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a Smarter World with Al
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This talk explores how today’s youth—often introduced to Al through
everyday tools like social media filters—can grow into tomorrow’s
innovators, using artificial intelligence to solve real-world challenges.
Designed to inspire and inform, the session highlights the accessible entry
points into Al, the transformative potential it holds across industries, and
the crucial role young minds will play in shaping an inclusive, intelligent
future.

Exploring Unconventional Computing: experiments in biological
computing

Dr. Edward Braund

Head of School of Computer Science & Technology,
University of Bedfordshire

Ed’s research examines the information processing abilities of biological
systems to develop bio-processors, sensors, and actuators. A core focus
of his work is to create prototypes that are fit for deployment outside of
the laboratory and in the real world. Currently, Ed is exploring the
challenges and benefits that biotechnologies may bring to fields that
demand minimal or reduced human intervention. This talk will explore
Ed’s work and look at the future of computing

Intersection of capitalism and sustainable future
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CEO and Co-Founder of Hyperglade

Kalana will be talking about how digital innovation has paved the way for
better systems. The presentation will highlight the Gaps in Legacy
Financial systems and how Fintech are filling in, room for growth in the
current economic landscape. Also extend to discuss the Intersection of for
profit models in social enterprises to create an impact on society
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Adaptive Multi-model Machine-Learning and
Al Systems for Strengthening the Emotional
Well-being of Children with Trisomy 21

M.L.D.C. Balasuriya

Department of Computer Science and Technology of
Computing
University of Bedfordshire, United Kingdom

dilshanicbalasooriyal5@gmail.com

Abstract- This research study demonstrates a web application
designed to strengthen children's cognitive skills and
emotional well-being with Trisomy 21, utilizing interactive
and tailored tools. Trisomy 21 is a chromosomal anomaly
caused by an extra copy of the 21% chromosome, which affects
a child's cognitive development. Despite the technological
evolution, a significant gap persists in accessibility and
multimodal approaches that meet the unique needs of
children with Trisomy 21. The main objective of the research
study was to develop a multi-model web-based application,
“Mockley kids,” customized for children with Trisomy 21 that
helps to enhance their cognitive skills and emotional well-
being. The developed system integrated an artificial
intelligence (AI) powered voice assistance to enhance
communication, and learning, an emotion-based music
recommender to enhance emotional well-being and provide a
calm and uplifting environment, a text-based bot to enhance
literacy skills and communication, and interactive games
“Who am I?”, “Tic-tac-toe”, “Simon-says” to increase
attention span, decision making, which are tailored to
enhance their cognitive skills and emotional well-being. The
development and implementation of this project follows a
structured process aligned with Agile project methodology.
To evaluate the “Mockley kids” system’s impact on children
with Trisomy 21, 16 children who were diagnosed with
Trisomy 21 engaged with the system for 20 minutes for a
week, under the supervision of 8 professionals, including 3
speech therapists, 3 occupational therapists, and 2 educators.
Overall results show that the children were excited to
integrate with the system and enjoyed the system. Both the
professionals and the parents stated that they had evident
noticeable improvements in cognitive abilities, including
enhanced communication, memory recall, enhanced attention
span, and improvements in emotional well-being.

Keywords- Trisomy 21, Assistive Technology, Artificial
Intelligence (AI), Cognitive development, Emotion-based
music recommender

LINTRODUCTION
Trisomy 21, also known as “Down syndrome,” is a
common genetic disorder caused by a chromosomal
anomaly that leads to intellectual disabilities and
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developmental delays [1]. Children with Trisomy 21 often
face diverse challenges, including communication, social
engagement, and emotional challenges. Eddaoudi et al.
have pointed out the psychological, familial, and social
challenges experienced by the parents of children with
Trisomy 21 [2], and Er-rida et al. highlighted the
challenges faced by parents of children with Trisomy 21
while providing education to their children at different age
levels [3], emphasizing the need for tailored and more
inclusive support beyond clinical support.

Even though technological transformation provides
different innovative tools to improve learning,
communication, and emotional engagement for children
with intellectual disabilities, Shahid et al. highlight the gap
in tailored applications for individuals with special needs,
pointing out the need for further research on emerging
technologies [4]. Fritz et al. highlight how technology
enhances the independence of children with Trisomy 21
and helps families adapt to support their daily functions [5].

Gemma et al. demonstrate that music is beneficial for
individuals with Trisomy 21 [6], and Steinberg et al.
demonstrate that integrating music into a daily routine
shows a positive impact on emotional bonding and
communication [7]. Kasuya-Ueba et al. further supported
and highlighted the ability of music-based intervention in
enhancing emotional bonding, attention, and engagement

[8].

Mateos-Sanchez et al. introduced “CapacitaBOT,” a
mobile chatbot tailored for children with intellectual
disabilities. Research aimed to enhance social skills
through interactive learning. Furthermore, this study
highlights the effectiveness of Al-powered tools in
education and therapy, especially during periods of social
isolation like the COVID-19 pandemic [9]. Despite the
valuable outcome from the CapacitaBOT, it primarily
focuses on text-based chatbot interactions with limited
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customization for children with Trisomy 21 and is only
focused on social skills and education. In contrast, the
“Mockley kids” is a web-based system that focuses on
roviding emotional, social, educational, and cognitive
support with a customizable experience focusing on
different levels ofTrisomy 21 and different age levels.
Panceri et al. introduced the “MARIA T21,” a socially
assistive robot, focused on improving the psychomotor and
psychosocial skills in children with Trisomy 21 and autism
spectrum disorder (ASD). A series of game-based on
behavioral psychology was integrated into “MARIA T21”
to prove that child-robot interactions can significantly
strengthen the engagement [10]. Accessibility of the
MARIA T21 is limited by specialized hardware and
focused on providing social skills, motor skills, and
cognitive skills. In contrast, “Mockley kids” addresses
these gaps by offering a fully digital, customizable support
focusing on emotional, social, educational, and cognitive
aspects. Costanzo et al. introduced “Talkitt”, an Al-
powered mobile application developed to improve
communication of individuals with Trisomy 21. Through a
six-month intervention, the application depicts notable
enhancements in linguistic skills, suggesting that Al-based
augmentatives and Alternative Communication (AAC)
tools foster better communication [11]. Although “Talkitt”
provides a powerful speech recognition solution to aid
individuals with unintelligible speech scope is limited to
communication. “Mockley kids” system focuses on
providing both emotional and cognitive support with a
customizable environment for different levels of children
with Trisomy 21.

Kokol et al. shows a collective study of 145 Studies on
game-based interventions for children with developmental
disabilities. This study noticed a positive outcome in areas
such as anxiety reduction, emotion recognition, and
rehabilitation [11].

Despite the presence of technological interventions for
children with Trisomy 21, a gap persists in the accessibility
of existing systems and the absence of multimodal, tailored
interventions that provide combined support of cognitive
and emotional aspects. Existing systems often focused on
specific aspects such as emotional well-being or education,
without addressing the comprehensive emotional and
cognitive needs of children with trisomy 21. This research
study intends to bridge the gap by developing an adaptive
multimodal web-based application called “Mockley kids”,
integrated with an Al-powered voice assistance, text-based
bot, emotion-based music recommender, and interactive
games to strengthen both cognitive skills and emotional
well-being. This research study focuses on the key research
question: how a customized multimodal web application
integrated with Al-powered voice assistance, text-based
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bot, emotion-based music recommender, and interactive
games strengthens the emotional well-being and cognitive
skills of children with Trisomy 21. The primary aim of this
research study was to develop an adaptive, multimodal web
application that strengthens the cognitive skills and
emotional well-being of children with Trisomy 21. The
research objectives include developing a web application
integrated with an emotion-based music recommendation
model, voice assistance feature, text-based bot, and
interactive game features, developing a responsive and
interactive user interface, and testing the system's
efficiency.

IL.SYSTEM DESIGN

The developed system is a multimodal web application
designed to enhance cognitive skills and provide emotional
support for children with Trisomy 21 through a modular
integration of several advanced and customized
technologies. The developed system includes an Al-
powered voice assistant, an emotion-based music
recommender model, a text-based bot, interactive games
“Who am 1?77, “Tic-tac-toe”, and “Simon says” games. The
system adopts a client-server model with the front end built
with React.js and the backend developed with Python using
Flask to manage API endpoints. Al-powered voice
assistance uses speech recognition libraries to convert
voice inputs to text, processes through a server, and returns
the voice output using text-to-speech tools such as gTTS
and Pydub. The emotion-based music recommender model
captures the real-time emotions using webcam, and the
captured image passes through a convolutional neural
network (CNN) developed with Keras and TensorFlow,
and OpenCV and trained using the FER-2013 (Facial
Expression Recognition 2013) data set, which contains 7
different emotions (angry, disgust, fearful, happy, neutral,
sad, and surprised). Upon emotion detection, the
recommended songs list is displayed as a JSON object to
the frontend. “Who am I?” and “Hangman” games were
developed using Python Flask for the backend and React.js
for the frontend, communicating through APIs. The games
“Simon says” and “Tic Tac Toe” were implemented using
React.js and React hooks for state management. The text-
based bot generates the responses using the “Gorq” APIL
Al-powered voice assistance generates Al-powered
responses using the Gemini API. Data was managed using
CSV files, and the Pandas library and environment file
were used to store APl keys securely. The system
architecture ensures modularity, responsiveness, and
scalability, enabling and ensuring the smooth integration of
diverse modules with diverse technologies to make the
systems more efficient and customized to meet the unique
needs of children with Trisomy 21.



Fig. 1. Software Architectural Diagram

INI.METHOD

A.  System Evaluation

An observational evaluation was conducted with 16
children who were diagnosed with Trisomy 21 at a
rehabilitation hospital, Sri Lanka. Each child engaged with
the system for 20 minutes per day for a week. Sessions
were conducted under the supervision of 8 professionals,
including 3 speech therapists, 3 occupational therapists,
and 2 special educators.

e Data Collection

Data collection was conducted using a structured
questionnaire designed to gather feedback from both the
parents of children who were involved in the evaluation
sessions and professionals who supervised the sessions.
The questionnaire assessed multiple dimensions, including
cognitive support, emotional support, impact on motor
skills accessibility, user friendliness, and overall
effectiveness and satisfaction with the system. All
collected data were analyzed to examine the effectiveness
of the system in strengthening emotional well-being and
cognitive skills, accessibility, useability, and aspects to
enhance the system. Additionally, observational notes were
collected from the professionals about the system for future
enhancements.

IV.RESULTS

A.  Evaluation of Professionals’ Perspective
Professionals stated that the web application provides long-
term benefits for children with Trisomy 21 in terms of
cognitive development and emotional well-being. On a 5-
point scale, the system received an average of 3.5 for
improving memory recall, 4.13 for the capability to
enhance the attention span, 2.88 for improving problem-
solving skills, 3.75 for improving communication and
comprehension skills, and 3.63 for enhancing decision-
making and logical thinking. Lastly, 3.00 for enhancing
social interaction. Furthermore, professionals commented
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that gamified models stimulate children’s learning, leading
to cognitive development [11]. Emotionally, the system
was significantly effective. Professionals rated the system
with 4.75 for providing emotional support, evidencing that
music provides emotional support and an uplifting
environment [6].

emotional support 475
Enhancing social interaction 3
enhancing decision-making 2.63
improving communication
g skils | o
Enhance attention span | — s
improving memory recall | E— -5

1 2 3 4 5

Improving problem-s

Fig. 2. Analysis of professionals’ comments (Rating out of 5).

B.  Evaluation of Parents’ Perspective
Most parents commented that their children showed a
strong interest in interactive games. 56.3% stated that they
were deeply captivated, while 25% were moderately
interested and 18.8% showed a mild interest, evidence that
game-based intervention improves the emotional well-
being of children with Trisomy 21 [11].

@ ()Not atall
@ ()Alittle

() Maderately interested
@ () Very interested

A 4

Fig. 3. Evaluation of interest in engaging with games

87.5% of parents commented that children were actively
interacting with the Al-powered chatbot and revealed that
this feature improves cognitive skills and emotional well-
being of children with Trisomy 21. Furthermore, 100% of
the respondents commented that their children show
emotions while interacting with the chatbot, evidencing a
positive impact on emotional well-being. 93.7% of parents
declare that Al-powered chatbot encourages their child to
communicate more than usual [9]. Among them, 25% of
the children show significant improvements in
communication, while 43.5% show notable improvements.
93.8% of parents declared that children learn new words
while interacting with the chatbot.

1
New-word learning 93.8

Communication improvements
Positive emotions

Active interaction

7 4 21 28 35 42 49 56 63 70 77 84 o1 98 105

Fig. 4. Evaluation of Al-chatbot interaction



Moreover, 18.8% of parents strongly declare that the
emotion-based music recommender feature improves their
child’s mood, and 62.5% declare a notable enhancement,
while 18.8% declare a slight enhancement. Furthermore,
the data collected through the questionnaires reveals that
100% of the children enjoyed the music, confirming that
music therapy improves the emotional well-being of
children with Trisomy 21[8].

() Sometimes
@ () Often
@ () Very much

>

Fig. 5. Evaluation of showing emotions while interacting with the
music recommender

The application appears to have a positive influence on
cognitive skills enhancement. 93.7% of parents remarked
that after system engagement, children were able to
recognize and recall system interactions, such as words,
phrases, and instructions. Furthermore, after interacting
with the application, children show more interest in
problem-solving and answering questions.

V.CONCLUSION

A.  Findings of the Study

The “Mockley kids” application shows a significant
capability in strengthening the emotional well-being and
cognitive skills of children with Trisomy 21. According to
the professionals, the key features Al-powered chatbot,
emotion-based music recommender, and interactive games
were the features enjoyed by the children the most.
Furthermore, the system enhances children’s memory
recall, attention span, problem-solving skills, and language
and communication comprehension. Many professionals
and parents commented on significant improvements in
children’s ability to identify emotions, problem-solving
skills, and learning new words and phrases. The emotion-
based music recommender feature was compatible with a
child’s mood and effectively provided a calm and uplifting
environment. Several professionals declared confidence in
the application’s long-term benefits in strengthening
cognitive skills and emotional well-being, making the
system an invaluable tool in the therapeutic environment.

B.  Limitations of the Study
Although the web application is an invaluable tool for
children with Trisomy 21, certain limitations should be
acknowledged. These limitations might affect the
generalizability of the results and the highlighted areas for
future enhancements and research. Several professionals
declared that to observe a 100% accurate and measurable
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outcome, a minimum of 3 months' period is required, while
this study covers a limited timeframe. The system lacks a
progress tracker, making it challenging to obtain an
accurate result over time. Additionally, the system was
developed using English as the key language, creating a
gap in accessing the application for children who speak
other languages.

C.  Future Work and Recommendations

To enhance the effectiveness of the web application,
integration of a built-in progress tracker and detailed
dashboard is needed to accurately evaluate the progress.
Implementing multi-language support to bridge the gap in
accessibility. A collaborative feature to interact with peers
within the system will enhance the value of the system.
Furthermore, a one-week evaluation period limits the
ability to assess the accurate long-term effects of the
system, so future studies need to extend 1-3 months with
pre-/post-assessment and a control group and need to be
focused on multiple sites to validate and generalize
findings.
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CacheBook: A Smart Personal Finance Tracker
with OCR-Based Expense Logging and Visual
Reporting

P.T. Perera
Department of Computer Science and Technology of
Computing
University of Bedfordshire, United Kingdom
tharushi@outlook.com

Abstract- “CacheBook” is a mobile application designed to
simplify personal finance management by integrating real
time expense tracking with automated receipt scanning. Built
using React Native and Firebase, the application enables users
to log daily expenses, set financial goals, and visualize
spending through reports. A key innovation of “CacheBook”
is the use of Optical Character Recognition (OCR) technology,
which allows users to scan physical receipts by reducing
manual entry and enhancing data accuracy. The app
categorizes expenses, provides visual summaries via charts,
and alerts users when spending goals are exceeded.
Keywords—OCR, Personal Finance Tracker, Mobile,

React Native

I INTRODUCTION

“CacheBook” is a mobile application that simplifies
personal financial management by allowing users to record
expenses, set financial goals, and generate graphical
reports. One of the most unique features of the system is its
ability to scan and read data from receipts using Optical
Character Recognition (OCR), reducing manual input and
enhancing accuracy.

