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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 gamified 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 benefits. By creating an afford-
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 specific 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 fields, 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 difficulties
participate in adequately prepared activities is described, utilizing multimodal machine
learning. The goal is to find 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 signified 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 significant 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 Significance 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

e
me

Figure 1.4: Jibo Robot for ASD children

Children diagnosed with autism spectrum disorder (ASD) in Bangladesh face significant
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, efficacy, and efficiency. This gap
in services is compounded by a shortage of resources and qualified 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

Page 4 of



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

effective 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, specifically designed
to engage and educate children in Bangladesh. By leveraging robotics and artificial intel-
ligence. The purpose is to offer children an engaging and immersive learning environment
that improves their cognitive abilities, linguistic fluency, 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,
findings, 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 fluency, 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



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 findings about the children’s methods of
problem-solving during debugging revealed that most of them employed decomposition
to handle the task’s complexity. These findings are significant 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 Effects 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 significance 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 artificial 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 conflict 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].

/ Inclu'slve educ;tlon \

Specalnests i KNGl guy  Cnaldversty o Gender

\_{ | /

Educational robotics

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
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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 find 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
influenced by the robot’s unpredictability in providing feedback. However, the feedback
itself had no effect 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
efficacy; 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 offer
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 efforts [21]. Although there are many opinions whether the robot
should be more human-like or not in making a difference, 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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2.7. EDUCATIONAL ROBOTS FOR ASD CHILDREN

Daily living skills can be more broadly applied in a genuine healthcare setting as realistic
looking robots are better able to comprehend social behaviors through their movements
and attributes [22].

a) Kiwi b) Leka c¢) Paro d) Parrot

Figure 2.6: Different Shaped Educational Robots for ASD Children

Above are some of the social robots used for autism. Researchers have explored the
promising utility of socially assistive robotics (SAR) as a therapy tool to help people,
particularly children, with autism Kiwi, a Stewart Platform designed for research in
socially assistive robotics. Children interact with Kiwi by playing 10 different educational
games on a touch-screen monitor [23]. Leka a social robotic partner for kids with autism
spectrum disease that helps them with their physical development [24]. Lastly the social
robot Paro is intended to lessen psychiatric problems, enhance communication, and boost
involvement and attention spans. Its social interaction promotes greater engagement and
focus [25]. Animal robot like parrot can be controlled by a remote operator to detect and

interact with autistic children verbally [26].

2.7 Educational robots for ASD children

In recent years, there has been a great deal of interest in examining the efficacy of tech-
nology based strategies in training and teaching different skills, such as communication
and social skills, academic skills, and information processing, to increase independence in
children and adolescents with ASD [24]. A number of studies have been done that show-
case the work between robotics and artificial intelligence (AI), with a special emphasis
on the growth of children with ASD. Every study highlight of the modern innovations

made for improving learning environments and handling certain problems.
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2.7. EDUCATIONAL ROBOTS FOR ASD CHILDREN

Table-1: List of some used educational robots for ASD children

Research

Robot

Application

Kaspar, the social robot and
ways it may help children
with autism — an overview

[20]

A social companion to im-
prove the lives of chil-
dren with autism and other
communication difficulties
through facial expression
recognition and real-time
image processing.

Milo: This robot used in
therapy for children with

autism spectrum disorder
[22]

Support children with ASD
in developing their social
and emotional abilities.

Effectiveness of NAO Robot
to Train Children with

Autism Spectrum Disorder
(ASD) [9]

Help to improve the aca-
demic skills of the children
through interactive sessions.

Otisma:An integrated
application and humanoid
robot as an educational tool
for children with autism
[15]

Integrates applied behavior
analysis (ABA) to assist
children with autism in im-
proving their social skills
and communication abili-
ties.

Social and emotional skills
training with embodied
Moxie [23]

Provides information that is
influenced by cognitive be-
havior therapy, graded cue-
ing, and applied behavior
analysis, among other ther-
apeutic approaches.

Children with autism spec-
trum disorder can learn
emotional skills from so-
cially assistive robots [21]

Robot for therapists and
educators. It uses fa-
cial expressions, gestures,
and games to teach children
with autism spectrum disor-
der about communication,
emotions, and social skills.

Table 2.1: Robots and Their Applications for Children with Autism
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2.8. ROBOTIC LEARNING ASSISTANT WITH Al FEATURES FOR CHILDREN
WITH ASD

2.8 Robotic learning assistant with AI features for
children with ASD

A social robot with an Al-based state detection system is a significant advancement for
educational settings and assisting children with various needs. This technology allows the
robot to sense children’s emotions in real time and respond competently. In educational
contexts, this technology can enhance learning outcomes and mental health, particularly
for children with autism spectrum disorder (ASD). In therapy environments, educators
and therapists are able to foster genuine connections and tend to personal requirements

by utilizing the robot’s ability to perceive and respond to emotions [21].

Personalized
Treatment
Plans e e
— o Improved
Diagnostic
Accuracy

Figure 2.7: The benefits of Al tools for children with autism
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2.9. ASD RELATED WORK IN BANGLADESH

2.9 ASD related work in Bangladesh

Few studies in Bangladesh have explored the use of robotics in addressing Autism Spec-
trum Disorder (ASD) in children. These studies used the NAO robot to improve commu-
nication and social interaction in children showing higher levels of participation [22,23].An-
other study focused on a humanoid robot designed to address communication barriers,
social interaction difficulties, anxiety, and behavioral challenges. It specifically addresses
the issues with nonverbal asd children [24]. These studies highlight the potential of
robotics as a therapeutic tool, but highlight the need for localized, cost-effective, and cul-
turally appropriate solutions in Bangladesh. More adaptation and evaluation are needed

to fully realize the potential of robotics in the treatment of ASD.

Figure 2.8: Image of humanoid robot
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Chapter 3

System Design of TINY

The hardware and software components of TINY’s system design are combined to enable
data processing, environment monitoring, and human interaction. Tiny is the primary
processor unit that controls systems and does complex calculations. It interacts with
kids by processing their oral input through speakers. The software includes modules for
Natural Language Processing (NLP) algorithms that evaluate user inputs in order to

enable dynamic interaction between users.

Verson-1 Version-2 Version-3

Verson-4 (Latest)

Figure 3.1: All versions of the TINY robot
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3.1. RECOGNIZING THE CIRCUMSTANCE

3.1 Recognizing the circumstance

Start by being aware of the special requirements and difficulties that children with ASD
confront. Take into account their limited social engagement, sensory sensitivity, and
communication challenges. Recognize the importance of language proficiency for partic-
ipation in society, education, and expressing demands. The goal of our robot should be

to aid with the development of languages. The primary functions of TINY, for example:

e Enhancing communication skills
e Improving social interaction
e Encouraging the expression of emotions

e Promoting concentration and attention during the learning process.

3.2 The components and characteristics

e Sensory Observation:In order for TINY to sense its surroundings and recognize
signals, it needs to be outfitted with sensors (such as camera and microphone). To

react to physical interactions, take into consideration adding touch sensors.

e Communication: To interact with children, TINY can employ voice recognition
and synthesis. Visual signals that are expressive, like LED lights or facial charac-

teristics, can improve communication.

e Expression of Emotions: Expression actions, such as motioning and smiling, can
promote interaction and communicate feelings. Depending on the child’s emotional

state (e.g., relaxed, passionate), TINY may behave differently.

e Concentration and Awareness: Monitor the teacher’s voice during online classes
and redirect the child’s awareness when needed. Use expressive behavior (e.g.turning

toward the teacher) to guide concentration.

