child’s
learning development.

This study also indicates that because robots have
limitations, they are best used as AT tools in classrooms.
This recommendation is consistent with the work of [15] who
concluded that robots should serve as additional tools under
the control of professionals rather than serving as the main
actor in any situation. Thus, consistent with previous works,
it is predicted that robots will continue to play a significant
role in classrooms for children with ASD but that they will
never replace classroom teachers.

One of the limitations of this study is the price of LEGO
Mindstorms EV3, as not every parent or special education
and integrated school can afford to purchase LEGO sets.
This applies to the majority of other types of robotic tools
as well, such as the NAO. However, it is hoped that one com-
plete set of LEGO Mindstorms EV3 could be used for many
teaching and learning modules that cover a wide range of
topics. Teachers, as well as parents, could then assemble and
download the codes for the robot to deliver various modules
guided by the instructions.

Moreover, the potential that was identified using LEGO
Mindstorms EV3 could also be applied to many other AT
robotic tools. [15] highlight that often, on an abstract level,
many robots have similar characteristics. For instance, other
robots such, as the NAO as presented in [24], and [41] have
demonstrated that they provide consistent interaction, and in
this way, they become an additional support for teachers and
therapists.

While this study was purposefully simple in design, several
other limitationsmust bementioned and considered. Children
were only given one session with the robot, and it lasted a
short period of time. Sessions over longer time spans may
offer additional insights.Moreover, the assessment conducted
as part of this study examined only achievements in cognitive
abilities. Future studies should include other variables that
measure gaze, emotional state, number of communications,
number of responses to robot’s commands, and speed or
promptness of responses to robot’s instructions. On another
note, this work was designed as a cross-sectional study,
whereas data collected through a longitudinal studymay offer
different insights. While the current study provides data that
suggests that children with ASD better understand the con-
cept of numbers when robots are used to deliver the lessons
than when traditional learning techniques are employed, this
finding is not generalizable to other topics. Hence, future
studies may conduct cross-topic analyses that include other
topics in mathematics as well as topics related to time and
recycling skills. Furthermore, our study employed a rela-
tively small number of participants (n = 8). A larger sample
size may provide more interesting results. Finally, this study
offers a novel comparison between traditional learning and a
robotics intervention in the classroom, suggesting that robots
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as AT have a positive impact on learning among children with
ASD. Nonetheless, further investigations within a controlled
clinical setting may be beneficial.
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