Managing Personal finances has become increasingly
difficult in today’s fast, digitally driven world. Many
individuals struggle to keep track of where their money
goes, stick to budget, or identify spending patterns. These
challenges are often made worse by the lack of accessible,
user-friendly financial tools.

The development of “CacheBook” was initiated in response
to these issues, with the goal of offering a practical solution
that empowers users to take control of their finances
through real-time tracking and data-driven insights. The
system provides users with features to classify their
expenses, monitor daily or monthly budgets, and receive
alerts when spending exceeds set targets. Ultimately, the
aim is to improve financial literacy and decision making
with an easy-to-use interface and intelligent automation.
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II LITERATURE REVIEW

Managing personal finances has become more complex in
today’s fast paced digital environment, prompting the rise
of numerous technological solutions designed to help
individuals budget, track expenses, and make informed
financial decisions. Tools like Optical Character
Recognition (OCR), real time alerts, and AL based
categorization have transformed how users interact with
their financial data.

Automated Bill Scanning using OCR technology allows
users to extract itemized data from receipts, minimizing
manual entry and increasing accuracy. Applications like
Expensify use this technology effectively, although
challenges such as poor handwriting and low-quality
images still affect data reliability.

Customizable Categories improve personalization. Many
applications like Mint and YNAB after predefined
categories, but users often prefer flexibility to create and
manage their own. This customization supports more
relevant and organized budgeting experiences.

Dynamic Budgeting and Real Time Notifications help users
stay within financial limits. Apps like PocketGuard and
Goodbudget allow users to set budgets and send alerts when
thresholds are exceeded. However, over notification can
reduce user engagement, so timing and relevance must be
carefully designed.

Visual Expense Reporting is essential for users to
understand their financial behavior. Applications like
QuickBooks and Wave provide charts and summaries, but
complex layouts or overly technical language can hinder
usability. Simplified, color coded reports are more effective
for general users.

Despite the existence of many apps, common issues such
as limited customization, poor user interface, and lack of
integration between features remain. Tools like Mint,



YNAB, Goodbudget, and Expensify provide useful
functionality but fall short in delivering a fully integrated,
flexible and user-friendly experience.

“CacheBook” aims to bridge these gaps by integrating all
these features into a single, easy to use mobile application.
By addressing usability and functionality shortcomings
found in current systems, “CacheBook” contributes to the
evolving field of smart personal finance tools.

Theoretical Background and Research Gap

Financial literacy has been widely recognized as essential
for improving personal financial behavior (Lusardi &
Mitchell, 2014). Existing applications often focus on
budgeting or expense tracking in isolation, without
integrating automation and budgeting or expense tracking
in isolation, without integrating automation and
customization in a user-centered design. While tools like
Mint and Goodbudget offer basic tracking, they lack real-
time OCR data capture and personalization. “CacheBook”
addresses this gap by combining automated receipt
processing, flexible categorization, and dynamic budgeting
within a single platform tailored to diverse user needs.

I METHODOLOGY

The development of the “CacheBook™ mobile application
followed the Agile Software Development Life Cycle,
which emphasizes flexibility, iterative progress, and
regular user feedback. Agile was chosen to ensure that each
feature could be developed, tested and refined in short
cycles called sprints, improving responsiveness to user
needs and technical challenges.

The process began with requirement gathering, which
included competitor analysis and a user survey with 42
participants. The survey helped identify key user
expectations such as receipt scanning, customizable
categories, and budget alerts. Based on these findings, the
system’s features were prioritized and organized across
multiple sprints.

Design and development were carried out using:

Frontend: React Native with Expo for cross platform
compatibility.

Backend: Firebase services including Firestore (database),
authentication, and storage.

OCR Integration: Mindee API

Development Tools: Visual Studio Code, Android Studio,
Expo CLI

UI Styling: Tailwind CSS
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The implementation focused on key features such as secure
user authentication, manual and OCR based expense
logging, goal tracking with alerts, and report generation
with export to PDF. Real-time database updates ensured
that financial data remains consistent and accessible.

Each sprint included testing, UI refinement, and feedback
collection to ensure high usability and functionality. This
approach allowed “CacheBook” to evolve into a reliable,
user centered financial tracking application aligned with its
core objectives.

OCR Evaluation and Accuracy Measurement

To evaluate OCR performance, nearly 100 sample receipts
were collected, including printed, low resolution, and
handwritten receipts. The Mindee API extracted line items,
and outputs were manually validated against ground truth
data. Accuracy was measured as the percentage of correctly
identified line items. Results showed an average accuracy
of 91% printed receipts and 58% for handwritten receipts.

Firebase Implementation Details

Firebase Authentication handled user login and session
management. Firestore rules were configured to access by
user ID, ensuring that users could only access their own
data. Real time syncing was tested by simulating
simultaneous expense entries on multiple devices. Error
handling routines displayed notifications in case of network
failures, invalid data input, or storage errors.

User Study Process

Usability testing involved 21 participants who used
“CacheBook” over a two-week period. Participants were
asked to record expenses manually and use OCR, set budget
goals, and generate reports. Data collected included task
completion time, number of errors, and subjective
satisfaction ratings. Feedback was gathered via structured
questionnaires and analyzed to identify usability issues and
feature effectiveness.

IV RESULTS AND DISCUSSION

The “CacheBook” mobile application was successfully
implemented, with all major features functioning as
intended. The system provides secure user authentication,
receipt scanning via OCR, customizable expense
categories, dynamic budget goal tracking, visual expense
reporting, and PDF export functionality.

Key Results:

OCR based Receipt Scanning: User can scan receipts using
the device camera. The Mindee API extracts line-item data
such as item names, prices, and quantities, which are then



categorized automatically using a keyword matching
algorithm.

Custom Expense Logging: User can manually add
expenses, create new categories, assign color codes, and set
custom dates.

Spending Goal Alerts: Daily and weekly goals can be set
and are monitored in real time. Users receive notifications
when their expenses exceed the set threshold.

Visual Reports and Export: The app displays expenses in
pie charts grouped by week, month, or year. Reports can be
exported as PDF files, enabling users to share or store their
financial summaries.

User Interface Snapshot:

Index Page: Clean and welcoming start screen with pastel
gradients and finance related items.

Signup/Login: User friendly form layouts with password
visibility toggle and optional Google Sign-In (Partially
implemented).

Home Page: Figure 1 shows the personalized greeting, goal
slider, and a list of today’s expenses.

Hello, HyunCong! Q
Set Spending Goal

Goal: LKR 3,000

Today's Expenses

Total: LKR 4,500
LKR 500
LKR 1,000

LKR 3,000

Fig 1 Image of Home Page
Add Expense Page: Manual entry interface with category

selection and color assignment.

Bill Scan Page: Figure 2 shows the bill scanning with real
time OCR extraction and auto categorization.

Annual Research Conference of SLIIT City UNI - 2025

" Select Date: Thu Apr 17 2025

W Extracted Items
Nolimt T-shirt

& Price: LKR 2490
Category: Clothes

NOLIMIT T-shirt
& Price: LKR 2490
Category: Clothes

RUST 80 JEANS
& Price: LKR 6990
Category: Clothes
%3, NOLIMIT BAG
& Price: LKR 0
Category: Others
Total: LKR 11970

Fig 2 Image of bill scanning function
Report Page: Figure 2 shows interactive charts with a
download button for PDF reports.

Report [}
<D

SPENDING CATEGORIES

|

Monthly Yearly

Expenses
Groceries LKR 500
Household LKR 1000

Food LKR 3000

Fig 3 Image of Report Page
Profile Page: Editable user information with change
password and logout options.

sanitary LKR 200

User Feedback Summary:

95.2% found the bill scanning feature helpful.
90.5% found the report page easy to understand.
71.4% would recommend the app to others.

58.7% rate the navigation as easy.
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Quantitative Results and Benchmarking

OCR accuracy testing demonstrated that 91% of printed
receipt items were correctly recognized, while handwritten
receipts achieved 58% accuracy. During usability tests, the
average time to record an expense was 1-2 minutes and 40-
60 seconds with OCR scanning. User satisfaction rating
averaged 4.4 out of 5 for overall ease of use.

Comparative Analysis

Table I Comparison of CacheBook with Existing Financial Management
Applications

Cache | Mint Goodbud
Book get

Feature Expensify

OCR
Receipt
Scanni

ng

Yes No No Yes

Custom | Yes Limited Limited Limited

Catego
ries

Budget | Yes Yes Yes Limited

Goal
Notific
ations

Visual | Yes Yes No Yes
Reports
& PDF

export

Androi
d/ios

Android/i
os/Web

Android/i
os/Web

Android/i
os/Web

Cross
platfor
m
Suppor
t

Free Yes Yes Yes Limited

Plan

Compared to existing tools, “CacheBook” offers a unique
combination of OCR scanning and full customization in a
free, mobile focused platform.

Challenges Observed:

- OCR performance was less accurate for blurry or
handwritten receipts.
- Google Sign In could not be completed due to
Firebase authorization issues.
- Current version only supports English.
Despite these limitations, “CacheBook” received highly
positive feedback, especially for its automation, simplicity,
and financial visualization capabilities. The application met
all major functional goals and proved to be a valuable tool
for encouraging better spending habits and financial
awareness.
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V  CONCLUSION

The “CacheBook” mobile application was developed to
address common challenges in personal financial
management, such as manual expense logging, lack of real
time tracking, and limited visualization tools. Through the
integration of OCR technology, Firebase backend services,
and a user friendly React Native interface, “CacheBook”
enables users to record expenses efficiently, set financial
goals, and visualize spending behavior through dynamic
reports.

All key objectives of the system were achieved. The
Mindee OCR API allowed accurate receipt scanning,
budget alerts helped users manage their spending limits,
and users could generate clear, categorized reports in both
visual and PDF formats. Usability testing and user feedback
confirmed that the application was intuitive, functional, and
effective for day-to-day financial tracking.

Although limitations such as incomplete Google Sign In
integration and OCR accuracy for handwritten receipts
were identified, these do not significantly hinder core
functionality. Future improvements will focus on
multilingual support, enhanced OCR performance, and
expanded features like savings tracking and financial
insights.

Overall, “CacheBook” demonstrates the value of
combining automation with simple design to promote better
financial habits and support personal money management.

REFERENCES

[11 Holzhauer, B. (2021, August 5). Goodbudget budgeting app review.
Forbes Advisor.
https://www.forbes.com/advisor/banking/goodbudget-budgeting-
app-review/

[2] Lusardi, A., & Mitchell, O. S. (2014). The economic importance of
financial literacy: Theory and evidence. Journal of Economic
Literature, 52(1), 5-44. https://doi.org/10.1257/jel.52.1.5

[3] The Bricks. (2024). 10 best personal expense tracker apps for 2024.
The Bricks. https://www.thebricks.com/resources/expense-tracker

[4] ProQuest. (n.d.). Automated scanned receipt processing with optical
character recognition and machine learning. ProQuest.
https://www.proquest.com/openview/441877f2b7dc740f4e67¢5173
9ecacf5/1?pq-origsite=gscholar&cbl=2026366&diss=y.

[5] Pandey, A., Vardhan, H., Verma, 1., & Kushwah, S. (2023). Xpense
tracker: An expenses tracking application using OCR and machine
learning. International Research Journal of Modernization in
Engineering Technology and Science.
https://doi.org/10.56726/irjmets39430

[6] Doing, A. (2023). Mastering accuracy for receipts. Expensify Blog.
https://use.expensify.com/blog/mastering-accuracy-for-receipts

11


https://www.forbes.com/advisor/banking/goodbudget-budgeting-app-review/
https://www.forbes.com/advisor/banking/goodbudget-budgeting-app-review/
https://doi.org/10.1257/jel.52.1.5
https://www.thebricks.com/resources/expense-tracker
https://www.proquest.com/openview/441877f2b7dc740f4e67e51739ecacf5/1?pq-origsite=gscholar&cbl=2026366&diss=y
https://www.proquest.com/openview/441877f2b7dc740f4e67e51739ecacf5/1?pq-origsite=gscholar&cbl=2026366&diss=y
https://doi.org/10.56726/irjmets39430
https://use.expensify.com/blog/mastering-accuracy-for-receipts

(7]

(8]

(]

(1]

[t

[12]

[13]

[14]

[15]

Garcia, M., & Claour, J. (2022). Mobile bookkeeper: Personal
financial management application with receipt scanner using optical
character recognition. SSRN Electronic Journal.
https://doi.org/10.2139/ssrm.4083764

Intuit. (2024). QuickBooks online: Features and benefits. Intuit.
https://quickbooks.intuit.com/online/how-it-works/

CFA Institute. (2015). Addressing financial reporting complexity:
Investor perspectives separate private company accounting and
beyond. CFA Institute. https://rpc.cfainstitute.org/-
/media/documents/article/position-paper/addressing-financial-
reporting-complexity.pdf

YNAB. (2024). You Need A Budget: Budgeting software overview.
YNAB. https://www.youneedabudget.com

Intuit. (2024). Mint: Free budget tracker and planner. Intuit.
https://mint.intuit.com

PocketGuard. (2024). PocketGuard: Personal finance and budgeting
app overview. PocketGuard. https://pocketguard.com

Goodbudget. (2024). Goodbudget budgeting app overview.
Goodbudget. https://goodbudget.com

Forbes Advisor. (2023). Goodbudget budgeting app review. Forbes
Advisor. https://www.forbes.com/advisor/banking/goodbudget-
budgeting-app-review/

The Bricks. (2023). Expense tracker app comparisons. The Bricks.
https://www.thebricks.com/resources/expense-tracker

Annual Research Conference of SLIIT City UNI - 2025

12


https://doi.org/10.2139/ssrn.4083764
https://quickbooks.intuit.com/online/how-it-works/
https://rpc.cfainstitute.org/-/media/documents/article/position-paper/addressing-financial-reporting-complexity.pdf
https://rpc.cfainstitute.org/-/media/documents/article/position-paper/addressing-financial-reporting-complexity.pdf
https://rpc.cfainstitute.org/-/media/documents/article/position-paper/addressing-financial-reporting-complexity.pdf
https://www.youneedabudget.com/
https://mint.intuit.com/
https://pocketguard.com/
https://goodbudget.com/
https://www.forbes.com/advisor/banking/goodbudget-budgeting-app-review/
https://www.forbes.com/advisor/banking/goodbudget-budgeting-app-review/
https://www.thebricks.com/resources/expense-tracker

Bliss2Glamour: An Artificial Intelligence
Integrated Educational Platform for Skincare and
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Abstract - This research paper represents
Bliss2Glamour, an artificial intelligence (AI) based
educational platform developed to assist all the NVQ Level 4
blooming beauticians, qualified lecturers, and beauty
enthusiasts. Bliss2Glamour has an integrating Learning
Management System (LMS), well trained Al chatbot, Self-
affirmations to keep the users motivated, calming music for
the salon purposes, provide 24/7 skincare consultation from
a highly qualified cosmetologist via WhatsApp website for
beautician training, standard online quizzes for the trainee
beauticians to get prepared for the exam aligned with the
TVEC syllabus. This research paper highlights the
motivation, methodology (Agile), implementation (FastAPI,
React, React JS Query, fine-tuned QWEN 2.5 0.5B-Instruct
Al model), and evaluation (via Weights & Biases). All
objectives were met. The Al chatbot achieved 80% accuracy
rate based on evaluation using Weights. These results
confirm that Bliss2Glamour successfully combines
educational content, Al technology, and holistic care into one
user-friendly system.

