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Abstract

Autism Spectrum Disorder (ASD) presents challenges in areas such as communication,
social interaction, and learning. To address these challenges, TINY has been developed as
an interactive educational robot tailored to meet the unique needs of children with ASD.
TINY incorporates adaptive Al technology, allowing it to personalize teaching methods
and activities based on each child's individual preferences and developmental progress.
Its features include sensory-sensitive design, engaging interactive elements, real-time emo-
tion detection, and gami ed learning to foster cognitive and social skills in a stress-free
environment. The robot also provides a valuable link between caregivers and profes-
sionals by generating detailed progress reports and actionable insights. These reports
help in understanding the child's learning patterns and informing targeted therapeutic
approaches. By combining advanced technology with empathy-driven design, TINY aims
to create a nurturing educational experience that promotes skill development, enhances
emotional well-being, and supports overall growth in children with ASD.

This study outlines the design, functionality, and impact of TINY, demonstrating its
potential to revolutionize learning and therapy for children with ASD.
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Chapter 1
Introduction

The project -Design and Development of a Low-cost Bangla Voice Interactive Children
Educational Robot TINY for ASD Application, showcases a meaningful advancement
in educational technology for children with Autism Spectrum Disorder (ASD). This ini-
tiative, undertaken by the Computer Science and Engineering Department, underscores
our commitment to leveraging technology for societal bene ts. By creating an a ord-
able, interactive robot designed to engage children through Bangla voice interactions, we
sought to support language learning and engagement in a way that is both accessible and
impactful. This project was an invaluable opportunity to apply theoretical concepts in
robotics, voice interaction, and human-centered design, allowing us to address the unique
educational needs of a speci c demographic in Bangladesh. The experience reinforced the
department's mission to nurture innovation and contribute toward the goals of Digital
Bangladesh.

1.1 Background of the Work

Educational robotics is to improve children's skill and competency development via the
use of electronic components and robots in an interdisciplinary learning environment. It
focuses mostly on the STEAM elds, but it can also touch on subjects like geography,
history, and languages. STEAM education relates to these 5 subjects: Science, Tech-
nology, Engineering, Arts and Mathematics [1]. In recent years, educational robotics
has become an essential tool for facilitating active learning. It allows students to en-
gage in hands-on activities that promote exploration and innovation. The integration of
robotics into educational curricula has proven to enhance cognitive development, improve
technological literacy, and encourage collaboration among students. Educational robots
are designed to interact with children, providing immediate feedback and personalized
learning experiences that cater to individual needs and learning styles. The capacity
with which children could interact with a social robot in a novel learning environment is



1.1. BACKGROUND OF THE WORK

being studied. A method for measuring how actively children with learning di culties
participate in adequately prepared activities is described, utilizing multimodal machine
learning. The goal is to nd the child's sustained attention throughout the conversation.
To achieve this goal, visual and aural data are recorded between the children and the
robot [2]. Educational robots for children are emerging as tools for learning that can
enhance children's early reading and language skills, considering recent technical devel-
opments [3]. Social robots are those that can interact with humans on a mental and social
level. Socially assistive robots (SARs) have been used in recent studies to help children
with special needs communicate better and interact with others [4].

Figure 1.1: Fosters STEAM Learning and Educational Robot

One of these conditions is ASD. Autism Spectrum Disorder (ASD), a neuro-developmental
disease signi ed by limited interests, social communication challenges, and compulsive
practices [4]. Children with ASD often struggle with social interactions and communi-
cation, which can hinder their academic and personal development. To address these
challenges, socially assistive robots (SARs) have been developed as therapeutic and edu-
cational tools to support these children [5]. Today, a wide range of assistive technology
applications, including robotics, telehealth, virtual reality, and computer-assisted learn-
ing, have been developed to aid in the treatment of autism [6]. According to recent
research, children with autism are more likely to engage with an interactive robot. These
robots are equipped with sensors and algorithms that enable them to recognize and re-
spond to human emotions, gestures, and speech. The robot can guide the children in
therapy sessions to practice more complicated types of interaction found in social human
to human relationships by engaging them in ways that model and teach fundamental
parts of human interaction [7].