3.3 Interaction design

e Predictability: Ensure that TINY’s interactions are predictable and consistent.
Children with ASD often thrive in structured environments. Avoid sudden move-

ments or surprises that might cause anxiety.

e Triadic Interaction: Facilitate interactions between TINY, the child, and the
teacher. TINY can act as a mediator, reinforcing positive behaviors and maintaining

engagement.
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3.4. INTERACTION MODEL OF ROBOT, TEACHER/ SUPERVISOR AND ASD
CHILDREN

e Independence: Balancing robot assistance with the child’s independence.

e Emotional impact: Ensure TINY’s interactions are supportive and not distress-

ing.

3.4 Interaction model of robot, teacher/ supervisor
and ASD children

Our robot TINY aims to create a supportive learning environment for children with ASD

while leveraging the capabilities of a humanoid robot. Here are some key points:

e Functionality of the Robot:The humanoid robot serves as an assistant or com-
panion during educational and therapeutic activities. It interacts with children in
a structured and predictable manner, providing consistent cues and responses. The

robot’s presence can enhance engagement, communication, and learning.

e The objective of the Teacher/Supervisor: The teacher or supervisor is re-
sponsible for directing the interaction. They let the child and robot communicate
with each other. The instructor makes certain that the tasks are in line with each

child’s unique requirements and objectives.

e Socially Assistive Robots (SARs) and Their Role in Interventions: SARs
are looking at using SARs as tools to help kids with ASD. The use of Human-Robot
Interaction (HRI) in interventions can be advantageous. SARs can help children
interact with others, which may help to improve social skills and lessen autistic

behavior.

e Safety Architecture: Implementing robots in autism interventions requires safety
considerations. A safety architecture is proposed to integrate into the robot’s con-
troller. Its main objective is to identify distracting factors that may compromise
the psychological or physical safety of the children. Testing in a Simulated Envi-
ronment: A kid and robot engage in a simulated setting. The interaction is created

by dialogue inputs and outputs.
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3.5. METHODOLOGY FOR THE DEVELOPMENT OF TINY

(_} ASD child < ~
Rob¢t learning

< TINY robot
?

[- Teacher 1

; Teaching interaction Control over action —)

Figure 3.2: Interaction model of TINY robot

3.5 Methodology for the development of TINY

The inception of TINY, an interactive educational robot, marks a significant stride to-
wards revolutionizing early childhood education. By helping kids develop their social
skills and customizing teachings through one-on-one interactions. TINY paves the way
for a dynamic and immersive learning experience. This educational robot aimed at as-
sisting children aged 3 to 11 age in learning basics like alphabets, numbers, and general
knowledge. Even it can be assisted for quick replies and general knowledge-based ques-
tions. This implies that they have an easier time with things like science, arithmetic, and
linguistic vocabulary. To make this happen, it is meticulously crafted with sophisticated
software components and robust hardware. This document illustrates a holistic system
design that brings life into the miniature, presenting it as an interactive, educative, and
safe learning medium. The first step is to establish clear learning objectives that prioritize
basic knowledge. Components like the Raspberry-Pi 5B, microphones, audio amplifiers,
sensors, and more are carefully selected and acquired to meet educational needs. TINY
is designed using safe and child-friendly components. This 3D model is also given the
easy name “TINY” to make the robot more acceptable to children. The hardware is as-
sembled according to the design, with each part, especially the sensory and motor units,
undergoing thorough testing for functionality and safety. Software development is next,
with programs enabling TINY to engage with children through voice recognition and ed-
ucational algorithms. This software is integrated with the robot’s hardware, allowing for
sophisticated interaction. Extensive testing ensures TINY’s reliability and safety, leading
to design and software enhancements that improve the robot’s educational interactions.

It is then tested with a group of children, whose feedback is vital for assessing the robot’s
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3.5. METHODOLOGY FOR THE DEVELOPMENT OF TINY

educational effectiveness. The feedback forms further improvements to TINY’s design
and educational content. The development journey is documented, producing materials
to support TINY’s distribution and use. Finally, outreach to educators, parents, and
tech enthusiasts allows for showcasing it and incorporating community feedback. Chil-
dren with ASD may benefit from robot-assisted therapy in terms of social interaction,

communication, and emotional control, but further study is required to make this possi-
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Chapter 4

Architecture of TINY

4.1 Framework of architecture

TINY acts as the central processing unit, enabling it to perform complex computational
tasks and control mechanisms. To process spoken inputs from children and interact
with them through speakers [20] [21]. An output tiny communicates with children using
an i2’s audio amplifier and speaker. For movement it uses two legs but it also could
enable bipedal or multi legged movement. Its movement will help it to be physically
engaged with children while learning or communicating. Its body is super lightweight
and strong. Maintaining durability and lightweight we have used a 3D printed body.
It supports TINY’s power management and is handled by the battery charging module
paired with a battery, ensuring that tiny has a consistent and rechargeable power source
for continuous operation. For single cell lithiumion batteries, the tp-4056 is a linear
charger that operates at a fully constant voltage and current. The tp-4056 is a perfect fit
for portable applications because of its sop packaging and minimal number of external
components. Furthermore, the tp-4056 is compatible with both USB and wall adapters.
TINY’s interactive learning experience by allowing it to respond to physical touch. TINY
is envisioned as a versatile, interactive robot that can move, perceive, and interact with

children, enriching their educational experience [22] [23].
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4.2. FUNCTIONAL DESCRIPTION OF HARDWARE COMPONENTS

Display Sensor

Figure 4.1: Architechture framework of TINY

The image illustrates a highly detailed robotic figure, which appears to be an educational

robot equipped with various technological components.

4.2 Functional description of hardware components

e Raspberry Pi (Brain): A versatile single-board computer that serves as the brain
of the robot. It can run programs, process data, and control other components.
Function as the central processing unit, running the robot’s operating system and
educational applications. Using Raspberry Pi-5B for ample processing power and

memory.
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Figure 4.2: Raspberry Pi-5B details
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4.2. FUNCTIONAL DESCRIPTION OF HARDWARE COMPONENTS

e ESP32 (Microcontroller): Interfaces with sensors and actuators, handling low-

level control tasks. Employee’s a simpler programming environment suitable for
beginners.
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Figure 4.3: ESP32 Microcontroller details

e Servo Motors (Movement): Provide precise control over the robot’s limbs or
wheels for expressive movement and engaging interactions. Select a number of

servos based on desired mobility (e.g., walking, head movement, arm gestures).

Figure 4.4: Servo Motors

e Battery (Power Source): Choose a rechargeable battery with appropriate ca-
pacity for extended use. Consider incorporating a power management system for

efficient power consumption.

Figure 4.5: Battery (Power Source)
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4.2. FUNCTIONAL DESCRIPTION OF HARDWARE COMPONENTS

e Touch Sensors: Enhance interaction by detecting touches on the robot’s body.