Keywords — artificial intelligence (AI) chatbot, learning
management system, skincare advice, calming music, self-
affirmation

I INTRODUCTION

Practical and vocational knowledge in the beauty industry
lacks accessibility, personalisation, and combining with
modern emerging technologies. Bliss2Glamour considers
these gaps through a web-based platform targeting NVQ
Level 4 novice beauticians, qualified lecturers, and beauty
enthusiasts. This platform offers TVEC syllabus-aligned
modules with quizzes, a personalised skincare Al chatbot,
a calming music playlist for salon ambiance, and
motivational support. The essential feature is the 24/7
skincare consultation from a qualified cosmetologist
through WhatsApp.

The chatbot in Bliss2Glamour is fine-tuned to provide
personalized skincare routines based on user-input skin
types. It offers trusted advice without relying on camera-
based analysis, ensuring accuracy and privacy. It also
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complements the LMS by answering beauty-related
queries around the clock.

In the context of Bliss2Glamour, the LMS provides
syllabus-aligned theory and practical lessons for NVQ
Level 4 [2] beautician trainees. It includes interactive
quizzes, downloadable materials, and structured modules
based on TVEC standards.

Developed under Agile methodology, the system
closes the gap between the current commercial systems
that mainly focuses on product marketing rather than
knowledge development

II LITERATURE REVIEW

The objective of the researcher is to study and learn
about the existing systems which cover different areas,
such as existing Learning Management Systems (LMS)
[3] in Vocational Training, Use of Gamification in
Education such as Quizzes, Al chatbots in Skincare and
Beauty, User-centric features like calming music
integration and Overview of Al in skincare, Live
WhatsApp skin consultations with a qualified
cosmetologist. For this developed system, the researcher
grabbed  sources  from  Academic  scholarly
journals/articles, TVEC guidelines and empirical studies
on chatbot Innovation. The researcher gained wvast
knowledge of the existing systems in the beauty industry
after conducting this deep case study. The observer also
recognised the gaps in existing systems and approaches to
address them through the suggested project. After the
Literature review, the researcher gained insight into
building a creative and all-in-one educational e-platform
that motivates budding beauticians while offering superior
services for our end users seeking personalised skincare
routines for the entered skin type.

This analysis aims to compare the current systems in
the beauty industry, related to the developed system. A
common feature of the existing systems was they only
focused on their brand promotion, unlike Bliss2Glamour
system. Especially to pursue an NVQ Level 4 beauty
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exam the researcher spent over one hundred thousand
LKR (280 GBP). This is far more expensive for our
aspiring beauticians who have financial struggles. The
implemented system fills this gap by providing valuable
services to freshly trained beauticians and offers ultimate
free services for beauty enthusiasts who experience cash
flow issues. The researcher focused on the people who do
not get a chance to visit a salon. This system will fulfil the
requirements of customers who seek a calming ambience
by providing a playlist of relaxing music to use during
their treatments or facials. Recognising the importance of
motivation, the researcher includer some interesting self-
affirmation as a tool to boost the users.

Most existing systems are aimed at only marketing
products or just providing general courses. For example,
Skinchat. Ai’s chatbot gives advice on products but
unspecified on beautician training. Bliss2Glamour is
unique because it provides everything at once such as
learning materials, exam quizzes for NVQ tests, an Al
chatbot for face and skin-care advice, calming music, self-
affirmations, and expert advice on WhatsApp too. It does
not sell any brand and is expressly developed for beauty
students even if they could afford expensive training to
learn easily and comfortably.

Bliss2Glamour combines multiple technologies
through a single platform, while most recent systems can
only accommodate a single use. While technically
combining a React front end and FastAPI back end to
provide asynchronous and scalable work, its functional
model is powered by a Qwen 2.5 Al model fine-tuned on
skincare education and not on commonly used chatbot
tools pre-built like Chatling.ai or even pre-built Al
models. While different from AR-based solutions like
Modiface utilizing camera-based face and skin analysis,
Bliss2Glamour does not incorporate camera-based face
and skin analysis and relies on user inputs for privacy and
accuracy. The system itself is also further containerized
with Docker and GCP-based deployment through a virtual
machine utilizing Portainer.io and Docker Hub for
professional-level DevOps integration and cloud
scalability.
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Fig 2.4 Research Gap

Fig 2.1 shows the comparison of the existing systems
identified by the researcher.

I METHODOLOGY

A.  Agile Methodology and Development

The methodology selected by the researcher was the
Agile methodology [4] to implement the Bliss2Glamour
system due to its flexibility, and the requirements were not
fixed. Agile methodology allowed the researcher to break
the entire system into manageable parts called sprints. It
was easy for the researcher throughout this entire project
because after each sprint the researcher received feedback
from the supervisor, then started to integrate with other
sprints if they work together without any problem.

B.  Project Plan

In this phase the researcher created the WBS, Gantt
chart and a Trello Board to keep track of the tasks.
Especially, to track To Do, In Progress, Done. Although
no formal budget was required, the researcher invested in
Google Pro+ subscription to train the Al model with a
powerful GPU and considered the costs for hosting and
domain registration.

C.  Requirement Gathering

The researcher did a systematic Literature Review, to
get secondary data related to this developed system. It was
very useful to get an idea about the existing systems and
the technologies they have used to implement those
systems.

Moreover, the researcher conducted Market
Research to get the primary data from 195 users by
mentioning the features of the developed system.
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Fig 3.4 Feedback from the users

Fig 3.4 illustrates the summary of the detailed market
research conducted and distributed to 195 participants,
including professional beauticians, trainee beauticians,
and beauty-conscious people. The analysis of this market
research proved that most people lacked access to quality
beauty study materials, trusted skincare advice, and
affordable exam preparations

After conducting the market research, the researcher
gained valuable insights into which features should be
developed for the system. For this reason, as part of the
sampling process adopted here, the snowball sampling
process was adopted by the researcher because getting in
touch with the target market for beauty industry is most
effective. The questionnaire was spread by the researcher
among acquaintances known personally, thereafter such
known acquaintances had spread among friends. This
method was beneficial as a method of getting responses
quickly because it does not include any limitations such
as sampling bias, reduced randomness and possible
overrepresentation among target user populations.

D. . Project Design

MysQL Database

Fig 3.5 Software Architecture Diagram

Fig 3.5 illustrates the Software Architecture Diagram;
it depicts how the Bliss2Glamour system’s frontend and
backend work.

The system has 2 main types of users, students/users
who will use the platform to get the service and Platform
admins who will manage the lessons, quizzes. These users
interact with the system through a web interface built
using React. Then the front end gets connected to the
backend, which is built using FastAPI (Python).

In addition, the researcher designed wireframes,
flowcharts, pseudo codes and ER diagrams to get an idea
about this developed project and about the database.

E.  Technologies and Tools used
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The development of Bliss2Glamour involved a
modern and efficient tech stack. The front end was built
using React JS with Tailwind CSS for styling. Form
handling and validation were done using React Hook and
Zod. Swagger for API documentation. The backend was
developed in FastAPI (Python 3.10), with SQLAlchemy
ORM to interact with the database and Pydantic for
schema validation. JWT tokens were used for
authentication and role management. The system was
containerized using Docker and Google Colab Pro+ were
used to train the Al model with a powerful GPU.
Excalidraw was used to design low fidelity wireframes.
Weights & Biases (WandB) was used to monitor the Al
chatbot’s accuracy.

The final system was deployed using Docker Hub [5]
for image management and Portainer.io as the visual Ul ,
used manage the containers. Hosting was conducted on a
Google Cloud Platform (GCP) Virtual Machine with
Portainer.io installed, for deploying both the frontend and
backend services of Bliss2Glamour.

IV RESULTS AND DISCUSSION
A. Results

The developed system successfully integrated all
proposed modules. The Al chatbot gave an 80% accuracy
rate based on its interaction with the users, evaluated
through Weights & Biases visual dashboards.

Proof

TestCase_ID | Pre-Conditions
N

TestCase_Title | Test Description | Lupul_Vilue Enpested_Resul
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nd 1.0gin Page click enter. bl

oo T2 Fnter valid| valid email & | Admin Dashhoard
passwort should be visible

admin
crodentials.

TO01 T3 Enter invalid | Enter Tnvalid
admin password

crodentials.

Fig 4.2 Manual test cases

Fig 4.2: illustrates the manual testcases done by the
researcher to identify the functionalities of the system and
to make sure they are working without any errors.

B. Discussion

Bliss2Glamour system achieved a reliability rate of
around 85% and Al model accuracy of 80% , based on the
evaluation done by using the Weights & Biases and from
all the testing such as User Acceptance testing and from
manual testcases. When considering all the main modules
including Al chatbot, lesson delivery, quiz assessment,
and WhatsApp integration indicates the system is stable,
functional, and user-friendly.
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The AI chatbot [6] [7], powered by the QWEN 2.5-
0.5B (which has 500 million parameters) model,
demonstrated 80% success rate in providing trustworthy
and relevant responses during the test case evaluations.
While this is a commendable outcome for a newbie in the
technology sector, the accuracy did not reach 100% due to
a combination of technical constraints and limited
resources like lack of experience of using high level
software tools and the technology stack. Especially, the
main reason was that the researcher was a novice in the
field of deep learning Al model fine tuning, several
challenges had occurred.

C. User Feedback Gathering

The researcher selected a qualified beautician, and she
is also a lecturer in the beauty industry who evaluated the
system and discussed the areas that the researcher should
improve to make it a better system. After the discussion
the researcher got positive feedback and here is the link of
the discussion.

The researcher was able to get responses from 50
respondents. Majority of the respondents were from the
Beauty industry and the rest of them were beauty
enthusiasts and trainee beauticians.

All the respondents mentioned that this system was
highly beneficial for the trainee beauticians who face the
NVQ Level 4 beauty exam, the government has declared
to do this exam an online onsite examination for the first
time. So, for them this system would exceptionally be
useful to practice before facing for the exam. After that,
the researcher implemented the changes based on user
feedback collected during the evaluation stage.

V  CONCLUSION AND FUTURE WORK

The developed system is a website with Al-powered
educational LMS developed to encourage the NVQ Level
4 trainee beauticians, lecturers who are conducting
lectures at any beauty academy for the NVQ students, and
the beauty enthusiasts. Bliss2Glamour LMS consists of a
syllabus aligned with the TVEC standards including
interactive quizzes, the Al chatbot trained using
Distillation method for skincare advice [15], self-
affirmations to uplift the users, calming music for the
salon purpose to play during any treatments like facials,
massage treatments or any other treatments, which a user
needs to stay with a peaceful mindset and real-time free
skin consultation via WhatsApp with a Licensed
cosmetologist.

This was an immediate achievement of all set
objectives within a narrow time frame and was a great
source of inspiration motivating further refinement and
future improvement of this evolved system.
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This application not only meets all the promised
objectives but also offers educational, emotional and
technological support to its users.

The following refinements are recommended as future
work:

e Develop a cross-platform mobile application
using React Native or Flutter for broader reach.

e Localize the Ul and content which supports
Multi-languages like Sinhala and Tamil as a
support for the target audience.

e Upgrade the self-affirmation section by adding
the text-to-speech feature, so when the
beauticians are tired or unable to read, they can
hear it.
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Abstract— The emergence of blockchain technology has
revolutionized decentralized data management by offering
robust alternatives to traditional centralized database
systems. This paper provides a systematic and
comprehensive review of blockchain-based distributed
databases, highlighting key architectural transformations,
core enabling technologies such as Merkle Trees, PBFT, and
Zero-Knowledge Proofs, and comparing them with
conventional distributed databases. Real-world
implementations including Hyperledger Fabric, BigchainDB,
and OrbitDB are analyzed to assess their scalability,
interoperability, and security capabilities. The paper also
explores intrinsic security mechanisms, performance
bottlenecks, and regulatory challenges that affect adoption.
Finally, it identifies open research questions and future
directions necessary for building scalable, privacy-aware,
and interoperable decentralized database ecosystems suitable
for enterprise and multi-stakeholder environments.

Keywords— Blockchain databases, consensus
mechanisms, data integrity, decentralized systems,
distributed ledger, Merkle trees, Zero-Knowledge Proofs

I INTRODUCTION

The conventional database management frameworks
are used to organize their systems through centralized
architectures to enable operational pace and organizational
control and system expansion. These systems generate two
interconnected weaknesses because they produce both
single point failure risks and vulnerabilities to data breaches
along with a dependence on trusted third-party data
validation services and storage solutions [2], [4]. Several
measures through data replication and distribution
treatment distributed databases sought to resolve such
issues [6] but they generally maintain central authority
control.

Blockchain technology introduces transformative
changes by enabling data decentralization, cryptographic
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verification, and peer-to-peer operations, thereby removing
reliance on centralized authorities [2]. Although it offers
tamper-resistance, operational transparency, and a trustless
environment, blockchain was originally developed for
securing financial transactions rather than supporting
dynamic database functionalities [4]. Traditional
blockchain systems face limitations such as low transaction
throughput, inefficient storage mechanisms, and rigid data
structures [7].

This review investigates how blockchain technology
evolves from its original financial applications to form the
backbone of modern decentralized database systems.
Section II outlines the systematic review methodology used
to identify and assess relevant literature. Section III
introduces core blockchain concepts and contrasts them
with traditional distributed databases. Section IV discusses
architectural adaptations that make blockchain suitable for
data storage, followed by Section V, which examines
enabling technologies such as Merkle Trees, consensus
protocols, and Zero-Knowledge Proofs. Section VI
explores different system models and real-world platforms.
Section VII analyzes security mechanisms and threat
mitigation strategies, while Section VIII addresses
prevailing challenges and future research directions.
Together, these insights provide a comprehensive
foundation for understanding the state and potential of
blockchain-based distributed databases.

II  SYSTEMATIC REVIEW PROTOCOL

This review adopted a structured, systematic approach
to assess and synthesize literature on blockchain-based
database systems. The goal was to ensure inclusion of
credible, peer-reviewed, and relevant sources.

e Databases Searched: IEEE Xplore, ACM Digital
Library, SpringerLink, Elsevier ScienceDirect,
and Google Scholar.
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e  Search Keywords: "blockchain database
systems", "decentralized data storage", "Merkle
tree in DBMS", "PBFT consensus in
blockchain", "ZKP privacy blockchain",
"blockchain vs distributed DB".

e Time Frame: Publications from 2017 to 2024
were considered.

e Inclusion Criteria: Peer-reviewed academic
articles, technical conference proceedings, and
foundational whitepapers discussing blockchain
applications in data management.

e  Exclusion Criteria: Non-English sources,
informal blogs, and materials lacking relevance
to blockchain-based databases.

The screening followed a staged process: title and
abstract evaluation, followed by full-text review of
shortlisted works. As visualized in the PRISMA flow
diagram (Figure 1), 320 initial records were identified, 250
duplicates removed, and 70 remaining titles screened. After
relevance checks, 30 full texts were assessed, resulting in
13 high-quality articles included for review.

The major technologies supporting blockchain include
peer-to-peer networking, cryptographic hashing, public-
key cryptography, digital signatures, and consensus
mechanisms such as Proof of Work (PoW) and Proof of
Stake (PoS) [12]. These mechanisms collectively render it
computationally infeasible to alter data retroactively after
being recorded without the consensus of most of the
network.