Educational robots hold signi cant potential for enhancing the learning experiences and
developmental outcomes of children with ASD. The ability to communicate verbally and
nonverbally, recognize emotions, and acquire social skills are the main characteristics of
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1.2. SIGNIFICANCE AND SCOPE

Figure 1.2: QTrobot and Autism Education with Qtrobot

SARs. In this regard, their ability to be programmed to respond to various social circum-
stances is one of their biggest strengths. Not only provides robotic assisted therapy per-
fectly align with the educational needs of these students, but it also perfectly corresponds
with the methodological principles (individualized intervention, sequence of activities, ac-
tive experiences, and predictive environments) that should guide their teaching-learning
process. This kind of intervention must be used in educational environments according
to the rapidly advancement of robotics, its positive outcomes, the complexity of the ed-
ucational demand, and increasing prevalence in ASD cases [9].

Figure 1.3: L'oeil Creatif with his Cozmo Robot for ASD children

1.2 Signi cance and Scope

The development of a Bangla-speaking educational robot for children has been driven
by the growing recognition of the critical role technology plays in education and the
need to provide interactive and engaging learning experiences in the Bangla language.
Educational robots are instrumental in helping children develop essential cognitive skills
and enhance their overall learning experience [10].
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1.2. SIGNIFICANCE AND SCOPE

Figure 1.4: Jibo Robot for ASD children

Children diagnosed with autism spectrum disorder (ASD) in Bangladesh face signi cant
challenges when it comes to receiving specialized educational and therapeutic interven-
tions tailored to their individual needs and skills. The current resources and therapies
available often lack cultural relevance, accessibility, e cacy, and e ciency. This gap

in services is compounded by a shortage of resources and quali ed personnel dedicated
to supporting the social, emotional, and academic development of children with ASD.
Children with autism spectrum disorders (ASD) are accepted into primary school with
the goal of helping them participate in social activities within the classroom and school
community in addition to helping them develop their academic skills. By encouraging
crucial target behaviors including imitation, eye contact, taking turns, and self-initiation,
robots in autism therapy serve as behavior eliciting agents, accelerating the develop-
ment of a patient's sensory, cognitive, social, emotional, and motor capabilities [11]. The
long-term objective is not to build robots that will take the place of human therapists,
instead attempting to provide them with crucial information that allows the therapists to
customize the therapy material and generate more interesting and realistic interactions
between the robots and autistic children [12]. The Bangla-speaking educational robot is

Figure 1.5: Therapy session augmented with humanoid robot NAO

a culturally relevant tool for children with ASD in Bangladesh. It enhances learning and
engagement, improves communication skills through speech recognition and NLP (Nat-
ural Language processing), provides personalized support, fosters social skills through
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1.3. OBJECTIVE

interactive activities, and supports educators and therapists by providing resources and
support. The robot's integration with the learning pace and needs of each child ensures
e ective interventions.

1.3 Objective

Our designed robot TINY, a theoretical foundation for social robotic education, which
stands for Teach, Inspire, Nurture, and Yield. The goal of this project is to develop an
interactive educational robot, this robot capable of speaking Bangla, speci cally designed
to engage and educate children in Bangladesh. By leveraging robotics and arti cial intel-
ligence. The purpose is to o er children an engaging and immersive learning environment
that improves their cognitive abilities, linguistic uency, and subject-matter knowledge
by utilizing robots. Additionally, our robot explores the potential of low-cost support
for early language acquisition and literacy development. Our robot TINY has the ability
to improve social interaction, communication, and emotional regulation skills in children
with ASD. The project aims to provide insights into future research and development
of assistive technology for children with ASD by documenting the development process,
ndings, and best practices and sharing them with the larger educational and therapeutic
community.

Figure 1.6: TINY robot for ASD children
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1.3. OBJECTIVE

The main objective of TINY:

TINY is capable of speaking Bangla.
Aims to assist autistic children in Bangladesh and improve their behavior.

Provides an engaging learning environment that enhances cognitive abilities, lin-
guistic uency, and subject-matter knowledge.

Responds quickly and accurately to questions, exploring potential of low-cost sup-
port for early language acquisition and literacy development.

Improves social interaction, communication, and emotional regulation skills in chil-
dren with ASD.

Aims to provide insights into future research and development of assistive technol-
ogy for children with ASD.

Page 6 of 611



Chapter 2
Literature Review

Literature review is applied in system-wide research projects. Its goals are to gather
data, identify issues as they arise, and improve the performance of the built system. A
literature review also makes it possible for system administrators and users to identify
the real issues with the current setup.