Figure 4.6: Touch Sensors

e Microphone: Facilitate voice interaction or environmental sound detection.

Figure 4.7: Microphone

e Speaker: Audio output for interaction and responses.

Figure 4.8: Hoco HC14 Bluetooth Speaker
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4.3. TABLE OF COMPONENTS LIST WITH COST

4.3 Table of components list with cost

This table provides a concise overview of each component of TINY, including its specific

role and how it integrates into the robot’s system.

Component Price Specifications

(BDT)
Raspberry  Pi 5B | 15,000 8GB LPDDR4 SDRAM, Dual
(8GB) HDMI ports, USB 3.0
Raspberry Pi 5 Case | 1,000 Custom case with integrated cool-
with Cooling System ing fan
ESP8266 Wi-Fi mod- | 300 802.11 b/g/n, 32-bit Tensilica
ule Processor
4-inch LED display 4,000 800x480  resolution, HDMI

interface

Switch 50 Push-button, SPDT
Battery Management | 500 Supports 15/2S/3S Li-ion/LiPo
System
3D printed body 3,000 Custom design, PLA material
HDMI Converter 600 Micro HDMI to HDMI
Microphone for Rasp- | 500 Electret condenser,
berry Pi Omnidirectional
Sound Box 1,500 5W output, Bluetooth connect
Touch Sensor 150 Capacitive touch, TTP223
Humidity Sensor | 200 Humidity Range: 0-100%
(DHT22)
LiPo Battery | 1,200 2200mAh, 3.7V
(2200mAh)
1 Ohm Resistors 10 25C discharge rate
Servo Motors (4 units) | 2,000 +5°, SG90, 1.8kg/cm torque
Total 29510tk

Table 4.1: Table of components list with cost
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4.4. ECONOMIC FEASIBILITY: TINY VERSUS OTHER ROBOTS FOR ASD
SUPPORT

4.4 Economic Feasibility: TINY versus other robots
for ASD support

Here are the estimated prices of the other robots, converted to Bangladeshi Taka (BDT)

based on their approximate market value in USD.

Robot name | Price (BDT)

Milo 1,100,000 - 1,320,000
BDT

Moxie 164,890 BDT

NAO 825,000 - 990,000
BDT

QTrobot 825,000 - 990,000
BDT

Kiwi 132,000 - 165,000
BDT

Kasper 275,000 BDT

Jibo 1,00,000 BDT.

Otisma 1,100,000 - 2,200,000
BDT

TINY 29510 BDT

Table 4.2: Costlist of robots for ASD support

The cost feasibility of TINY compared to commercially available robots such as Milo,
Nao, and QTrobot highlights its affordability and potential for targeted functionality.
This makes TINY an economically viable option for ASD support in resource-limited
settings, where the high costs of international robots may be prohibitive. Its focus on
essential features tailored for children with ASD ensures value without unnecessary ex-

penses, enhancing accessibility for underserved communities.

4.5 Framework of software

TINY’s software architecture integrates voice command processing, robot movement con-
trol, and sensor data collecting by arranging a complex interaction between Raspberry
Pi and ESP. The operating system of choice, Raspberry Pi OS, offers a strong basis for
the software modules’ easy insertion and effective operation. TINY’s software architec-
ture epitomizes the synergy between innovation and inclusivity, harnessing the collective

intelligence of Raspberry Pi and ESP to engender transformative learning experiences for
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4.6. FUNCTIONAL DESCRIPTION OF SOFTWARE

children with ASD. Through the fusion of advanced speech recognition, NLP, and sensor

technologies, TINY transcends the boundaries of conventional human-robot interaction,

heralding a new era of personalized and immersive educational engagement. In the cru-

cible of Raspberry Pi OS, TINY emerges as a beacon of accessibility and empowerment,

illuminating the path towards a brighter future for children with ASD in Bangladesh and

beyond.
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Figure 4.9: Software Coding of TINY Robot

4.6 Functional description of Software

e Raspberry Pi for Voice Command Processing: Raspberry Pi serves as the

neural hub for interpreting and processing voice commands uttered by children

interacting with TINY. Harnessing the computational process of Raspberry Pi,

TINY’s software employs cutting edge speech recognition algorithms, including

Google’s Speech- toText, to accurately transcribe spoken input. The essence of

Natural Language Processing (NLP) permeates TINY’s voice command processing,

enabling it to decipher the nuances of human language and extract actionable com-

mands. Through sophisticated dialogue management frameworks like Dialog flow,

TINY engages in meaningful conversations with children, responding contextually

to their queries, and fostering interactive learning experiences.

o ESP for Robot Movement Control and Sensor Data Collection: ESP
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4.6. FUNCTIONAL DESCRIPTION OF SOFTWARE

emerges as the silent orchestrator behind TINY’s physical movements and sensory
perception. As the custodian of locomotion, ESP, whether powered by ESP8266 or
ESP32, executes precise motor control commands, dictating TINY’s graceful ma-
neuvers and ensuring fluid interaction with its environment. Beyond motor control,
ESP assumes the mantle of data aggregator, interfacing with an array of sensors
strategically embedded within TINY’s framework. Touch sensors, acting as tac-
tile receptors, relay invaluable feedback regarding children’s interactions, informing
TINY’s response mechanisms. Meanwhile, humidity sensors monitor ambient con-
ditions, empowering TINY with environmental awareness and adaptability. This
symbiotic relationship between ESP and sensors epitomizes TINY’s holistic engage-

ment with its surroundings, fostering enriched learning experiences.

e Raspberry Pi OS for System Management: At the nexus of TINY’s software
ecosystem resides Raspberry Pi OS, a veritable sanctuary for system management
and orchestration. Embracing a spectrum of libraries and software tools, Raspberry
Pi OS forms the bedrock upon which TINY’s software components converge and
coalesce. Within this fertile milieu, voice command processing, robot movement
control, and sensor data collection seamlessly intertwine, facilitated by the OS’s
robust multitasking capabilities. Realizing the vision of an adaptable and responsive
educational companion, Raspberry Pi OS empowers TINY with the computational
agility and resource optimization necessary to navigate the dynamic landscape of

child-robot interaction.

e Integration and Interoperability: TINY’s software architecture epitomizes har-
mony through integration, seamlessly fusing disparate components into a cohesive
whole. Voice commands, transmuted into actionable directives by Raspberry Pi,
trigger a cascade of responses orchestrated by ESP, culminating in fluid movements
and adaptive behaviors. Concurrently, sensor data, harvested by ESP from the
ambient environment, imbues TINY with environmental acuity, guiding its interac-
tions and responses. This intricate dance of software and hardware, facilitated by
Raspberry Pi OS, underscores TINY's efficacy as a versatile and responsive educa-
tional tool for children with ASD.

e Programming Languages: Widely used for Raspberry Pi programming due to

its simplicity and extensive libraries.
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Chapter 5

Overview of ASD

5.1 Classifications of ASD

Autism, also referred to as autism spectrum disorder (ASD), is a complex neurological
condition that affects the development of the brain. ASD is not a single condition but a

group of disorders that are all connected.

e [t is most commonly connected to difficulties with social relationships, ineffective

verbal or nonverbal communication, and behavioral issues.