B.  Features of Blockchain

Blockchain systems possess several fundamental
features that distinguish them from traditional approaches
to data management. Decentralization initially ensures that
the verification and storage of data are collectively handled
by a network of nodes rather than a single central authority,
reducing manipulation risks and single points of failure [2],
[4]. Immutability is another feature where, once a
transaction is recorded and verified through a consensus
protocol, it is effectively unalterable without the agreement
of the majority of network members [2]. Transparency is
also enabled, particularly in public blockchains, where all
transactions are openly visible and can be verified by
anyone, which fosters trust and accountability [4]. Finally,

blockchain  security is reinforced by advanced
cryptographic techniques such as hashing, digital
signatures, and public-key infrastructures to ensure

authenticity, integrity, and confidentiality of data recorded
[2]. Together, these inherent properties enable blockchain
to ensure a secure, tamper-evident, and trustless state for
decentralized data management.

C. Differences Between Blockchain and Traditional
Distributed Databases
The Table I highlights the key differences between
blockchain and traditional distributed databases:

TABLE 1. KEY DIFFERENCES BETWEEN BLOCKCHAIN-BASED
AND TRADITIONAL DISTRIBUTED DATABASES

Records Identified
(m=320)
Duplicata removed
(=250
BRecords scresned " Excluded after abstract
=701 =41}
¢ full-text articlas
Full-text article assessed || excluded(n=1T)
(n=30) Mot relevant: 10
Poor quality: 5
; Incomplete data- 2
Studies mcluded i review
(n=13)

Fig. 1. PRISMA flow diagram

III FUNDAMENTALS OF BLOCKCHAIN TECHNOLOGY

A.  Definition of Blockchain

Blockchain is a distributed, decentralized ledger
technology that records transactions over a network of
nodes in a tamper-proof, transparent, and secure manner.
Transactions are bundled into blocks, cryptographically
linked to preceding blocks, and wvalidated through
consensus mechanisms. Blockchain design eliminates the
need for central authorities, enabling direct, trustless
interaction between parties.
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Feature Blockchain-Based Traditional Distributed
Database Database
Linked block . .
Data 1nied blocks Relational or non-relational
secured by . .
Structure . tables with editable records
cryptographic hashes
Decentralized,
governed by Centralized or semi-centralized
Control .. .
consensus protocols administration
(e.g., PoS, PBFT)
I table—dat .
. mmutable-—data Mutable—authorized users can
Immutability | cannot be altered
update or delete data
once recorded
Transparent— .
. . . Access restricted by roles and
Transparency | especially in public Fmissions
blockchains be
Generally slower due . .
Optimized for high-throughput
Performance | to consensus and P -1z £ HEIpY
.. operations
replication
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High—due to
Fault distributed Moderate—depends on backup
Tolerance architecture and and failover mechanisms
redundancy
Trust Model Trustless—trust Trus.t in system administrators
enforced by protocol | and internal controls
Eth
ereutm, . MySQL, MongoDB, Oracle,
Examples Hyperledger Fabric, PostereSQL
BigchainDB g

IV FROM BLOCKCHAIN TO BLOCKCHAIN-BASED
DATABASES

A.  Why Adapt Blockchain for Databases?

The main design of blockchain technology does not
match the operational needs of distributed databases that
require sophisticated high-speed data processing. The Proof
of Work (PoW) method in native blockchains imposes
restricted transaction speed and long processing times
along with poor storage performance because their data
structures are distributed across multiple systems [2], [4].
The benefits of public transparency exist for specific use
cases, yet such properties create problems when enterprise-
level security and access control requirements must be met
[6]. Blockchain system characteristics create barriers which
prevent their direct application to function as a general-
purpose database system.

Significant modifications need to occur to achieve
suitable architectural adaptations when building distributed
databases based on blockchain technology. The system
needs to receive essential improvements which will boost
its scalability capacity and enhance data storage
performance together with adaptable governance solutions
and strong decentralized features and system performance
maintenance. The following section details all substantial
architectural changes made to blockchain technology for
distributed database system operations.

B.  Key Architectural Adaptations

To address the inherent scalability, privacy, and
flexibility limitations of traditional blockchain systems,
modern blockchain-based databases have adopted several
key architectural modifications. One such enhancement is
the use of hybrid storage models, where lightweight
transaction proofs are stored on-chain, while bulk data is
offloaded to decentralized file systems like the
InterPlanetary File System (IPFS). This separation reduces
network congestion and significantly improves query
performance by optimizing on-chain data usage [5].

Database applications drive the optimization work
carried out on consensus protocols. PoW guarantees
security effectiveness, yet its computational intensity and
lack of high transaction speed makes it inappropriate for
fast deal processing. To achieve both quick confirmation
and enhanced energy efficiency Practical Byzantine Fault
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Tolerance (PBFT) alongside Proof of Authority (PoA) and
Delegated Proof of Stake (DPoS) are selected as alternative
faster consensus mechanisms [8], [10].

A vital adaptation exists in Network access control.
Many blockchain databases establish permissioned system
protocols because they do not support the unrestricted
public participation that characterizes typical public
blockchains. The chosen design improves scalability
capabilities and delivers better security standards in
addition to meeting data protection regulations [7].

Data governance achieves its reinforcement by
implementing smart contracts within the system. Possible
business scripts programmed by developers undertake
various tasks inside database infrastructure for automating
business functions and validating data while managing
system access permissions. The governance system using
smart contracts decreases central administrator
requirements without compromising the databases
operational transparency or their auditing capabilities or
consistency [4], [7].

These  adaptations  allow  blockchain-oriented
distributed databases to produce the essential blockchain
benefits of distributed systems and tamper-resistant
security features alongside enhanced data management
capabilities.

V  CORE ENABLING TECHNOLOGIES

A.  Merkle Trees

Merkle trees are cryptographic data structures that
allow efficient and secure verification of data integrity in
large, distributed environments. In blockchain databases,
they ensure that any alteration to a single transaction can be
detected without scanning the entire dataset. This
drastically improves verification speed in audit processes
and is particularly effective in managing append-only data.
However, their use introduces trade-offs in update
operations, as altering even one record can require
recalculating multiple hashes in the tree hierarchy. Real-
world benchmarks in systems like Bitcoin show that
Merkle trees support efficient SPV (Simplified Payment
Verification) but are less suited for use cases requiring
high-frequency write operations.

B.  PBFT (Practical Byzantine Fault Tolerance

PBFT offers high fault tolerance and energy efficiency
compared to Proof of Work (PoW). It is well-suited to
permissioned blockchain databases where the number of
validator nodes is controlled. By design, PBFT can tolerate
up to one-third of faulty or malicious nodes. Its
deterministic consensus provides fast finality, making it
suitable for financial systems and healthcare databases.
However, its performance deteriorates as the number of
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nodes increases, which limits its scalability. Platforms such
as Hyperledger Fabric employ PBFT variants for consensus
in controlled enterprise environments [7], [10].

C.  Zero-Knowledge Proofs (ZKP)

ZKPs allow one party to prove possession of
information without revealing the content itself, addressing
the tension between transparency and privacy in blockchain
systems. They are essential in protecting sensitive data in
sectors such as identity management and finance[l].
However, ZKPs require significant computational
resources and time, which can limit their use in real-time or
large-scale environments. Projects like Zcash implement
zk-SNARKs, a type of ZKP, to offer anonymous
transactions. Despite their promise, further optimization
and standardization are needed before ZKPs can be broadly
applied in blockchain-based databases [11].

VI SYSTEM TYPES AND REAL-WORLD PLATFORMS

A.  Blockchain Database System Types

Distributed databases based on blockchain can be
categorized as public, permissioned, and hybrid systems
based on access control, governance structures, and
intended application contexts [6], [7].

All parties can engage with Public Blockchain
Databases since these networks welcome participants
without needing any form of pre-approval. All network
participants hold the ability to verify the transparency of the
data stored on the network. The high decentralization and
transparent nature of Bitcoin and Ethereum networks faces
scalability issues and requires better performance that
makes them impractical for enterprise database
applications [6].

The participation in Permissioned Blockchain
databases is limited to trusted nodes who require approval
to join the network. Enhanced scalability along with
privacy features and regulatory compliance become
possible because access controls govern the participation in
consensus procedures and data visibility rights.
Hyperledger Fabric stands out as one platform among
several others that offers enterprise users modular
consensus features and channel-based privacy functionality
according to [7].

The hybrid system of Blockchain databases integrates
features from both public and permissioned blockchain
architecture models. The systems support individual
adjustments of transparency levels alongside specific
access management systems which tailor openness against
confidentiality protection based on application needs [6],

[7].

Multiple blockchain database systems need evaluation
based on trust assumptions and scalability needs and
confidentiality criteria and regulatory needs.
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B.  Real-World Platforms

Several real-world platforms demonstrate how
blockchain ideas are adapted to create practical distributed
databases. real platforms in the world show how distributed
databases develop from fundamental blockchain principles.

Three standard database characteristics work alongside
blockchain abilities in BigchainDB: rich querying together
with low-latency transaction processing and blockchain
guarantee of immutability and decentralization. Through
Tendermint's Byzantine Fault Tolerant consensus
algorithm BigchainDB reaches scalability while achieving
fast finality thus becoming suitable for asset registries
together with supply chain management and intellectual
property rights management [5].

Organizations  use  open-source  permissioned
blockchain platform Hyperledger Fabric because its
foundation exists within the Linux Foundation. This
platform maintains three key components which include
parallel agreement consensus along with chain code (smart
contracts) and private digital channels for data
confidentiality. The business network deployment
capabilities of Fabric extend across financial institutions
and healthcare organizations and logistics providers [7].

The decentralized database OrbitDB operates as a peer-
to-peer system which constructs its framework from the
peer-to-peer network IPFS. The distributed data
synchronization functionality in OrbitDB runs through
conflict-free replicated data types (CRDTs) to operate
without depending on central servers. The decentralized
database solution OrbitDB fits applications that need real-
time data sharing capabilities alongside offline data
operation functionality [6].

Blockchain-based distributed databases have started to
be widely investigated for use in sector-specific
implementations along with their standard usage scenarios.
Blockchain technology enables system functions in the
energy industry to support decentralized peer-to-peer
trading operations that require advanced transparency
while boosting network operational performance [3].

These platforms and application areas illustrate the
design choices in  blockchain-oriented database
development, addressing key challenges like scalability,
performance, confidentiality, and interoperability.

VII INTRINSIC SECURITY MECHANISMS AND RISK
PREVENTION

The security features of blockchain-based distributed
databases ensure trustless operation, data integrity and
network fault tolerance through their built-in security
measures. The authentication of blockchain transactions
depends on consensus mechanisms PBFT with Practical
Byzantine Fault Tolerance along with PoS and DPoS which
achieve higher performance levels and reduced power

21



consumption than the Proof of Work method [8], [10]. The
application of cryptographic elements enables data
protection through tamper-proof digital signatures that are
generated by hashing protocols while public-key
cryptography verifies transaction authentication [2].
Merkle trees allow large, distributed networks to handle
data effectively while providing verifiable data
management capabilities that lead to transparent network-
wide data confirmation [8].

Database security through blockchain heavily depends
on effective risk avoidance systems. Digital asset fraud
prevention occurs because transactions need to pass
through a consensus authentication process to stop double
spending attempts [2], [8]. The Sybil attacks prevention
through economic costs in PoS-type protocols makes it
difficult for users to establish multiple false identities [8].
The defense against replay attacks depends on including
nonces with timestamps in transaction records [8]. Data
replication among multiple nodes serves as an
implementation method for system fault tolerance which
delivers ongoing functionality when partial network
failures occur [5]. Safety on Hyperledger Fabric structures
depends on enforced entry protocols and scheduled node
inspection that screens network conduct and regulatory
compliance [7].

These integrated elements work collectively to boost
the scalability and reliability and fault tolerance of
distributed databases that use blockchain and represent
appropriate solutions for vital government and financial
together with industrial applications.

VIIICHALLENGES, OPEN ISSUES, AND FUTURE
DIRECTIONS

Blockchain-based  distributed  databases present
numerous advantages but also face ongoing challenges that
hinder their widespread adoption. Below is a critical
analysis of the most pressing issues, along with potential
future research avenues.

A.  Performance and Scalability

Current blockchain systems struggle with throughput
limitations and high transaction latency. Public blockchains
like Bitcoin and Ethereum process fewer transactions per
second compared to traditional databases. Solutions such as
sharding, Layer-2 protocols (e.g., state channels, rollups),
and alternative consensus algorithms like Proof of Stake
(PoS) and Practical Byzantine Fault Tolerance (PBFT) aim
to mitigate these constraints [8], [10]. However, trade-offs
remain in complexity, security, and decentralization. Future
work should focus on adaptive consensus models and
dynamic resource scaling for real-time performance
optimization.

B.  Interoperability and Integration
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Isolated blockchain networks hinder data exchange
across systems. Bridging solutions, such as cross-chain
protocols and interoperable smart contracts, are emerging
but remain fragmented and complex. Research gaps exist
in standardizing cross-ledger communication and ensuring
secure, scalable data movement between heterogencous
platforms. Future directions include the development of
lightweight blockchain middleware and universal APIs for
multi-chain environments [9].

C.  Privacy and Data Protection
Blockchain's transparency poses a paradox when

dealing with sensitive data. Privacy-preserving
technologies like Zero-Knowledge Proofs (ZKP),
Homomorphic Encryption, and Multi-Party Computation
(MPC) are promising, but they introduce computational
overhead and are not yet widely supported across platforms
[11]. The need to balance data confidentiality with
verifiability presents an open challenge. Further research
should aim at efficient, modular privacy layers that
integrate with smart contracts and permissioned networks.

D.  Governance and Regulatory Compliance

Most current systems lack robust, decentralized
governance mechanisms. The absence of clearly defined
protocols for upgrades, dispute resolution, and policy
enforcement leads to fragmentation and trust concerns.
There is also a lack of compliance with regulations like
GDPR and HIPAA in many blockchain deployments [6].
Future studies should explore decentralized autonomous
organization (DAO)-driven governance and legal-smart
contract co-design frameworks [13].

E.  Research Gaps and Open Questions
1) What are the long-term trade-offs between

decentralization, speed, and security in hybrid
blockchain-DB models?

2)How can empirical benchmarking be standardized
across blockchain-based databases?

3)What mechanisms will ensure interoperability
without compromising security?

4)How can privacy be enforced at scale in multi-
stakeholder environments?

5)Can DAOs offer sustainable and compliant
governance models for data infrastructure?

These critical questions form a roadmap for advancing
the development, deployment, and trustworthiness of
blockchain-based database systems.

IX CONCLUSION

Blockchain-based distributed databases offer a
transformative model for achieving data integrity,
resilience, and decentralization. This paper presented a
structured and systematic review of blockchain-enabled
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database systems, covering foundational technologies,
architectural adaptations, real-world platforms, and
security mechanisms. By integrating insights from peer-
reviewed sources and addressing core components such as
Merkle Trees, PBFT, and Zero-Knowledge Proofs, the
review highlighted both the capabilities and the limitations
of existing systems. The critical analysis of performance
bottlenecks, interoperability issues, privacy trade-offs, and
governance shortcomings emphasized the need for
continued research and innovation.