2.1 Children educational robot

Robotics education transfers information about robotics or other topics by using instruc-
tional robotics technology. Research has attempted to show how robots may be used in
teaching, particularly for younger pupils. The ndings about the children's methods of
problem-solving during debugging revealed that most of them employed decomposition
to handle the task's complexity. These ndings are signi cant because they demonstrate
that even at these early ages. The results of the children's techniques for addressing
problems during debugging showed that most of them used deconstruction to deal with
the complexity of the task [13].

Figure 2.1: Sanbot children educational robot



2.2. EFFECTS OF ROBOT PROGRAMMING IN EARLY CHILDHOOD
EDUCATION

2.2 E ects of robot programming in early childhood

education

Commencing robot programming at a very young age, like 3 years old represents a con-
structive approach. Robot programming employs symbolic and pictorial commands, re-
quiring students to direct a robot's movement and construct commands in a suitable
manner to produce a series of actions. CT skills will be necessary for future generations,
and their signi cance in ECE is increasing as age-appropriate devices become accessible.
Programmable robotics has recently been used to bring programming and Computational
Thinking (CT) into Early Childhood Education (ECE)[14].

Figure 2.2: Matalab coding robot

2.3 Improving social skills and behavioral improve-
ment using social robots

By combining advanced robotics technology with the concepts of behavioral therapy, a
Human Robot Interaction (HRI) system is being developed to improve the behavioral
abilities of children with autism. The system provides controlled practice opportunities
by responding to the child's behavior and emotional cues through the use of sensors,
actuators, and arti cial intelligence [16]. Additionally, a long-term in-home social robot
can help children with autism spectrum disorder (ASD) by developing a strong connection
with them and helping them with their social skills inadequacies [17]. Parents and other
caregivers can actively contribute to their child's social skill development by modifying
interactions with the robot based on the child's preferences and developmental stage.
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2.4. THE ROLE OF EDUCATIONAL ROBOTICS FOR INCLUSIVE EDUCATION

Figure 2.3: MIKO robot

2.4 The role of educational robotics for inclusive ed-
ucation

Two inclusive education philosophies that do not con ict with one another; rather, they
just address how inclusive education is perceived. One is where help is given to students
with various special needs in the context of inclusive education, seeing special needs as dis-
abilities, as well as those from diverse cultural backgrounds, socioeconomic backgrounds,
gender identities, and others [14].

Figure 2.4: Concept of Interrelations among Inclusive Education Robotics

2.5 Improving language skills and development using
educational robot (ER)

Robot tutors with gesture abilities can prove to be useful. Gestures help less-skilled
learners understand speech in a second language. Since the robot can understand English

Page 9 of 611



2.6. PREREQUISITES REGARDING USING SOCIAL ROBOTS WITH ASD
CHILDREN

spoken by children studying it as a second language, it can help children become improved
in the language by processing partial words and sentences and enhancing their grammar
and pronunciation [17]. Language abilities like speech and vocabulary might be improved
by social robots. Children played activities like picture naming and matching to learn
new vocabulary and they conversed with a social robot [18]. It has been discovered that
students nd robots to be generally enjoyable and that they even have a favorable impact
on their performance. However, in scenarios involving learning new languages, robots may
perform a variety of functions. Here, the robot taught English terms for ideas that the
youngsters, ages 5 to 11years. Children were not exposed to any English vocabulary at all.
Another study reveals that children's participation in an animal name learning game was
in uenced by the robot's unpredictability in providing feedback. However, the feedback
itself had no e ect on the children's learning gain, which was minimal but continuous
throughout every situation [19].

Figure 2.5: Talkbo and EMY Educational Robot

2.6 Prerequisites regarding using social robots with
ASD children

The design of social robots determines how a child will interact with them. Researchers
have proposed that distinct design elements and morphologies can improve therapeutic
e cacy; some have used humanoid robots, while others have used non-humanoids. When
creating robots for autism therapy, factors including autonomy, safety, functioning, and
appealing features must be taken into account [20].A socially assistive robot can o er
personalized, on demand, structured cognitive or social support, enhancing social and
communicative skills in both human-robot and human-human interactions, thereby en-
hancing healthcare e orts [21]. Although there are many opinions whether the robot
should be more human-like or not in making a di erence, as some say certain children
with autism spectrum disorder (ASD) are more comfortable with robots that don't seem
like real people as they are less complex and less, but others support a humanistic mindset.
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