e Some of these issues include repeated actions and narrowly focused interests. It is

predominantly seen in men, who are affected four times more than women.

e Cognitive and Functional Variations:Significant impairments in communication and

daily living.

e ASD affects multiple aspects of daily life, including social, educational, and occu-

pational functioning.
e ASD symptoms and their severity vary widely, forming a spectrum of conditions.
e Repeated actions and routines are characteristic traits of individuals with ASD.
e Individuals may exhibit unusual or challenging behaviors.

e Individuals with ASD often struggle with forming and maintaining social relation-

ships.
e Autism, or ASD, is a complex neurological disorder that affects brain development.

e Verbal and nonverbal communication difficulties are common in ASD.
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5.2. LIST OF ASD CENTER IN DHAKA

Table:The 5 main types of (ASD)

Type Characteristics Severity Diagnosis
Classic Significant challenges | Often  consid- | Typically diagnosed in
Autism in social interactions, | ered the most | early childhood.
(Autistic communication, and a | severe form on
Disorder) high level of repeti- | the spectrum.
tive behaviors and re-
stricted interests.
Asperger Difficulties in  so- | Considered a | Often diagnosed later
Syndrome cial interactions and | milder form of | in childhood, some-
repetitive behav- | ASD. times even in adoles-
iors, but without cence or adulthood.
significant delays in
language or cognitive
development.
Pervasive Individuals exhibit | Varies  widely, | Typically used when
Develop- some but not all of | from mild to | the full criteria for
mental Dis- | the characteristics | severe. classic autism or As-
order - Not | of classic autism or perger syndrome are
Otherwise Asperger syndrome. not met.
Specified
(PDD-NOS)
Childhood Normal development | Considered a | Typically occurs be-
Disintegra- | for at least the first | rare and severe | tween the ages of 3
tive Disorder | two years followed by | form of ASD. and 4.
(CDD) a significant loss of
previously  acquired
skills (language, so-
cial, and motor skills).
Rett  Syn- | Normal early develop- | Severe, primar- | Often diagnosed be-
drome ment followed by a |ily affecting | tween 6 months and 2
loss of purposeful use | girls. years of age.
of the hands, slowed
head growth, and in-
tellectual disability.

Table 5.1: Characteristics, severity, and diagnosis of different types of Autism Spectrum

Disorder (ASD).

5.2 List of ASD center in Dhaka

Some of the name of autism school and centers located in Dhaka.
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5.2. LIST OF ASD CENTER IN DHAKA

Table: List of ASD center in Dhaka

ASD Center Name | Location About

Bangladesh ABA | Uttara Serving since 2008. Offers a range

Centre for Autism of services including diagnostic eval-
uations, Applied Behavior Analysis
(ABA) therapy, speech and language
therapy, sensory integration therapy,
and vocational training.

CS Care Mirpur Established in 2012, provides speech
and language therapy, occupational
therapy, and physiotherapy.

Angel Care Founda- | Tajmahal Found in 2009. Welfare foundation for

tion Road, Moham- | children with intellectual disabilities or

madpur other neurodevelopmental disabilities.

Banasree D. S. L | Banasree For children with disabilities: autistic,

School hearing impaired, Down syndrome, de-
layed speech, hyperactive.

Bangladesh Therapy | Shekhertek, Provides quality intervention and re-

& Rehabilitation | Mohammad- habilitation services for children with

Foundation (BTRF) | pur autism and other disabilities.

Basundhara Special | Hasnabad, Located in Bashundhara Riverview

Children Foundation | South Project, this foundation provides ed-

(BSCF) Keranigonj ucation and therapy for children with
autism and other disabilities.

Blessing Child Spe- | Aftabnagar, Formed in 2018, this school offers spe-

cial School (BCSS) Badda cialized education and therapy for chil-
dren with autism and other disabilities.

Child Education Cen- | Zigatola A treatment-based home and school

ter (CEC) for the rehabilitation of children with
autism.

CHILD Foundation Gulshan 2 Established in 2016. This nonprofit or-

ganization provides services and advo-
cacy for individuals with special needs,
including autism.

Angels of Heaven

Uttar Adabar

Preschool and autism care center with
general medical checkups.

Autism Welfare

Foundation

Shamlapur,
Keraniganj

Established in 2004. Its aim is to edu-
cate children to perform to their maxi-
mum potential and create awareness in
society.

Table 5.2: List of ASD center in Dhaka
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5.3. THE BLUE BIRD ASD CENTER

5.3 The Blue Bird ASD center

For our survey, we visited a school located in Baridhara named Blue Bird Special School,
an organization that specializes in teaching and treating kids with autism spectrum dis-
order (ASD). Established on June 6, 2016, the center is a non-profit private institution

dedicated to meeting the various needs of kids with autism spectrum disorders.

Figure 5.1: Blue Bird Foundation ASD center

The purpose of the visit was to gain a firsthand understanding of the experiences of
children with Autism Spectrum Disorder (ASD) and the supportive environment provided
by Blue Bird Special School. During the visit, we acquired significant insights into the
struggles of ASD children.

Figure 5.2: Classroom of Blue Bird ASD center

Blue Bird Special School accommodates approximately 50 students, each receiving in-
dividualized attention with a teacher-student ratio of 1:1. The school’s principal, Ms.
Shahana Karim, provided an overview of the center’s approach to supporting children
with ASD. As every child is unique and their problems are also different so each of them
are provided with different therapies. During our discussions, we gained valuable insights
into the diverse needs and challenges faced by children with ASD. She emphasized the
importance of individualized education plans tailored to each child’s strengths, needs,
and preferences. Ms. Karim also highlighted the significance of early intervention and
the role of specialized therapies in promoting skill development and independence among
ASD children. Following the discussions, Ms. Karim kindly led us on a tour of the class-

rooms, where we observed firsthand the learning activities and interactions taking place.
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5.4. DIFFERENT WORLD FOUNDATION

The classrooms were divided into three types, each catering to children at different levels
of functioning. In each classroom, we witnessed dedicated teachers engaging students
in a variety of educational and therapeutic activities. The atmosphere was nurturing
and supportive, with a focus on promoting social interaction, communication skills, and
sensory integration. Teachers employed various strategies and interventions to meet the

unique needs of each child, fostering a sense of belonging and empowerment.

5.4 Different World Foundation

Different World Foundation (DWF) ASD center, established in Dhaka in 2010, is dedi-
cated to providing comprehensive support for children with Autism Spectrum Disorder
(ASD) and related neurodevelopmental challenges. Since its inception, DWF has aimed
to improve the quality of life for children with ASD through tailored therapeutic inter-
ventions and educational programs. The center offers a wide range of services, including
Applied Behavior Analysis (ABA), speech and language therapy, occupational therapy,
sensory integration therapy, and social skills development programs. DWF emphasizes
a family-centered approach, providing training and counseling for parents to equip them
with strategies for supporting their children at home. The foundation is staffed by a team
of skilled professionals committed to fostering an inclusive and supportive environment,
helping each child achieve greater independence, communication, and social engagement.
Over the years, DWF has become a respected resource in Dhaka, helping many families

navigate the complexities of ASD with compassion and expertise.