Future advancements must prioritize scalable
consensus algorithms, privacy-preserving infrastructure,
cross-chain interoperability, and compliant governance
frameworks. With these developments, blockchain-based
databases can support increasingly complex, regulated, and
multi-stakeholder digital ecosystems, making them viable
alternatives to traditional distributed data systems.
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Abstract—This paper introduces the Al-driven smart to-
do list that can cluster and prioritize activities by using the
machine-learning methods. Traditionally, to-do list services
are immovable and have an element of compromising users
to input the information themselves; this sort of bare tool can
easily lead to unproductiveness in accomplishment of duties.
To address this situation, we supplement ensemble modeling,
namely Logistic Regression, XGBoost, and Multilayer
Perceptron, to delegate the tasks to the desired categories and
define priorities by their urgency. Measured based on
standard measures, the ensemble will achieve 47.7 percent
accuracy when doing classification and 72.8 percent when
predicting priority, and High Priority tasks will gain in this
evaluation. Using BERT-based embeddings in combination
with TF-IDF-based vectorization, the system should improve
its effectiveness because it understands the semantics of
described tasks. Together these blocks form a superb
ensemble architecture that can beat stand-alone model when
it comes to classification and forecasting. More importantly,
the system still leaves itself potential to adjust to user
behavior and therefore it can improve task management, and
it is a feasible platform in real time organization of tasks.

Keywords—Al-powered To-Do List, Task Categorization,
Task Prioritization, Machine Learning, Ensemble Models

I.INTRODUCTION

Task management is one of the pillars of productivity at
work and in life. Traditional tools to manage a to-do list,
such as To-do List, Google Keep, and Microsoft To-Do,
have already become an ordinary work tool. These systems,
however, rely on humans to come up with categories and
structures but this becomes a tedious process when there
are changes in schedule and these changes are abrupt and
uncontrollable. Since the software does not have the
intelligence to adapt to such fluidity or to accommodate the
priorities that are at an individual level there is an
accumulation of tasks that are under-classified, which
makes it a source of cognitive overload and reduced
production. In summary, legacy task management tools
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could not take the entire weight of bracketing and
prioritizations and users had to work the grunt work at the
expense of productivity..

Of recent studies, there has been a sizeable amount of
evidence suggesting that employing Artificial Intelligence
(AD) in the task-management system became one of the
vital areas of investigation. By being integrated into such
systems, Al changes the static nature of to-do lists and turns
them into dynamic intelligent things. The utilization of
automatic categorization, prioritization and even task-
urgency-based recommendations allow users to incorporate
the historical patterns which are created during their
interaction with the tool. More importantly, such a
development path requires the ability of machine-learning
(ML) models to identify and internalize patterns based on
historical user behavior and, through them, learn more
about the individual preferences.

To some extent, empirical studies have been in the
position to offer insight into the tradeoffs between the
traditional to do lists and Al powered versions. As an
example, as shown in [2] approached the possibility of deep
learning to improve the accuracy of task classification.
According to the findings, the system showed better
efficiency in the categorization of tasks in comparison to
the manual techniques as soon as machine-learning
techniques were used [2]. Besides, the platforms driven by
Al reduce human error when allocating and prioritizing
tasks in the following ways: categorizing and sorting tasks
based on their level of urgency and relevance.

There are two fundamental problems that are regularly
experienced in task management, and these are
categorization of tasks and prioritization of tasks. Older
technologies require the user to attribute items to
predetermined categories, such as the following: work,
personal, health, etc. However, categories are subjective in
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nature, and they vary with user-to-user boundaries.
Similarly, there is not always a clear set of criteria whereby
something is assigned priority, i.e. high, medium, or low
depending on an individual personal schedule and world
demands. Put collectively, all these challenges suggest that
a system that can classify, assign and rank tasks in a way
that resembles the individual personal preferences and
priorities of every individual and priority of each task
would come in as a desirable feature.

The promising modern solution to this is the inclusion
of machine learning (ML), and specifically ensemble
learning. Assembling techniques combine the results of
many models, thus lowering the error rate in addition to
strengthening the results of classification. The empirical
analysis conducted by the method in [3] proves that
ensembles tend to perform far better than individual
classifiers in challenging environments like task
categorization which, at the same time, enhances both the
accuracy and the efficiency of the classification process [3].

In the AI and cognitive-engineering field, the reader
may be exposed to the idea of an Al-enabled Smart To-Do
List which is supposed to do not only the classification of
the tasks, but also to prioritize them with the help of
ensembles of machine-learning models. The ensemble in
question used here has been composed of the Logistic
Regression, XGBoost, and Multilayer Perceptron (MLP)
models all of which were tuned with the help of the dataset
containing approximately 5,000 items of to-do lists in the
real-life setting. By using the TF-IDF vectorization model
and BERT embeddings, the system pulls semantic features
by using only the descriptions of the tasks, allowing
specific categorization or prioritization to be formed.

The main contributions of this system can be
summarized as follows:

e Automatic sorting the tasks into the predetermined
categories e.g. Work, Personal, Health, etc.

e Prioritization of tasks based on the three leveled
urgency scale (High, Medium, Low)

e The dynamism of the system to adjust itself to the
way the user will behave with time and thereby
increase the task-management efficiency as a whole

Once implemented by a user this system will be capable
of bringing significant results to the efficiency and accuracy
of task management and at the same time helping to
decrease the input of manual work in it and enhance the
general productivity. In addition, the fact that the system is
in real-time presupposes that it can be responsive to
changes in the current task-management landscape.

IL.LLITERATURE REVIEW
When considering the current task-management

applications, such as To-do List and Google Keep, one can
identify a certain methodological weak point: they provide
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the user with merely a list of static resources that were
manually curated and are poorly suited to support
environmental contingencies and varying user needs that
modern schedules are subject to. Practically, the process of
typing, categorizing and arranging jobs could turn out to be
cumbersome thus reducing efficiency as well as overall
productivity. Initial attempts at bypassing these limits were
based on rule-based algorithms, which, however, turned out
to be rigid and failed to reflect the complexity of the day-
to-day work ultimately [1].

Subsequent research has thus centered around new
paradigms of machine-learning (ML), taking advantage of
data-driven designs that refine information on previous user
interactions. Relevant case in point is the work on the
University of Twente that investigated the interaction
patterns that take place when using a digital device (e.g.
discrete counts of mouse clicks and key presses) and used
the supervised classification methods to identify and or
classify the type of the task. The findings indicated that
rather modest feature sets of ML could achieve decent
predictive accuracy and provoke a high level of user
acceptance, which supports the future value of ML-based
inference in the specified scenario [2].

In the LM literature, combinations of many different
learner hypotheses via ensemble-learning methods often
outperform their component single-model analogues, a
tendency that proves particularly striking in more complex
classification domains. The existing evidence proves that
the polyhedral combinations of Logistic Regression,
XGBoost, and Multi-Layer Perceptron (MLP) can provide
the increased classificatory accuracy alongside the reduced
overfitting inclinations. Special mention should be made of
the fact that an ensemble policy combining model selection
with a data-envelopment-analysis based and a MLP
aggregator significantly outperforms more traditional
voting policies in terms of predictive accuracy and
computing speed. Ensemble architectures of such kind
therefore provide special promises in tasks which require
heterogeneous data inputs as well as subjective
prioritization criteria [3].

Fellow workers, this time I would like to change the
subject a little, namely to the points of cross-connection,
but this time before the execution: Al is no less helpful
when it comes to the scheduling and prioritizing of tasks as
well. In industrial engineering, the authors in [4] have
supported a Dijkstra-inspired graph algorithm to fully
autonomous task scheduling, thus proving feasibility of
generic, efficient, and real-time task assignment by means
of graph-based modeling. At the same time, the authors in
[5] have presented a framework of machine learning to the
issue of priority assignment in real-time systems, gaining
success in applying supervised learning to the central
minimization problem of defining priorities of global fixed-
priority preemptive scheduling on multiprocessors.
Appropriately combined, these studies still reveal the
flexibility of ML in both optimizing the dimension of
categorization and prioritization of tasks [4][5].
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To speak about Al integration more holistically, one can
pay attention to the human Al task tensor that structures the
work along several interrelated dimensions, i.e., task
definition dimension, AI contribution dimension and
decision-making sovereignty. This theoretical framework
focuses on the necessity to profoundly study and improve
the interaction between human users and Al systems in
collaborative task contexts and establishes a theoretical
basis of the future studies on generative Al in work
organization [6].

The previous work is usually based on shallow
machine-learning or deep-learning strategies separately,
losing the advantage of combining these two paradigms to
achieve the strengths of both algorithms simultaneously. In
addition, semantic knowledge of task descriptions has also
been restricted to superficial keyword matching or shallow
vectorization approach. The current paper minimizes these
pitfalls by offering an ensemble model architecture built
out of Logistic Regression, XGBoost, and Multilayer
Perceptron (MLP) models that are trained on the hybrid set
of features on the TF-Vectorized data using TF-IDF
vectorization and the contextual BERT embeddings. The
combination allows the system to reproduce both statistical
importance of terms and the deep semantic context.

The design considers dual-output prediction- task
category and priority with the embedded architecture based
on Flask-based back end and deployed on an interactive
web interface with real-time processing of tasks.
Generalizability and overfitting can be further increased by
cross-validation and hyperparameter optimization. These
two, combined altogether, constitute a much-needed gap in
current literature, as it effectively illustrates the ability to
integrate ensemble learning and semantic representation to
create a reactive, Al-based task-management prototype that
delivers quantifiable increase in performance.

III.METHODOLOGY
A.  Dataset Collection and Preprocessing

To have a corpus strong enough to be used in machine-
learning analyses, we assembled a database of 5,000 task
descriptions with mixed origins, i.e. we have diversified it
in terms of multiple categories and tasks priority rates.
There were two categorical variables that were annotated:

Category: a set of labels that are preselected, such as Work,
Personal, Health and so on.

Priority: a scale that is ordinal and it is either High, Medium
or Low.

The preprocessing
procedures:

steps entailed the following

1) Text Normalization: All text was transformed to
lowercase, and punctuation was removed as well as any
excess whitespace deleted.
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2) Tokenization: The description of every task was
divided into individual tokens (words or phrases)

3) Stopword Removal: Highly frequent and somewhat
uninformative words, like the, and, of, were produced to
remove, to focus on interesting content.

4) Transformations: The data was transformed into a
numerical representation of the text by using Term
Frequency-Inverse Document Frequency (TF-IDF) which
allows us to weigh terms according to their occurrence
throughout the corpus but also considering general
documentary abundance.

5) BERT Embeddings: To add up semantic analysis
BERT embeddings comprised, an effort to recognize the
contextual meaning, and consequently increase accuracy in
the downstream classification assignment.

B.  Model Selection and Training

In our attempt to achieve quite correct categorization
and priority of tasks, we used the ensemble learning
approach, which combined the output of three,
complementary, procedures. The initial logistic regression
is a linear classifier and carries out best in simple
classification tasks. Second, XGBoost as the variation of
gradient-boosting machines is largely praised due to the
level of efficiency and accuracy when applied to
classification problems. Lastly, a more basic neural
network model, the multi-layer perceptron (MLP), can
learn complex patterns provided in data. Taken together,
these models use the advantages of each; the ensemble
combines the results of the group of models and thus
improves predictive generalization by averaging and
beating overfitting. has a corpus strong enough to be used
in machine-learning

C.  Evaluation Metrics

During the empirical analysis, we used a few evaluation
criteria to determine the achievements of the models.
Accuracy gave a broad level of success with the percentage
of prediction complying with ground-truth categories of
tasks and priority labels being used. To better explain
strengths and weaknesses of classes, we complemented this
macro-view with precision, recall and F1-score measures,
that each measure a unique aspect of accuracy of
classification.

To avoid overfitting, we underwent an intensive k-fold
cross-validation procedure, in which hyperparameters of
each of the models were tuned on a split of the data and
resulting parameter sets were evaluated on remaining folds.

D.  Model Integration and System Development

In the Flask-based backend architecture, the trained
models were integrated in such a way that descriptive text
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given by the user would pass the ML pipeline, by the end
of which the model would provide a category as well as a
priority score. This back-end segment was subsequently
connected to an easy-to-use front-end interface, which
allowed interactive participation with a web-based to-do
list.

As a result, the created system is dynamic and assigns
Task Categories, categorizing Priorities into three levels,
i.e., High, Medium, or Low, thus, preserving an Al-
powered workflow in an organization in real-time.

Fig.1 below illustrates the system architecture, showing
the flow of data from the user input on the frontend through
the ML pipeline in the backend, and how the results are
delivered back to the user.

.

F1 Score

Category

The corresponding confusion matrix shows these same
trends considering that the Urgent and Work classes were
frequently mixed up, with Personal and Finance-related
tasks also being misclassified with an overall high degree
of heterogeneity, as one might expect after considering that
these classes are a lot more related to one another than the

" : = @‘f BERT Embedding previous results tend to do.
l o e % e TABLE 1 CONFUSION MATRIX FOR TASK CATEGORIZATION TABLE
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Fig. 1. System Architecture
Personal 290 40 25 50 30 20 10
IV.RESULTS AND DISCUSSION
Work 60 350 30 60 35 10 15
A.  Category Classification Results Health 45 60 210 | 25 15 10 5
Entertain
In our experiment, where ensemble method with | ment 25 20 101275 | 20 10 10
Logistic Regression and XGBoost was used, the global
accuracy of 47.7 % was obtained, which, despite not being
very high, still underlines the possibility of refined
improvement of the model tested. B.  Priority Classification Results

These F1 scores that are provided with the model also
show that there is a significant difference in the
performance on the eight predefined task types:
Entertainment reached the highest F1 score, 0.54, Personal,
Family, and Work scored with a close range centered on
0.49, and Urgent and Work were misclassified widely, and
the reason can be associated with these types sharing
semantically similar ground in task descriptions
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During our research, the ensemble method proved to be
the most efficient tool that could be utilized in task
prioritization, with the accuracy of 72.8 %. This was more
than that of the other category-based classification system.
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Fig.3. Model Accuracy Comparison for Priority Prediction using
Various NLP and ML Techniques

When the metrics of precision and recalls are
scrutinized it is observed that precision and recall of the
High Priority class were highest at 0.76 and 0.79
respectively implying a result of 0.78 when considering the
F1-score. The Medium Priority and the Low Priority tasks
had an F1-score of 0.68 and 0.71 respectively suggesting
that the overall performance was much nearer.
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Fig.4. Confusion Matrix for Task Priority Classification

These data are supported by corresponding confusion
matrix: the most correctly classified category was the High
Priority where the level of misclassification was minimal.
On the contrary, the task Medium and Low Priorities
exhibited a high degree of confusion, with medium
tempting to be interchanged with Low, and vice versa.

C.  Model Comparison

Logistic Regression records an average of 39.5 % in the
prediction of categories and 68.2 % in the prediction of
priorities. Its performance is attributed as commendable,
but it fails on its result in comparison to that of the ensemble
approach especially on category classification.
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Fig.5. Model Accuracy Comparison

XGBoost gives 46.0 % accuracy when it comes to
predicting the categories, and 71.0 % when it comes to
predicting priorities. Although this model proves to be
incredibly strong, particularly in priority prediction, it fails
to be incredibly finely tuned in its adjustments as can be
seen in the case of ensemble method.

MLP (Multi-Layer Perceptron) gives 45.5 % level of
accuracy in the prediction of categories and 70.2 % level of
accuracy in the prediction of priorities. It is slightly less
accurate than the XGBoost, but its outcomes are solid,
particularly in complicated classification problems.

D. Discussion

The pre-trained BERT language model to retrieve
semantic information and augmented with TF-IDF
achieved remarkably improved performance in the
semantic system of the task classification. However, the
measurement of accuracy in categorizing tasks at 47.7 %
needs improvement.

In the case of predicting task priorities, however, the
performance measures also significantly improved to 72.8
% marks. Such differences emphasize the fact that,
although categorization is generally a tricky subject-laden
decision, priority estimation can be more easily achieved
by machine learning because it has more objective criteria
at its disposal.

Another clear test was the introduction of an ensemble
of architecture of the models in which logistic regression
and XGBoost serve as the strengths of each other; the
model introduced showed impressive stability regarding
the classification tasks performed.