Figure 5.3: Classroom of Diffrent World Foundation

During our visit to the Different World Foundation ASD Center, we were impressed by the
center’s commitment to supporting children with Autism Spectrum Disorder (ASD) and
their families. The facility features well-equipped classrooms designed for individualized
learning, therapeutic rooms for speech and occupational therapy, and a calming sensory
room to help children with emotional regulation. We observed engaging interactive ses-

sions that promote social skills and witnessed dedicated therapists working closely with
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5.5. SECTORS FOCUSED FOR THE TREATMENT OF ASD

the children. The center also provides valuable resources for families, including support
groups and educational workshops. The Different World Foundation ASD Center plays
a crucial role in the lives of children with ASD and their families. By providing special-
ized education, therapeutic interventions, and a supportive community, the center fosters
growth and development while helping families navigate the challenges associated with
autism.Overall, the visit highlighted the profound impact the Different World Foundation
has in fostering a nurturing environment that empowers children with ASD and enhances

their quality of life. The survey report explores the potential impact and challenges of

Figure 5.4: Guardian being surveyed about the use of robotic technology for ASD therapy

using the TINY tutor robot as an educational tool for children with Autism Spectrum
Disorder (ASD) in Bangladesh. The robot is designed to provide personalized learning
experiences and social interaction opportunities, supporting their educational, social, and
emotional development. Most respondents expressed positive attitudes towards the use of
the robot, but some expressed concerns about its limitations, accessibility, affordability,
and technical support. The ASD center emphasizes the importance of customizing the
robot to suit the unique needs and preferences of children with ASD. Our robot TINY
is suitable for high functioning ASD children as they may benefit from interaction with
educational robots due to their strong cognitive abilities. Interest in technology and

structured interactions may also make robots more appealing.

5.5 Sectors focused for the treatment of ASD

e Behavior Solutions- Different World Foundation and Blue Bird Special School
recognizes the importance of addressing behavioral challenges that may arise in chil-
dren with ASD. Through evidence-based interventions and individualized support
plans, the school aims to help students develop appropriate behaviors and coping

strategies.
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5.5. SECTORS FOCUSED FOR THE TREATMENT OF ASD

e Speech and Communication- Many children with ASD experience difficulties in
speech and communication, ranging from delays in language development to chal-
lenges in social communication. Provides targeted speech therapy and communica-

tion support to help students improve their verbal and nonverbal communication

skills.

e Social Skills- Social interaction can be a significant challenge for children with
ASD, who may struggle to understand social cues and engage in reciprocal commu-
nication. The school focuses on teaching social skills, fostering peer interactions,

and promoting friendship-building among students.

e Sensory Solutions- Sensory sensitivities are common among individuals with
ASD, who may experience heightened or diminished responses to sensory stimuli.
Those ASD centers offers sensory integration therapy and accommodations to help
students regulate their sensory experiences and participate fully in their learning

environment.

¢ Executive Functions and Motor Skills- In addition to addressing sensory sensi-
tivities, recognizes the importance of supporting motor development and coordina-
tion in children with ASD. Many children with ASD may initially struggle with fine
and gross motor skills, including difficulties with hand-eye coordination, grasping

objects, and performing coordinated movements with their hands and legs.

e Through targeted sensory- Different World Foundation and Blue Bird Special
School utilizes motor integration therapy and occupational therapy interventions
to support children with Autism Spectrum Disorder (ASD) in developing essential
motor skills. These therapies are designed to enhance proprioception, balance,
coordination, and motor planning, providing children with tools to improve control
and confidence in their movements. By addressing motor-related challenges, the
school aims to foster greater independence and proficiency in physical activities,

enabling students to engage more effectively with their environment.

e Mental Health and Anxiety- Children with ASD are at an increased risk of ex-
periencing mental health challenges, including anxiety and depression. Those ASD
centers prioritizes mental health support, offering counseling services and strategies

for managing anxiety and promoting emotional well-being.

e Self-Care- Independence in self-care tasks, such as personal hygiene and daily
living skills, is a crucial aspect of ASD education. The school focuses on teaching
self-care. skills and fostering independence to help students gain confidence and

autonomy in their daily lives.
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5.5. SECTORS FOCUSED FOR THE TREATMENT OF ASD

e Dealing with Transitions- Transitions can be particularly challenging for chil-
dren with ASD, who may struggle with changes in routines or environments. Those
ASD centers provides support and strategies for managing transitions effectively,

helping students navigate change with greater ease and confidence.
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Chapter 6

Dataset

6.1 About questionnaire

The objective of the survey was to gather insights from teachers and guardians of ASD
children regarding the use of robots in ASD therapy in Bangladesh. The key survey

questions were:

e Awareness of robotic technology for ASD- To see how familiar teachers and
guardians of ASD children are with the existence and applications of robots designed
to assist with ASD therapy. Understanding the level of awareness helps identify gaps
in knowledge and the need for educational campaigns to inform stakeholders about

technological advancements.

e Experience with ASD robots in Bangladesh- This examines whether teachers
and guardians have encountered or used robots specifically designed for ASD ther-
apy within Bangladesh. This information can provide insights into the penetration

and practical application of robotic technology in local ASD therapy settings

e Perceived benefits- This point focuses on understanding what respondents believe
are the potential advantages of using robots for ASD therapy. It categorizes the
expected benefits, such as reducing anxiety levels, enhancing interest in educational
activities, improving social and communication skills, and other perceived positive

outcomes.

e Decision-making factors- To identify the key factors that influence the decision
to adopt and use robots for ASD therapy. It includes considerations such as the
proven effectiveness of robots from research studies, support from government or
educational institutions, availability of funding and resources, and other relevant

factors.
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6.2. SURVEY RESULTS

e Desired features- Outlines the specific features that respondents believe should
be included in robots designed for children with ASD in Bangladesh. It highlights
the importance of features like the ability to modify procedures for individual re-
quirements, communication abilities, speaking the local language (Bangla), and

engaging the children through entertainment.

e Implementation challenges- The potential obstacles and challenges that might
arise when implementing the use of robots for ASD therapy. It considers issues
such as financial constraints, technical support and maintenance, resistance to new

technology, and other practical challenges that could affect successful deployment.

e Additional features or modifications- Respondents’ recommendations for any
further features or adjustments that would improve robots’ ability to meet the
requirements of kids with ASD. It aims to collect ideas for improving and tailoring

the technology to better suit the specific requirements of the target population.

6.2 Survey results

In this section, we present the findings from our survey.

Figure 6.1: Awareness of robot developed for communicating with ASD children

This figure illustrates the awareness level among respondents regarding the existence of
robots developed specifically to communicate with children with Autism Spectrum Dis-
order (ASD). The data is presented in a pie chart format, which shows a minority of
respondents (parcentage of 30) are aware that such robots exist and a majority of re-
spondents (parcentage of 70) are not aware of the existence of these robots.This indicates
that there is a significant lack of awareness among the surveyed population about the

technological advancements available for ASD therapy.
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Figure 6.2: Perceived Benefits of Robots for Children with Autism Spectrum Disorder
(ASD) in Bangladesh

This figure summarizes the perceived benefits that robots can provide to children with
ASD as identified by the respondents. The chart demonstrates that the most commonly
perceived benefits are related to anxiety reduction and increased engagement in education,

while fewer respondents focus on social and communication skills improvement.

Proven effectiveness from research studies
Support from government or educational institutes
Availability of support, funding or resources from government or educational institutions

others

R TG
Figure 6.3: Factors influencing the decision to use robots for ASD children in Bangladesh

This figure presents a bar chart depicting the various factors that influence the decision
to utilize robots for children with Autism Spectrum Disorder (ASD) in Bangladesh. The
chart identifies the following key factors:

e Proven effectiveness from research studies: Highlighted by a substantial num-
ber of respondents as a critical factor, indicating the importance of evidence-based

validation for the adoption of robotic technology.
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6.2. SURVEY RESULTS

e Support from government or educational institutes: This factor is empha-
sized by many respondents, showcasing the need for institutional backing and en-

dorsement.

e Availability of support, funding, or resources from government or edu-
cational institutions: A significant number of respondents consider this crucial,
indicating that financial and resource support is essential for the implementation

of robotic solutions.

e Others: A smaller number of responses fall into this category, covering additional

unspecified factors.
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Figure 6.4: Recommended features for a robot designed for ASD children in Bangladesh

This figure displays a combination of a bar chart and a percentage breakdown of the
recommended features for robots designed to assist ASD children in Bangladesh. The

recommended features are:

e Ability to modify procedure for individual requirements ( parcentage
of 80): The most highly recommended feature is the ability for robots to adapt

procedures to meet individual needs.

e Able to communicate ( parcentage of 70): A substantial percentage of re-

spondents prioritize the robot’s ability to communicate effectively.

e Ability to speak Bangla (parcentage of 60): More than half of the respondents
highlight the importance of the robot being able to speak the local language, Bangla.

e Ability to entertain and attract their minds (parcentage of 45): Less crit-

ical but still important is the robot’s ability to entertain and engage the children.
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6.2. SURVEY RESULTS

This figure illustrates the importance of customization, communication, and cul-

tural relevance in the design of robots for ASD therapy.

Lack of awareness of robotics technology B (0%}

cultural barriers to acceptance B (BO%)

T (7o)

limited availability of appropriate technology
financial constraints 7 (7%

Others

Figure 6.5: Potential Challenges in Implementing Robots for Children with Autism in
Bangladesh

The above figure shows the challenges that may arise if robots are implemented on the
autistic children. These include- lack of awareness among people about robotics technol-
ogy and the number is huge, cultural barriers, very limited accessibility to the technology
needed for this purpose and finally and most importantly financial constraints as huge

budget is required to implement this successfully.

Effectiven

Figure 6.6: The effectiveness of robots in improving autistic children’s social skills

This above figure shows how a robot might be effective if any at all in this area. As this
is a sensitive issue, so most of them think that a robot may not be as useful for these
type of children and are not capable of handling these children with special needs. Still

some are positive towards this initiative and hope for the betterment in the future.
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Chapter 7
Discussion

One of the key objectives of TINY is to facilitate the learning process for ASD chil-
dren by providing them with a consistent and patient learning companion. Traditional
educational environments can be challenging for children with ASD due to sensory sensi-
tivities and difficulties in social interaction. TINY addresses these challenges by offering
a controlled, predictable, and non-judgmental environment where children can learn at
their own pace. Research has shown that children with ASD can significantly benefit
from repetitive, structured learning experiences, and TINY excels in delivering these.
The robot can introduce, reinforce, and practice various educational concepts, such as
numbers, colors, shapes, and social skills, in a way that is both engaging and accessible.
Moreover, TINY’s ability to provide immediate and appropriate feedback helps to rein-
force positive learning behaviors and build confidence in the children. While TINY offers
significant benefits, the project also faces several challenges. Ensuring the robot’s adapt-
ability to the wide range of ASD symptoms and individual learning needs is complex and
requires ongoing research and development. Additionally, integrating TINY into existing
educational frameworks and gaining acceptance from educators and parents are critical
factors that will influence the robot’s long-term success.

Future developments may include expanding TINY’s capabilities to address more diverse
educational needs, incorporating advanced artificial intelligence for even more personal-
ized learning experiences, and developing cloud-based platforms for real-time data anal-

ysis and progress tracking.
How TINY Stands Out

TINY is unique in its affordability, localization, and focus on the Bangladeshi context.
While the NAO robot and other systems demonstrate effectiveness in ASD therapy,
their high costs and lack of regional adaptability limit their feasibility in countries like
Bangladesh. TINY’s incorporation of Bangla voice interaction,low-cost components, and

experimental validation with local children and guardians makes it a promising tool to
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7.1. ASSESSMENT OF EXTENDED IMPACTS ON CHILD-ROBOT
INTERACTION

address ASD challenges in resource-constrained settings.

7.1 Assessment of Extended Impacts on Child-Robot

Interaction

The participants’ movements of their hands and arms, as well as how they looked at the
robot, the game, and any other individuals present, were all noted. The data revealed
that there was no appreciable decline in the kids’ interest in or involvement with the
robot or game. Conversely, there was a change in focus toward giving the parents of the
children greater consideration and involvement. Furthermore, relatively little research
has been done on these three problems. There isn’t any concrete research on how well
robots train Children with ASD (CwASD) in place of qualified instructors or trainers. We
anticipate that future investigators wishing to focus on different aspects of robot-assisted

CwASD training would find this material useful as a guide.

Attention Motion

Child-Robotll

M nteraction

Socialization

Figure 7.1: Child-Robot Interaction (CRI) aspects

TINY, an educational robot for Bangladeshi children, has the potential to make learn-
ing engaging and accessible. It can answer questions in Bangla and support the local
school curriculum. However, it needs to understand a wider range of local dialects and
regularly update its content. Enhancing interactivity with games and culturally relevant
material could make learning more enjoyable. To achieve widespread adoption, it should
be affordable, ensure user privacy, and be designed to be attractive and engaging. The
project required expertise in technology, education, linguistics, and a deep understanding
of children’s learning experiences. The objective was to create an intriguing robot that

was affordable and accessible to a wide range of children.
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7.2. EXPERIMENTAL DESIGN AND USER DATA

7.2 Experimental design and user data

The project is dedicated to enhancing the interaction model of TINY, a robot designed
to engage children with autism spectrum disorder (ASD) in Bangladesh, by following an
iterative development process. During the pilot testing phase, sessions were conducted
with a small group of children (10-15) aged 6 to 10, all diagnosed with high-functioning
autism, recruited from an ASD therapy center in Dhaka, Bangladesh. The aim was to
evaluate the robot’s usability and effectiveness. Parents and educators of the children
were thoroughly informed about the study’s purpose, and formal consent was obtained

for their participation.