In the future, an iteration of feedback loop, with real
time feedback included, could add depth to the adaptive
behavior and further hone predictions of the priorities of
tasks.
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V.CONCLUSION

This paper proposes an Al-based Smart To-Do List
wherein all the inputs will be tagged and prioritized
automatically, which is developed using a machine-
learning ensemble consisting of Logistic Regression and
XGBoost. In small scale tests, the composite model has
been shown to be equally effective as single classifiers in
both classification and priority prediction. These results
explain how AI may revolutionize traditional task-
management operations by providing context-sensitive
predictions that may enhance themselves as the user
behavior evolves. However, there are still areas that could
be improved regarding the category classifications, and
user-feedback loops will be implemented in future studies
with an aim of dynamically alleviating the accuracies of the
predictions.

VI.FUTURE WORK
Future efforts will focus on:

Adjusting Category Prediction: This goal involves
systematized improvement of data preprocessing and
architectural design, thus, promoting the robustness and
fineness of the category predictions to which a system is
subjected.

User Feedback: The possibility of being able to learn
through systematic corrections by users will refine the
allocation of tasks to both categories and order of priority
currently implied by the categories.

Expanding Multilingual Support: Our vision is to
incorporate the model with the ability to support more than
one language, and at the same time increase the varieties of
the underlying datasets.

At the same time, we will roll out real-life deployment,
as part of which the system will be integrated into task
management software that is already extensively used by
our partners.
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Abstract - In an increasingly digital world, communication is
primarily conducted through messaging apps, but these
platforms cannot often convey emotional nuance. This
limitation can lead to misunderstandings, emotional
disconnects, and deteriorating relationships. SmartChat
addresses this gap by integrating machine learning-based
emotion recognition into a mobile chat app, allowing users to
send and receive voice messages enriched with emotional
context. Built using React Native and compatible with both
Android and iOS, SmartChat analyzes voice cues such as
tone, pitch, and cadence to detect and display emotions to the
user. This innovation improves the clarity and empathy of
conversations, making digital communications more human-
centered. Beyond general messaging, SmartChat has the
potential to be used in critical contexts such as education,
mental health support, and emotional literacy. By making
emotionally aware communication accessible across
languages and cultures, SmartChat contributes to fostering
healthy interpersonal relationships and supports the broader
goal of social sustainability through technology.

Keywords - Machine Learning, Voice Analysis, Natural
Language Processing, Emotion Detection

I.  INTRODUCTION

In today's digitally connected world, mobile
communication platforms have become a necessity for
personal, professional, and educational communication.
However, these sites often lack emotional depth, especially
in voice messaging, where tone and emotion are important.
Without emotional context, users may misconstrue intent,
leading to misunderstandings and weak relationships. This
growing disconnect highlights the limitations of current
chat applications in supporting emotionally rich
communication.

While tools such as emojis and reaction buttons attempt to
convey emotion, they fail to capture real-time emotional
expression, especially for voice interactions. This
challenge is even more important for individuals with
communication barriers, such as those on the autism
spectrum or speakers from diverse linguistic backgrounds.
To create more inclusive and meaningful digital
experiences, there is a growing demand for
communication solutions that integrate emotional
intelligence into their core design.
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SmartChat addresses this need by introducing a cross-
platform mobile chat application that uses machine
learning to detect and display emotions in voice messages.
Built with React Native and powered by a CNN trained on
MFCCs, SmartChat recognizes emotional cues and
displays them before acting on them. This approach
enhances emotional clarity, empathy, and user connection.
With potential applications in education, healthcare,
military communication, and mental health, SmartChat
redefines digital communication by embedding emotional
awareness into everyday conversations.

II.  LITERATURE REVIEW
The need to improve emotional intelligence in digital

communication systems has led to the emergence of
speech emotion recognition (SER) as a key research area
in artificial intelligence and human-computer interaction.
Early research by Scherer et al. using support vector
machines (SVMs) to classify primary emotions through
phonological and linguistic features had moderate success
but faced limitations due to speaker variability [4].
Subsequent efforts introduced techniques such as Mel-
Frequency Cepstral Coefficients (MFCCs) and Gaussian
Mixture Models (GMMs) to improve emotion detection
accuracy [1][3]. For example, Lee et al incorporated
speaker normalization into their model and achieved an
accuracy of 87.4% [2]. Recently, deep learning approaches
have shown remarkable improvements in classification
performance. Zhang et al. used spectrograms with
convolutional neural networks (CNNs) to achieve an
accurate rate of 75.1% [5], while Wu et al. combined
CNNs and long-short-term memory (LSTM) networks to
achieve an accuracy of over 84% [10]. These results
underline the growing performance of deep learning in
emotion recognition tasks [7][8][9].

Beyond acoustic modeling, researchers have also
examined physiological and visual signals, such as heart
rate variability (HRV), galvanic skin response (GSR), and
EEG, for emotion detection. While promising, these
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methods are often invasive or require specialized hardware
[6]. Meanwhile, multimodal approaches combining face
recognition, speech tone, and linguistic cues have gained
traction to improve SER accuracy [4][6]. Comparative
studies have further explored SER in different linguistic
and cultural contexts, with systems developed in regional
languages such as Marathi and Romanian demonstrating
cross-linguistic compatibility [1].

Domain-specific applications of SER continue to expand,
including its use in emotionally aware customer service
systems, autism diagnosis, and interactive entertainment
platforms [3][5]. Despite technological advances, there
remain major challenges in generalizing SER models
across speakers, languages, and sensory nuances. Based on
these fundamentals, SmartChat is built by applying CNN
and MFCC-based emotion recognition to real-time mobile
chat applications, contributing to the technological
advancement and practical application of SER in everyday
communication.

SmartChat addresses this gap by introducing a real-time,
cross-platform mobile chat app that embeds SER into
everyday voice communication. Its universal design —
compatible across languages and suitable for users with
communication challenges — distinguishes it as a socially
inclusive and practical solution. Therefore, the unique
contribution of SmartChat lies in combining real-time SER
with mobile messaging, providing an emotionally
intelligent communication tool for everyday life.

I1I. METHODOLOGY
SmartChat’s development followed an agile methodology
to ensure iterative improvement, continuous testing, and
adaptability throughout the software lifecycle. This
approach divided the project into multiple development
sprints, allowing for frequent revisions based on user
feedback and technical assessments. Each sprint included
phases of planning, implementation, testing, and
retrospective analysis, fostering a flexible and user-centric
development process. The core system was developed
using React Native for the mobile interface, while the
backend logic, including machine learning processing, was
developed in Python and deployed using Flask APIs.
Firebase was used to manage authentication, cloud
messaging, and real-time database interactions. For
emotion detection, the team utilized a convolutional neural
network (CNN) framework combined with Mel-
Frequency Cepstral Coefficients (MFCCs) to extract
meaningful acoustic features from voice messages. Model
training and testing were conducted in Google Colab,
using cloud-based GPU resources for efficient
computation. The agile methodology ensured that new
features were regularly integrated, bugs were resolved
quickly, and the final product was aligned with both
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technical requirements and user expectations. This
structured but flexible approach was essential to managing
the complexity of combining real-time mobile
communications with machine learning-based emotion
recognition.

A. System Architecture & Features

SmartChat is built using a modular framework that
combines React Native for a cross-platform mobile
interface and Python with Flask for backend processing.
Firebase handles authentication, real-time messaging, and
cloud storage. The core feature is a speech emotion
recognition engine that uses CNN and MFCCs to analyze
voice messages and classify emotions such as happiness,
anger, or sadness. These emotions are visualized in the chat
interface before playback. Key features include real-time
emotion detection, multilingual support, group chats,
secure login, and a wuser-friendly design, making
SmartChat an intuitive and inclusive platform for
emotionally aware digital communication. As shown in
Fig 1, the voice recognition module includes stages for
audio capture, feature extraction, and classification.
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Training Samples

Pre-Processing

Feature Extraction

—

Training Dictionary
(Feature Vectors)

|

. ” " Feamre Extraction
Test Samples

Emotion Recognition
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Fig 5 Model for Emotion Detection

B.  Analysis

SmartChat comprises four main components that work
together to deliver emotion-aware communication. The
front-end is built using React Native, allowing for cross-
platform compatibility for both Android and iOS devices.
The back end is built with Python and Flask, handling API
requests and connecting to a machine learning model.
Firebase serves as cloud infrastructure, securely managing
real-time messaging, user authentication, and data storage.
The emotion recognition module is the heart of the system,
classifying emotions in real-time using a convolutional
neural network (CNN) trained on MFCC-processed voice
data. Together, these components enable SmartChat to
deliver responsive, accurate, and emotionally intelligent
messaging experiences. The tools and technologies used in
the development of FocusBoost are summarized in Table
1.
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Table 2 Tools and Technologies

Frontend React Native

Backend Python, Flask

Database & Authentication | Firebase

Machine Learning Model | CNN

Feature Extraction MFCC

Development Tools Visual Studio Code,
GitLab

Platforms Android, i0S

C. Key Components

e React to Native Frontend:
Provides a unified, cross-platform user
interface for Android and iOS devices. It
enables users to register, log in, send text
and voice messages, and visualize detected
emotions in real time.

e Flask API (Python Backend):
It handles RESTful API requests for
message processing and emotion detection.

e Firebase Services:
Facilitates real-time messaging, secure user
authentication, and cloud storage of chat
data.

e Machine Learning Model:
Implements a Convolutional Neural
Network (CNN) trained on MFCC-
processed voice data.

Iv. DEVELOPMENT & DISCUSSION
The development of SmartChat followed an agile
approach, which enabled continuous iteration and feature
refinement throughout the project lifecycle. The
application was built using a combination of React Native
for the user interface and Python with Flask for backend
logic. Firebase was integrated to handle real-time
messaging and user authentication, ensuring both
scalability and security. A machine learning model built
using a CNN framework was trained on a custom-labeled
voice dataset with MFCC features to accurately classify
emotional states. Throughout development, several test
sprints were conducted to validate the system’s
functionality, including login authentication, real-time
voice message transmission, and accurate emotion
detection. During testing, the emotion classification model
achieved 71% accuracy, indicating promising performance
for a real-time mobile application. Despite this success,
there were challenges in ensuring the model’s
generalization across a variety of accents, background
noise, and various emotional expressions. These
limitations suggest potential for future improvements
through larger datasets, improved pre-processing, and
multilingual emotion training. Overall, the development of
SmartChat illustrates the feasibility and social value of
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integrating emotion-aware Al into mobile communication
platforms.

SmartChat's emotion detection system uses a
convolutional neural network (CNN) trained on Mel-
Frequency Cepstral Coefficients (MFCCs), which captures
key audio features such as pitch and tone. The framework
includes two convolutional layers (32 and 64 filters, 3%3
kernel) with ReLU implementation, each reducing spatial
dimensions by 2x2 max-pooling layers. The output is
flattened and passed through 128 ReLU-enabled neurons
and a dense layer with a dropout layer of 0.5 to prevent
overfitting. The model is trained using the Adam optimizer
and categorical cross-entropy loss, stopping early to
improve generalization.

V. TESTING AND EVALUATION

The testing and evaluation phase of SmartChat was critical
to ensuring the system’s stability, usability, and accuracy
in delivering real-time emotion-aware messages. A
structured test plan was developed that included functional
and non-functional test cases. The functional tests
evaluated key functionalities such as user registration,
login authentication, sending and receiving text and voice
messages, and integration of the emotion recognition
feature. Each test case included specific input scenarios —
such as entering valid and invalid credentials, submitting
empty fields, and attempting to log in with incomplete data
— to ensure that the application responded appropriately
with validations and error messages. These tests
demonstrated that the front-end and back-end workflows
were properly synchronized and responsive to multiple
user actions.

The focus of the evaluation was the performance of the
emotion recognition model. Voice samples with known
emotional tones — such as anger, sadness, happiness, and
neutrality — were processed through the system to verify
that the CNN-MFCC model could correctly classify them.
The model achieved an accurate rate of approximately
71%, which is remarkable for a mobile-based real-time
application, considering constraints such as device
processing power and varying acoustic environments. The
evaluation also revealed that while the model performed
well with clearly expressed emotions and consistent
speech patterns, it struggled somewhat with accents,
background noise, and subtle emotional variations.
Non-functional testing focused on system performance,
usability, and reliability. Users evaluated the app for
responsiveness, interface design, and ease of use.
Feedback was largely positive, highlighting the app’s
intuitive navigation, emotional visualization features, and
clean design. Users appreciated the visual cues associated
with voice messages, which added emotional context and
enriched the interaction experience. However, users also
noted the need for more detailed feedback for additional
emotion types and ambiguous tones. Load testing under
limited conditions showed stable performance with
multiple users, but scalability testing on a larger network
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was identified as future work. Figure 2 presents the
workflow of emotion detection, which plays a key role in
analyzing user responses and adapting the content
accordingly.
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Fig 6 CNN model training and testing framework

Overall, the testing and evaluation phase confirmed that
SmartChat meets its operational requirements and
performs reliably in recognizing and presenting emotions
in voice communications. These findings confirm the
reliability of the project while also identifying valuable
insights for future improvements, such as increasing model
robustness, expanding emotion classifications, and
improving support for diverse linguistic and cultural
contexts.

VL CONCLUSION & FUTURE WORK

A.  Conclusion

SmartChat demonstrates the potential of integrating
machine learning with mobile communication to improve
emotional awareness and digital empathy. This application
successfully combines a user-friendly mobile interface
with a real-time speech emotion recognition engine built
on CNN and MFCC technologies. During testing, the
emotion classification model achieved 71% accuracy,
confirming its effectiveness in detecting key emotional
states such as happiness, sadness, anger, and neutrality in
voice messages. The system reliably recognized emotions
and displayed them clearly to users before audio playback,
enabling more emotionally intelligent interactions.

Key findings of the project highlight the use, accessibility,
and relevance of SmartChat in a variety of communication
situations. The application proved particularly valuable for
individuals with communication challenges and in
contexts such as distance learning, telehealth, and long-
distance relationships. Users responded positively to its
intuitive design and appreciated its unique ability to
provide emotional context in digital conversations — an
element often missing from traditional chat platforms.
Overall, SmartChat provides a new solution to the growing
need for emotionally aware technology. By enabling real-
time emotion detection in everyday messaging, it improves
user engagement, reduces miscommunication, and
enhances emotional well-being.
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B.  Future Work

While SmartChat has proven its potential as an innovative
emotion-aware communication platform, there are still
many avenues for future development. Additionally,
integrating facial emotion recognition into video chats and
improving sentiment analysis into text messages will
enable a more complete understanding of user emotions.
Future updates will also include user analytics to track
emotional trends over time, which could support personal
well-being or therapeutic use cases. Ultimately, these
improvements aim to make SmartChat a more powerful,
adaptive, and supportive tool for fostering emotionally rich
digital communication.
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Abstract - The current tools for journaling depend
on personal self-reporting which fails to match accurately
with how people genuinely feel, and emotional states affect
sustainable societal development. This research introduces
Kalmora, which stands as a mobile voice-journaling
application which utilizes Wav2Vec2 speech emotion
recognition model that identifies seven basic emotions
(happiness, sadness, anger, fear, disgust, neutral, surprise) in
real time. Kalmora's secure dual frontend backend
framework consisting of Flutter and Flask and Firebase
elements performs time-based emotion assessment and
individual wellness guidance. The model evaluated using
controlled TESS data reached 99.8% accuracy which
surpassed CNN-LSTM benchmark models at 94.1%
accuracy. User testing involved observing real users
interacting with the app to evaluate the ease of voice
journaling, accuracy of emotion detection, and overall user
experience, leading to improvements based on their feedback.
Through its combination of objective emotional knowledge
and practical tips Kalmora brings new possibilities to digital
mental healthcare that enable sustainable emotional self-care
practices.

Keywords - Speech Emotion Recognition (SER),
Mental Health, Voice Journaling, Wav2Vec2, Personalized
Recommendations, Affective Computing

I. INTRODUCTION

The ongoing mental health problems constrain
sustainable development because they reduce both
personal health and work efficiency. Text-based journals
help people reflect about themselves yet lack the ability to
detect authentic emotions through vocal expressions [1].
Kalmora functions as a mobile journaling application
through voice-based entries to detect emotions in real-time
while offering personalized guidance in order to support
emotional health
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sustainably. Depression affects over 280 million
people globally to the estimation of the World Health
Organization.

Due to the lack of clinical care, mobile mental
health apps take on more convenient forms available to
anyone with interest, focusing on emotional well-being.

II. BACKGROUND AND RELATED WORK
A. Voice Emotion Detection Technology

Recent advancements in deep learning,
particularly transformer-based models like Wav2Vec2,
have significantly improved the accuracy of SER systems.
Yang et al. [2] demonstrate that fine-tuned Wav2Vec2.0
models achieve state-of-the-art performance across
multiple speech emotion recognition benchmarks.
Kalmora builds on these findings, utilizing transfer
learning to adapt a pre-trained Wav2Vec2 model for
emotion detection. The choice of Wav2Vec2 to be used in
this study was since it has been proven to outperform in
embedding rich emotional features observed in voice
recordings using transfer learning. Wav2Vec2 was
retrained over TESS dataset, i.e., a collection of 2,800
annotated emotional samples. After fine-tuning, the
accuracy of the model successfulness was 99.8%. Besides,
data augmentation strategies, such as noise injection and
time-stretching, have been proposed to support robustness
and reduce overfitting. Such interventions strengthened
the capability of the system in accommodating the actual
speech input on mobile devices.

B. Existing Journaling Applications
The existing mental health apps including Daylio
and Reflectly need users to manually track moods, but this

method delivers inconsistent and unreliable results. Value-
based applications Mumble Journal and Echo Journal do
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not provide sophisticated emotion recognition features.
Kalmora bridges the existing gap through its combination
of SER with relevant recommendations enabling users to
gain objective and meaningful insights from their
experiences. Unlike existing applications such as Lid or
Mumble Journal which use basic sentiment detection,
Kalmora offers deeper voice-based emotional analysis
across seven categories. While Woebot and MoodMirror
incorporate Al and emotion tracking respectively,
Kalmora uniquely combines accurate emotion recognition
with wellness recommendations based on cognitive
behavioral therapy. This makes it more proactive, private
(voice-only), and adaptable for day-to-day emotional self-
care.

III. METHODOLOGY
A. System Architecture

Kalmora follows a modular architecture:
1. Frontend (Flutter): A user-friendly interface for
voice recording and journal management.

2. Backend (Flask API): Processes audio files and
performs emotion detection.

3. Database (Firebase): Securely stores user data and
journal entries.

The overall system architecture as shown in Fig 1.
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B. Emotion Detection Model

Kalmora brought a Wav2Vec2 model trained on
the Toronto Emotional Speech Set (TESS), a databank that
collects 2,800 labelled audio files into seven emotional
groups: happiness, sadness, anger, fear, disgust, neutral,
and pleasant surprise. The material was also resampled to
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16 kHz and normalized to unity gain thus providing equal
input scaling. Additional processes of data augmentation,
such as adding Gaussian noise and time-stretching, were
used, focusing on less common classes of emotion, whose
representation was made robust by means of methods. The
split of 80-20 was introduced stratified to train and test.
The training was conducted within 10 epochs using the
Adam optimizer, learning rate of 1-5 and a batch size of
16, which was selected to reduce overfitting and improve
generalization. In this setup, the model attained test-set
accuracy of 99.8 %, so it was better compared with CNN-
LSTM baseline (accuracy = 94.1 %) [2].

C. Personalized Recommendations

A rule-based system translates identified
emotions to appropriate interventions which use cognitive
behavioral therapy methods including anxiety breathing
exercises combined with gratitude prompts [3].

D. Security and Privacy

Each of the users the study incorporated in the user-
testing of the Kalmora application gave consent to
participate in the study willingly before the research
continued. The study conformed to ethics authorized under
institutional research regulations though it did not formally
solicit institutional review board (IRB) approval because
the app was not intended to apply to a clinical setting. In
order to preserve privacy and data safety, the voice entries
of users were encoded (end to end) and any sensitive
information was anonymized prior to complete analysis.
Firebase Authentication was used to protect access to
journals and emotional data and restrict access to them
only to authorized people. No personally identifiable
information (PII) had been gathered, and a participant
could revoke at any time. Together, these protocols were
developed in an attempt not only to continue to generate
user trust, but also to align with the ethical norms
governing within the sphere of digital mental-health
software.

IV. RESULTS AND EVALUATION
A. Model Performance

Wav2Vec2  after  fine-tuning  delivered
exceptional results based on precision exceeding 98%,
recall exceeding 98% and F1-score values over 98%, and
test run accuracy reached 99.8%. Emotion classification
performance is detailed in the confusion matrix (Figure 2)
The recorded data came from standard-speaking
professionals who used amplified emotional cues while
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working with a small voice range because of their limited
presenter diversity. Through the architecturally optimized
transformer model and 960 hours of self-supervised audio
pretraining Wav2Vec2 processed prosodic features
accurately from a small dataset consisting of 2,800
samples. The evaluation method included a stratified 80:20
split of the data for training and testing purposes and
manual verification of randomized audio trials to validate
performance consistently. The Kalmora model
demonstrates superior performance, as shown in [8], when
compared to CNN-LSTM models on the TESS dataset. It
also achieves benchmark-level results across multiple
controlled datasets, validated through randomized audio
trials and manual verification.

The bar chart, Figure 2 illustrates the
performance comparison between the CNN-LSTM and
Kalmora (Wav2Vec2) models in terms of emotion
detection accuracy using the TESS dataset. The CNN-
LSTM model achieved an accuracy of 94.1%, while the
Kalmora (Wav2Vec2) model significantly outperformed it
with a remarkable 99.8% accuracy. This highlights the
superior capability of the Wav2Vec2-based Kalmora
model in capturing and interpreting emotional cues in
speech data.

Emotion Detection Accuracy Comparison

Accuracy (%)

ECNN-LSTM  mKalmora (Wav2Vec2)

Fig 2: Emotion Detection Accuracy Comparison
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Fig 3: The confusion matrix

B. User Feedback

The Kalmora system underwent user testing on
Android smartphones involving a sample of 10
participants selected through convenience sampling. The
group included university students and young adults aged
18 - 28, with varying levels of technical experience. Users
were instructed to record emotional voice entries and
interact with features including voice journaling, playback,
and real-time emotion recognition. Feedback was
collected using semi-structured interviews and a 5-point
Likert scale. Participants rated voice journaling experience
an average of 4.6/5, and emotion prediction accuracy
4.4/5. Most users responded positively to the interface and
emotional feedback features. Recommendations were
made to reduce processing time for emotion detection and
to improve button visibility in the UI, both of which were
incorporated in subsequent design iterations. The User
Acceptance Testing (UAT) phase confirmed that all core
functionalities worked as expected and the application was
ready for real-world use.

V. DISCUSSION

Kalmora establishes the possibility of running
real-time speech emotion recognition through mobile
devices through its high precision alongside low latency
performance. Kalmora connects automatic emotion
detection to tailored programmatic interventions because it
resolves the requirement for adaptable mental wellness
tools that move beyond basic mood tracking functionality.
The method supports emotional resistance over time
because it constitutes a central requirement for sustaining
societies [4]. The “Digital Innovation for a Sustainable
Future” program benefits from Kalmora because it
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improves person wellness which creates sustainable
community environments.

While the TESS dataset provides clean and
clearly labeled audio samples, it is composed of acted
emotional expressions by professional speakers in
controlled environments. This may not fully represent the
nuances of spontaneous, real-life emotional speech,
potentially affecting real-world accuracy. To address this
limitation, future work will involve testing the model on
more naturalistic datasets such as RAVDESS or CREMA-
D, which include greater speaker diversity, varying
emotion intensities, and real-life acoustic conditions. This
will help improve the model’s generalizability to
uncontrolled, user-generated voice inputs.

Kalmora stands out by using Wav2Vec2-based
voice-only emotion detection, ensuring both emotional
depth and user privacy, while generating wellness tips
aligned with detected emotional states. This voice-first
approach makes Kalmora more intuitive, private, and
context-aware than many existing tools.

VI. FUTURE WORK

Model Validation: Test the emotion recognition
model using varied and authentic speech datasets such as
CREMA-D and RAVDESS for improved accuracy and
robustness.

Hybrid Emotion Analysis: Combine voice emotion
detection with text sentiment analysis to increase
precision, especially for detecting faint emotions like fear
and disgust.

Multilingual Support: Enable the system to recognize
emotional expressions in multiple languages, improving
accessibility and cultural adaptability.

Personalized Recommendations: The current
recommendation engine maps detected emotions to
cognitive behavioral therapy (CBT) techniques using a
static rule-based system. While effective for initial
deployment, this approach does not adapt to user behavior
over time. Future iterations of Kalmora aim to integrate a
machine learning-based recommendation system that
learns from user interactions, emotional history, and
feedback. This would enable the app to deliver adaptive,
personalized wellness suggestions based on long-term
usage patterns rather than fixed mappings.
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User Feedback Loop: Implement a feedback system
where users can rate the relevance of recommendations,
allowing for continuous personalization improvement.

On-Device Emotion Detection: Develop lightweight
emotion detection features that can run directly on the
user’s device, reducing dependence on cloud services and
improving offline access.

Mental Health Support Features: Expand content to
include mindfulness training and breathing techniques
tailored to the user's current emotional state and feedback
history.

Interactive Calendar: Add a feature that lets users
browse and reflect on past voice journals through a
calendar view, helping track emotional patterns over time.

User Testing: The aim of the present user testing loop
became the creation of preliminary proof of concept. The
next stages will be larger, real-life testing with a more
heterogeneous population, including participants of
different ages, potentially speaking a different language
and having diverse cultural backgrounds, to determine the
accuracy of emotional recognition and the overall user
involvement of a high magnitude.

VII. CONCLUSION

Kalmora represents a significant advancement in
digital mental health tools by combining voice journaling
with real-time emotion detection. Its scalable architecture,
high accuracy, and user-centric design make it a promising
solution for enhancing emotional awareness. Future
developments will further refine their capabilities,
ensuring broader accessibility and impact.
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Abstract- Increasing demand for secure, accessible, and
patient-controlled healthcare data systems has exposed the
limitations of traditional centralized electronic health record
(EHR) platforms. These systems often suffer from data
breaches, limited interoperability, and a lack of transparency,
leaving patients with minimal control over their personal
medical information. This paper presents TrustyRecord, a
decentralized medical record management system that
leverages blockchain technology and artificial intelligence
(AI) to overcome these challenges. Ethereum-based smart
contracts are used to manage access control, ensuring
transparency and immutability, while InterPlanetary File
System (IPFS) enables tamper-proof, distributed storage of
sensitive medical data. Additionally, a machine learning
model trained on real-world clinical data performs predictive
analysis, providing patients with early warnings of heart risk
based on extracted health indicators. The system integrates
Optical Character Recognition (OCR) technology to process
unstructured medical files and convert them into structured
data for analysis. TrustyRecord offers a secure, scalable, and
intelligent approach to health data management, enhancing
both patient empowerment and proactive healthcare delivery.

Keywords— Blockchain, Artificial Intelligence, Electronic
Health Records, Smart Contracts, Decentralized Storage,
Predictive Healthcare, IPFS, OCR, Ethereum, Patient Data
Privacy

1. INTRODUCTION

The rapid evolution of the healthcare environment has
intensified the need for secure, efficient, and patient-centric
medical record management systems. Traditional methods,
such as paper-based records and electronic health records,
are increasingly vulnerable to cyberattacks and face
challenges related to data sharing inefficiencies.
Addressing these issues, the TrustyRecord system proposes
an innovative decentralized solution that leverages
blockchain technology and artificial intelligence.

The primary aim of this research is to develop a
decentralized and secure medical record management
system leveraging blockchain technology, alongside an Al
component that predicts potential future health outcomes
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from a patient’s medical records. To achieve this, the study
investigates current medical record systems and identifies
limitations in terms of security, accessibility, and
interoperability. The system incorporates blockchain-based
encryption and access control mechanisms to enhance
privacy and data ownership. Furthermore, an artificial
intelligence model is developed to analyse patient data and
provide predictive insights into possible health risks. The
usability and effectiveness of the application are evaluated
through user interactions with both patients and healthcare
professionals.

This system provides a secure platform where patients
can manage and share their medical records with authorized
healthcare providers. The integration of blockchain ensures
data immutability and transparency, while smart contracts
facilitate automated and secure access controls.
Additionally, Al-powered predictive analytics enable early
detection of health risks, such as heart disease, based on
uploaded medical reports and health indicators.

The development of TrustyRecord involves various
modern technologies, including Ethereum smart contracts,
IPFS for decentralized storage, OCR for automated data
extraction, and a user-friendly web interface built with
React.js. The system is designed to modernize health data
management, improve interoperability, and empower
patients with full control over their medical information,
ultimately contributing to a more secure, accessible, and
efficient healthcare ecosystem.

II. LITERATURE REVIEW

The integration of blockchain and artificial intelligence
(AID) in healthcare has emerged as a solution to long-
standing challenges in medical record management.
Traditional Electronic Health Record (EHR) systems, often
centralized, suffer from data breaches, limited
interoperability, and restricted patient control over personal
health information. Studies have shown that centralized
systems are more vulnerable to unauthorized access and
cyberattacks, resulting in a lack of trust and data privacy
concerns among users [1],[2].
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Blockchain  offers a tamper-proof, transparent
architecture that ensures data immutability and
decentralized access control. By allowing patients to own
and share their medical records securely, blockchain shifts
the power from institutions to individuals. According to
Kaur et al. [3], decentralized record-keeping enhances
auditability and reduces fraudulent activity. Furthermore,
storing metadata (such as content identifiers) on-chain
while keeping actual data in decentralized file systems like
IPFS optimizes performance and cost-efficiency.

On the AI front, machine learning models have
revolutionized healthcare by enabling predictive analytics
for chronic diseases such as heart disease and diabetes. Al
models, when trained with clinical datasets, can identify at-
risk patients with high accuracy and provide timely,
personalized insights [4],[5]. This reduces the dependency
on manual diagnostics and enables proactive care. Rong et
al. [6] emphasize that integrating Al into health systems
improves early diagnosis and decision-making, especially
in resource-limited settings.

Several commercial and academic systems have
attempted to address individual parts of this problem.
MedRec: M uses blockchain for secure document exchange
but lacks predictive capabilities. Epic Systems offers
centralized EHR management but limits patient ownership.
Ada Health provides Al-based symptom analysis but does
not integrate decentralized storage or access control
[71,[8],[9]. This highlights a clear gap: the need for a
unified platform that combines secure, decentralized
storage with intelligent, real-time health predictions.

TrustyRecord aims to bridge this gap by leveraging
Ethereum smart contracts for access control, IPFS for
decentralized storage, and Al for disease prediction,
providing a secure, patient-centric, and intelligent medical
record management system.

Even though many systems have been developed for
electronic health record management, they still have issues
with data security, patient access control, and a lack of an
Al prediction system. The reason is that most of these
systems are centralized. So, these systems are more prone
to cyberattacks. Even though they use blockchain, they
mostly do not use it effectively. This creates a gap for a
system that provides secure, decentralized storage with Al
technology for Predictive analysis. The following Error!
Reference source not found. Show the difference between
the current systems and the proposed system.