To ensure that the testing environment was familiar and comfortable for the children,
reducing potential anxiety or environmental distractions, the experiment took place in
the participants’ usual guidance or counseling classroom. Experts consulted for the study
emphasized that such a familiar setting would help maintain natural responses. Addi-
tionally, two cameras were strategically positioned in different locations to capture the
procedure, facilitating a comprehensive review of the interactions and outcomes. The
robot was set up on the classroom desk sitting to the left of the robot, a research as-
sistant helped handle unforeseen situations. A counselor escorted the child to the front
of the robot as soon as the participant entered the classroom. By starting up a friendly
discussion, the counselor helped the child feel less odd and more at ease in the new sur-
roundings. Only when it was determined that the child’s circumstances and emotions
were appropriate for the trial was the experiment carried out. To find out if the autistic
child’s behavior changed before and after engaging with the robot, an interview with the
adviser of the child was done at the conclusion of each trial phase. The robot interaction
involves greetings and self-introductions, aiming to understand children’s participation
in learning tasks. Physical instructions are included to assess children’s participation in
physical actions. The robot then leads children in singing, focusing on their development
and involvement in verbal interaction [18]. Feedback from participants, caregivers, and
educators is used to identify strengths and weaknesses. The model is then refined and
enhanced through an iterative development cycle, collaborating with interdisciplinary
teams to ensure cultural and linguistic relevance. The study will evaluate the impact
of TINY on social communication skills, engagement, and learning outcomes of the chil-
dren. The intervention will be delivered over a period of 1 week, with regular sessions
lasting 1 hour each for interaction and engagement. User-centered design principles are
applied throughout the process, prioritizing the needs, preferences, and feedback of chil-
dren, caregivers, and educators. User data is collected from 8 children diagnosed with
ASD in Bangladesh.

The participants were aged 5-6, 7-8, and 9-10 years old.
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7.3. RESULT AND ANALYSIS

Serial No. Age
Range

5-6 years
7-8 years
9-10 years
10-12 years

=W N =

Table 7.1: Age Range of ASD Children

Serial Interaction Criteria
No.

1 Attention

2 Eye Contact

3 Physical Interaction

4 Conversational Content

Table 7.2: Criteria for the interaction of ASD children with TINY

TINY was used to facilitate communication initiation and response behaviors, leading to
improved verbal and non-verbal communication. TINY also elicited positive emotional
responses from many participants. Parents/caregivers reported positive experiences with
TINY, noticing improvements in their children’s engagement and communication skills.
However, some parents faced challenges related to sensory sensitivities or attention dif-
ficulties. Parents/caregivers suggested potential enhancements to TINY’s design or pro-
gramming to better meet the needs of children with ASD. Overall, the interaction study’s
findings point to TINY’s potential use as a teaching and therapeutic aid for Bangladeshi
children with ASD diagnoses. In a variety of cultural and language contexts, TINY has
the potential to improve the socialization and educational experiences of children with
ASD by promoting engagement, the development of communication skills, and positive
emotional reactions. In order to maximize TINY’s design and programming for optimum
efficacy and usability in meeting the needs of children with ASD and their families, more

research and development initiatives are being conducted.

7.3 Result and Analysis

In recent years, there has been an increase in the use of robotics technology in educa-
tion and intervention for children with autism spectrum disorder (ASD). To fully reap
the benefits of robot assisted treatment, a number of research difficulties and hurdles
still need to be resolved. Children diagnosed with Autism Spectrum Disorder (ASD)
exhibit constrained, repetitive patterns of behavior, such as stereotyped or repetitive mo-
tor movements or routine involvement, and functional impairment in social interactions
and communication across settings. They struggle to read facial expressions, maintain

eye contact, communicate their own emotions, and comprehend those of others. Owing
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7.4. THE ADVANTAGES OF INTERACTING WITH A ROBOT FOR THOSE
WITH (ASD) AUTISM SPECTRUM DISORDERS

to these constraints, medical and educational personnel usually find it difficult to inspire
and include children with ASD in therapy and academic endeavors. It is crucial to engage
in a variety of social, recreational, educational, and therapeutic activities in order to get
the information required for intellectual and social development.

The interaction study with children diagnosed with autism spectrum disorder (ASD) in
Bangladesh found that TINY, a technology, facilitated engagement, communication skills
development, and positive emotional responses. Some children showed active participa-
tion, while others displayed passive or limited engagement. The study suggests that
TINY’s design and programming may influence the level and nature of engagement ob-
served in children with ASD. TINY’s interactive features and responsive feedback have
contributed to the observed improvements in communication skills. Positive emotional
responses were observed in many participants, indicating its potential as a therapeutic
tool for promoting socialization and emotional well-being. Parents and caregivers re-
ported positive experiences with TINY, but some reported challenges related to sensory
sensitivities or attention difficulties. Demographic data revealed potential age and gender
differences in engagement levels and interaction patterns. For example, smaller children

showed more engagement than older children.

Figure 7.2: Group Photo of ASD Students, Educators, robot TINY

7.4 The advantages of interacting with a robot for
those with (ASD) Autism Spectrum Disorders

The two primary criteria for autism are repetitive behaviors and limited interests on the
one hand, and poor social interaction and communication on the other. Both symptoms
can be addressed by the robot: its application with autistic individuals is often focused on
enhancing communication abilities and decreasing repetitive habits. As a result, thera-

pies target specific behaviors like learning acceptable actions and decreasing maladaptive
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WITH (ASD) AUTISM SPECTRUM DISORDERS

behaviors (such as anxiety and stereotyped behaviors) in addition to communication and
social interaction issues. Depending on the goal, three different kinds of interventions
can be identified: robots can encourage social interaction and communication, which can
help people learn particular behaviors, like recognizing emotions, and they can also lessen

the prevalence of behaviors that are considered maladaptive, like anxiety and repetitive

behaviors.

Student

Teacher/
Therapist

Teacher/
Therapist

Robot
Instructor

Figure 7.3: Interaction between an ASD student and robot TINY
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WITH (ASD) AUTISM SPECTRUM DISORDERS

Table: Benefits of robots in fostering communication and social interaction in
individuals with ASD:

Student Age Syndrome | Section (Social Be- | Effect Duration of
(Years) haviors) of Robot In-
Robot | tervention
(minutes)
Student 1 | 4 Classic Touch Positive | 10
Autism
Student 2 CDD Eye-gaze Negative | 5
Student 3 PDD Communication (fa- | Positive | 10-15
cial expression)
Student 4 | 7 Asperger Eye contact Negative | 5
Student 5 | 9 Asperger Interaction initiation, | Positive | 20
Communication (ver-
bal)
Student 6 | 11 Rett Syn- | Engagement time Negative | 5
drome
Student 7 | 11 Classic Spontaneous touch Negative | 5
Autism
Student 8 | 12 Asperger Communication (ver- | Positive | 10
bal)
Student 9 | 13 PDD Eye contact Negative | 5
Student 10 | 16 Asperger Communication (fa- | Positive | 15
cial expression and
verbal)
Student 11 | 5 Classic Touch Positive | 8
Autism
Student 12 | 6 PDD Eye-gaze Negative | 5
Student 13 | 8 Asperger Interaction initiation | Positive | 12
Student 14 | 8 Rett Syn- | Communication (ver- | Negative | 5
drome bal)
Student 15 | 10 CDD Engagement time Positive | 10
Student 16 | 10 Classic Spontaneous touch Negative | 5
Autism
Student 17 | 11 Asperger Communication  (fa- | Positive | 10
cial expression)
Student 18 | 12 PDD Eye contact Negative | 8
Student 19 | 14 Classic Interaction initiation | Positive | 10
Autism
Student 20 | 14 Asperger Communication (fa- | Positive | 15
cial expression and

verbal)

Table 7.3: Benefits of robots in fostering communication and social interaction in indi-

viduals with ASD
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7.5. POST-SURVEY ANALYSIS

7.5 Post-Survey Analysis

Table: The table of Interest and Social Interaction of a Child with TINY:

Question Categories Positive Negative
response | response

Enjoyed Learning 2 6

Comfortable Talking to | 1 7

TINY

Would Like to Talk Again | 3 5

Thinks TINY as a Friend 2 6

Table 7.4: The table of Interest and Social Interaction of a Child with TINY

Interest and Social

Thinks TINY as a
Would Like to Talk

Comfortable Talking to -

Enjoyed

o

1 2 3 4 5 6 7

® Negative " Positive

Figure 7.4: Interest and Social Interaction of a Child with TINY

The result of Follow-Up Questions to Guardians:

Follow-Up Questions to Guardians

kil

Positive response Negative response No change

m Any Noticeble Changes
Shown Increased Interest after using TINY

m Describe their Experience with TINY to their Guardian

Figure 7.5: Follow-Up Questions to Guardians
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7.6. FEATURE COMPARISON: TINY VS. LEADING EDUCATIONAL AND
ASSISTIVE ROBOTS FOR CHILDREN

7.6 Feature Comparison: TINY vs. Leading Educa-
tional and Assistive Robots for Children

The comparative feature analysis of TINY and other leading educational robots, such as
Milo, Moxie, Kasper, Otisma, Jibo, Kiwi, NAO, and QTrobot, highlights the strengths
and limitations of each. While TINY is designed specifically for children with Autism
Spectrum Disorder (ASD), focusing on affordable, tailored therapeutic interaction, other
robots like Milo and QTrobot also provide specialized therapy for ASD but at significantly
higher costs. Robots like Jibo and Kiwi, while offering general social interaction and edu-
cational engagement, lack the ASD-specific features that make TINY and its counterparts
more suited for therapeutic settings. NAO and Moxie, known for their broader educa-
tional applications, feature advanced Al but come with a steep price tag, making them
less accessible for all users. The analysis reveals that TINY offers a cost-effective solution
with a focus on essential features, while more expensive robots provide more advanced
functionalities but may not be practical in resource-constrained environments.

Overall, TINY provides a focused, affordable solution for children with ASD, while other
robots may offer a broader range of capabilities but are generally less accessible due to

higher costs or lack of targeted features for ASD-specific therapy..
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7.6. FEATURE COMPARISON: TINY VS. LEADING EDUCATIONAL AND
ASSISTIVE ROBOTS FOR CHILDREN

Robot Primary Features

name

TINY Designed for children with | Customized interaction models for
Autism Spectrum Disorder | ASD therapy. Usability-focused
(ASD) to improve interac- | design for high-functioning autistic
tion and learning through | children. Cost-effective and targeted
tailored educational models. | for low-resource settings.

Milo Supports social and emo- | Advanced facial expressions and
tional learning for ASD chil- | conversational capabilities. Tracks
dren. emotional responses in children.

Highly interactive and curriculum-
integrated software.

Moxie General emotional and so- | Al-powered empathy training. Daily
cial learning for children. social-emotional lessons. General-

ized interaction not specifically tai-
lored for ASD.

Kasper Interactive learning for chil- | Simplified design and interaction
dren with ASD. style. Focus on turn-taking, commu-

nication, and basic social skills. De-
signed for controlled, therapy-based
environments.

Otisma A versatile humanoid robot | High mobility and operational au-

(Tesla for various industrial and | tonomy.  Capable of performing

Optimus) | personal tasks (not ASD- | physical labor and household tasks.
specific). Expensive and not tailored for ther-

apeutic applications.

Jibo General-purpose social | Limited conversational and social in-
robot teraction capabilities. Designed for

family and home use rather than
therapy. No specific features for
ASD therapy.

Kiwi Educational robot focused | Engages children in programming

on STEAM learning. and interactive learning. Not ASD-
specific but promotes cognitive de-
velopment. Primarily used in edu-
cational environments.

NAO Multi-functional humanoid | Robust programming for ASD ther-
robot used in research, ed- | apy and education. Expressive and
ucation, and therapy. interactive communication.  Cus-

tomizable software for diverse appli-
cations.

QTrobot Specifically  designed for | Simplified and expressive design to
ASD therapy. engage ASD children. Preloaded

with autism therapy programs.
Easy for therapists and caregivers to
operate.

Table 7.5: Comparative Feature Analysis of TINY and Leading Educational Robots

Page 50 of




Chapter 8

Future Work and Conclusion

In the field of educational robotics, it showcases a promising avenue to foster children’s
development, especially with the introduction of robots like TINY. It underscores the
ability for these robots to engage children actively in educational activities specially
children with special cases, such as learning difficulty. TINY with its foundation in
teaching, inspiring, epitomizes the progressing landscape of educational tools that focuses
on enhancing the interest in reading and developing skills at an early age. Tiny is a low-
cost interaction robot that was created as an accessible and reasonably priced way to help
Bangladeshi children who suffer from autism spectrum disorder (ASD). This revolutionary
gadget combines interactive elements and Bangla language support to meet the unique
requirements of youngsters in the area who have ASD. The robot’s versatile settings
and user friendly interface are intended to support social interaction, communication,
and learning experiences that are customized to meet the specific needs of every child.
This robot aims to close the accessibility gap to assistive technologies for Bangladeshi
children with ASD, thereby promoting inclusion and improving their quality of life. It
does this by utilizing open-source platforms and low-cost technology. It is essential to
include augmented reality characteristics like multisensory integration, customization,
and immersive experiences. TINY is developed to help therapists during therapy sessions
with children who have autism. In general, the field of robot-assisted therapy holds great
potential for the use of intelligent social robots, particularly in helping children with
ASD meet their educational and therapeutic goals, such as developing their social and
emotional skills, their ability to communicate and interact with others, their cognitive
abilities, their motor skills, and their sensory perception. We hope that the difficulties

will shortly be resolved by skilled interdisciplinary cooperation.
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Chapter 9

Appendix

Questionnaire

10.

11.

12.

Learning and Cognitive Skills:

. Can you count with me?

. What sound does a cat make?

Emotions and Social Skills:

. What makes you feel happy?

How do you feel right now?
Can you blink your eyes?

What can you do if a friend is sad?

. What do you do when you feel upset?

Communication and Social Interaction:

. What do you say if someone gives you a gift?

How can you ask for help?
What do you say when you meet someone new?
Can you tell me about something fun you did today?

What do you say if someone says hello?
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Extra Question:

e Are you happy today?

e What makes you smile?

e Do you feel calm now?

e What did you do today?

e Do you like playing or drawing?

e Is it time to rest now?

e Can you count to five with me?

e What color is your shirt?

e Do you know the name of this animal?
e Do you want to play a game or listen to a story
e Which one do you like—blue or red

e Should I walk or raise my hand?

e Do you like this sound?

e Is the light too bright for you?

e Do you like to watch the stars?

e Let’s walk together! Can you follow me?
e Can you raise your hand when I say go?
e What’s your favorite toy?

e Do you feel safe here?

e Shall we take deep breaths together?
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e Would you like to sit and relax?”
e How can we make a friend feel happy?

e What should you do if you feel sad?

* Survey Question Form
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