TABLE III. RESEARCH GAP

Expanse Free Expensiv | Subscripti | Cost

e on effective
Record Patients Healthca | Shared Patients
Ownership re

Provider

s

III. METHODOLOGY

This research adopts an Agile development methodology
due to the evolving requirements and complex integration
of decentralized systems and artificial intelligence. The
iterative nature of Agile allowed for flexible planning,
regular feedback, and continuous improvement across
development sprints.

A.  System Architecture

Doctor Patient

Off-chain storage of meta
files with synched edge

Smart Contract
Ethereum Network

-y ki
E g

Al Analyze model

Fig. 1. System Architecture

The system architecture integrates three main
components: the frontend web interface, the backend Al
engine, and the blockchain access control layer. The
frontend, built with React.js, enables user interaction for
uploading records, granting permissions, and receiving Al
predictions. The backend, powered by Python and Flask,
manages Optical Character Recognition (OCR) and
predictive analysis. Blockchain integration uses Ethereum
smart contracts to handle decentralized access control and
record tracking.

B.  Decentralized Storage and Access Control

HOW A SMART CONTRACT WORKS

VALIDATORS/PEERS

Existing Systems Proposed
system
Medrec: | Epic Ada TrustyReco
Features M Systems | Health rd
Decentralize | Yes No No Yes
d
Predictive AI | No Limited Yes Yes
Interoperabili | Limited | Yes No Yes ) . )
ty Fig. 2. Blockchain Access Control Mechanism
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Medical records uploaded by users are encrypted and
stored on the Interplanetary File System (IPFS). Each file
is assigned a unique Content Identifier (CID), which is
stored on the Ethereum blockchain via smart contracts.
These contracts manage role-based permissions, allowing
patients to grant and revoke access to doctors. MetaMask is
used to sign transactions securely within the browser,
ensuring that control remains fully with the user.

C. Smart Contract Implementation

Smart contracts are written in Solidity and deployed
locally using Ganache for development and Truffle for
migration. The contracts handle CID registration,
permission granting, and access revocation. Every
transaction is logged immutably on the blockchain to
maintain a verifiable audit trail of record activity. Only
users with a valid wallet address and authorization can
access the records.

D. OCR and Feature Extraction

OCR is implemented using Tesseract and PyMuPDF to
extract structured data (e.g., cholesterol, glucose, age) from
uploaded PDFs or images. A custom mapping logic uses
regular expressions and keyword matching to identify
relevant health metrics, which are then pre-processed for
the Al model.

E. Al Model for Predictive Analysis

Random Forest Classifier

N, features N, foatures N, features N, foatures
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Fig. 3. Random Forest Classifier

The system uses a Random Forest Classifier trained on
the Framingham Heart Study dataset to predict the risk of
heart disease within the next ten years. The model processes
inputs such as cholesterol levels, blood pressure, smoking
habits, and glucose readings. The Al engine returns a risk
classification (low, moderate, or high) in real-time,
providing instant feedback to users.

F.  Technology stack
¢ Frontend: React.js, Web3.js, MetaMask
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e Backend: Python, Flask, Tesseract OCR, Scikit-
learn
¢ Blockchain: Ethereum, Solidity, IPFS, Truffle,
Ganache
o Al Model: Random Forest with performance-tuned
hyperparameters
This modular architecture ensures a scalable, secure, and
user-centric medical record system that combines privacy-
preserving blockchain access with intelligent health
forecasting.

IV. SYSTEM DESIGN AND IMPLEMENTATION

The implementation of the TrustyRecord system
combines decentralized blockchain storage, Al-driven
predictive analysis, and a user-friendly web interface. The
frontend is developed using React.js, enabling patients and
doctors to interact with the system, including
functionalities such as uploading medical records, viewing
Al predictions, and managing access rights. Web3.js is used
to interface with the Ethereum blockchain, and MetaMask
facilitates secure transaction signing directly from the
browser.

The backend is implemented in Python using the Flask
framework to handle server-side processing for OCR and
Al analysis. Uploaded medical documents, either in PDF or
image formats, are processed using PyMuPDF and
Tesseract OCR to extract structured health data such as
glucose levels, cholesterol, age, and gender. A rule-based
mapping engine ensures accurate extraction of medical
features, which are then passed to a trained Random Forest
Classifier.

For storage, encrypted files are uploaded to the
Interplanetary File System (IPFS), a peer-to-peer
decentralized storage protocol. The resulting Content
Identifier (CID) is stored on the Ethereum blockchain
through smart contracts written in Solidity. These contracts
control access permissions, allowing patients to grant or
revoke access to doctors. Ganache is used for local
blockchain simulation, while Truffle manages smart
contract compilation and deployment.

The Random Forest Classifier is trained on the
Framingham Heart Study dataset and fine-tuned using
Scikit-learn. It classifies patients into low, moderate, or
high-risk categories for heart disease within the next ten
years. The Al model processes input either automatically
from OCR or manually via form fields, and predictions are
returned in real-time. This tightly integrated architecture
ensures secure data storage, verifiable access control, and
immediate health insights, making TrustyRecord a robust
solution for decentralized medical record management.

V. RESULTS AND EVALUATION

A. Prediction Performance of the AI Model

The effectiveness of the Al component within
TrustyRecord was evaluated using a Random Forest
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classifier trained using the Framingham Heart Study
dataset. The target variable was the 10-year risk of coronary
heart disease. Records with missing values were excluded
during the preprocessing stage. The dataset was pre-
processed to remove missing values and then split into 80%
training and 20% validation subsets.

To address class imbalance, balanced class weights were
applied during model training. The model’s evaluation
metrics on the validation set are summarized in the Table
IV. These results indicate strong predictive performance,
with a particularly high recall value, which is critical for
minimizing false negatives in medical diagnosis
applications.

TABLE IV. ALEVALUATION MATRICS

Metric Value
Accuracy 88.53%
Precision 87.31%
Recall 89.19%
F1-Score 88.24%
ROC-AUC 0.9563
Fig. 4 Illustrates the confusion matrix of the trained

classifier, highlighting its performance in distinguishing
between patients at risk and not at risk of coronary heart
disease.

Confusion Matrix

True label

Predicted label

Fig. 4. Confusion matrix

The model achieved a high ROC-AUC score of 0.9563,
indicating strong discriminative capability between
positive and negative classes. The corresponding ROC
curve is presented in

Fig. 5.
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Fig. 5. ROC curve

B. Blockchain Evaluation

To evaluate the blockchain component, smart contracts
were deployed and tested on Ganache, a local Ethereum test
network. Performance metrics are summarized in Table V
Demonstrate low gas costs and latency, with 100% success
in access control. These results indicate that the blockchain
layer is efficient in a controlled environment. Scalability
and performance on public networks remain areas for future
investigation.

TABLE V. BLOCKCHAIN PERFORMANCE MATRICS

Metric Value
Average Gas Cost (record | 43700 gas
upload)
Average Gas Cost (access | 39200 gas
grant)
Transaction latency(avg) 3 seconds
Contract Deployment Time 6 seconds
Access Control Logic Success | 100%
Rate

C. Usability Evaluation

Due to the system not being hosted online, usability
testing was conducted in person. Two doctors and nineteen
patients were surveyed via a structured Google Form to
assess system usability, performance, and trust.

Doctor feedback was fully positive. Both participants
rated usability as high (4 or 5), found the interface intuitive
and fast, and confirmed ease in viewing records. Both
described the design as clear; one expressed full trust in
data privacy, the other partial.

Patient responses showed similar trends. Over 68% rated
usability positively (scores 4 or 5), with the rest indicating
a neutral experience (score 3). Only 15.8% reported any
issues. Regarding data safety, 84.2% felt their information
was secure, with a few expressing uncertainties.

Trust in decentralized storage (IPFS) was generally
strong. 63.2% were fully confident, while others showed
partial trust. Most users (78.3%) are comfortable uploading
medical records. Additionally, 94.7% found it easy to
upload and view records. The same percentage considered
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the AI predictions helpful. 89.5% would
recommend the system.

These results collectively indicate that the system
achieved a high level of usability, performance satisfaction,

and user trust among both doctors and patients.

Overall,

VI. CONCLUSION AND FUTURE WORK

A.  Conclusion

TrustyRecord addresses key limitations of current
Electronic Health Record (EHR) systems through its novel
decentralized design, using blockchain and AI. It uses
Ethereum smart contracts and IPFS for secure medical data
storage and patient-controlled access, eliminating central
points of failure and reducing data breach risks. All record
access permissions are immutably logged in the
blockchain, ensuring that transparency and accountability
are often absent in traditional systems. The integrated Al
feature proactively assesses heart disease risk in real-time,
supporting early detection and care.

TrustyRecord was built using tools like React.js, Flask,
Solidity, and Tesseract OCR, and improved step by step
using the Agile method. Tests showed that people found the
system easy to use, even if they didn’t have technical skills.
This project shows how blockchain and AI can work
together to create safer, more user-friendly digital health
systems.

B. Future Work

While the current version of TrustyRecord is functional
and has passed internal validation, several areas remain
open for future development and research:

e Multi-disease Prediction Models: Extend the Al
engine to support predictive analysis for additional
conditions such as diabetes, stroke risk, or liver disease
using larger and more diverse datasets.

¢ Real-World Deployment: Deploy the system on a
public Ethereum testnet or mainnet to assess
transaction costs, latency, and smart contract
performance under live conditions.

e Mobile Application: Develop a lightweight mobile
app for Android and iOS to enhance accessibility for
patients in low-resource settings or remote areas.

By evolving TrustyRecord beyond its current scope, the
project has the potential to become a foundational tool in
the emerging era of decentralized digital health
infrastructure. Ecosystems.
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Abstract— This paper introduces Rolance, a web-based
marketplace platform that bridges the gap between local
printing shops and customers, enabling personalized and cost-
effective print-on-demand services. Unlike global platforms
that prioritize local printing shops to provide their services to
mass customer base locally. Rolance integrates local
businesses, reducing shipping costs and delivery times while
supporting small-scale entrepreneurs. Another specialty is
there are two options to customer as sell their own design
publicly through is platform or use their designs to personal
scenarios. So, there is an opportunity for customers to earn
extra income by selling their designs online. If customers need
to print their design for their personal purpose, users can
directly connect with local printing shops and place order
online. This system has three types of user roles those are
admin, customer and shop owner. As an extra feature there is
a design canvas that allows us to make designs though the
platform while collaborating with others by giving
permissions to join the designing process for selected users.
Each role has a separate dashboard with role specific set of
operations. System testing was done by using Google
lighthouse, Semgrap, Trivy, user feedback and manually
testing through test case report to ensure system met required
performances, security strands and system functional
requirements and objectives. The final deployed system
successfully met all system objectives while ensuring system
useability, scalability, maintainability and performance.

Keywords— Print on demand, E-commerce, local printing
shops, custom merchandise, Digital entrepreneurship

I.  INTRODUCTION

The print on demand (POD) model has revolutionized the
personalized product industry by elimination the need for
inventory and enabling product customization upon order.
Existing platforms like Redbubble and Printful offer global
access but often overlook local market needs and design
privacy, leading to high delivery cost and limited usability
for personal or small-scale users.

This paper presents Rolance, a localized pod web solution
developed using modern web technologies such as React
with Next js, Node js, Tailwind and PostgreSQL. This
platform empowers customers to connect directly with
nearby printing shops and supports features such as
public/private design option, real time design collaboration
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and flexible order placement. It aims to offer a consumer
centric new on demand ecosystem focus on community
driven production and helps to growth of local economies
by helping small businesses.

II. LITERATURE REVIEW

A.  Existing platforms and Services

Printful is leading platform in print on demand United
States companies established in 2013 globally and some of
the not available to all countries.it makes a connection
between artists and online store owners and customers and
mainly focused on drops hoping methods by integration
with multiple e-commerce platforms like Shopify,
WooCommerce, and Amazon which allows to allow sellers
to sync their other platforms with Pointful [4]. next
specialty is providing tools such as mock up generators and
allow customer to view their designs with different
products such mish, phone cases and T-Shirts [4]. print
provides mobile app to manage order through app.
Redbubble is Australian global company that popular as
Print on demand online platform since 2012.1t is based on
user gigs, mainly the proses is there two types of account s
one for customers and another type for sellers. This system
works as a service provides rather than a direct seller, it
affects some legal problems such as copyright law under
Australian law [2]. Next problem is this platform focused
on global production it does not include private needs, local
printing shops contribution moreover it does not have
design visibility control options that means users cannot
keep their designs private.

B.  Print industry challenges

With the growth of digital marketing traditional print media
such as books newspapers and magazines dement was
getting decrease. Development of digital media platforms
reduce the usage of traditional media printed materials.
Peoples adaptative to those digital media because of those
rateability and cost effectiveness [10]. The lack of digital
marketing knowledge slowdown their adaptability for the
digital media. When the adaptation to digital media and
information technology it makes need of skilled workers to
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the industry but many of existing employees does not have
knowledge to work with modern technologies and
software.

C.  Future of e-commerce industry

In future e-commerce application provide more
customization option for customers to give more
personalize shopping experience through the platform by
analysing customers behaver pattens and user
preferences using advanced algorithms. with this
concept the platform provides targeted advertising,
location-based services and personalize product
suggestions [9]. This also helps to improve customer
user experience and high conversion rate for products
with customer loyalty.

In future e-commerce application provide more
customization option for customers to give more
personalize shopping experience through the platform by
analysing customers behaver pattens and user
preferences using advanced algorithms. with this
concept the platform provides targeted advertising,
location-based services and personalize product
suggestions [9]. This also helps to improve customer
user experience and high conversion rate for products
with customer loyalty.

III. MARKET RESEARCH

For the market research the researcher conducts a
survey by using google forms and share for diverse
groups to gather user required features, feedback about
existing print on dement platforms and user behaviour
pattens in platforms that helps to increase useability
factors of the proposed project.

25.2%

®Don't have unique

24.2% ® Longer Shipping ti
® High price
. Design Creation
32.2% ® Limited customizat
9.3%

9.1%
Fig. 1. Existing platforms problems competition

Fig. 1 pie chart shows problems of existing platforms
according to user experiences.32% of user unique design
problem of the platform. almost equal percentage shows
for shows for long shopping time problem as 25% and
high price as 24% problems. Moreover, design creation
and limited customization options shows almost shows
equal percentage as 9% .so the researcher can conclude
high price and longer shipping time and unique designs
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problems as major problems existing print on demand
platforms.

IV. PROJECT DEVELOPMENT METHODOLOGY

in the development process the Rolance project fallows
spiral methodology as a risk manageable and iterative
method because of the complexity of development .the
advantages of the use of spiral methodology in this project
was it allows project risk mitigation, continuous
refinements and scalable development that supports
address to align project innovative scope and full fills user
centred goals .according to this approach the entire project
divided into four main Cycles those are Cycle 1: main
features development, Cycle 2: shop listing and design
visibility, Cycle 3: order management and Cycle 4: testing,
deployment, and feedback.

V. SYSTEM DESIGN

The frontend implementation of the Rolanse print on
demand web site provides user cantered design with
responsive interfaces that enabled user authentication,
design customization, shops browsing, designs browsing,
role based dashboards, order management, that addresses
the platform objectives of build seamless connection with
local printing shops and customers .build with Next js ,
Tailwind CSS, React Konva, Shadcn Ul, Framer motions
and Lucide react The backend implantation of the Rolance
print on demand web site power the platform data
management process by API services, user authentication
using java web tokens, external integrations, shop listing,
order processing email notification using Nodemailer and
design uploads that build with express, Prisma with neon
database and uplordthing.

Fig. 2 shows Rolance system architecture diagram. The
platform fallows client server architected design and
standard web application designing principals to ensure
modular, efficient and scalability of the connection between
user and system. The mainly fallows 3 layers those are
client-side server side and external services as illustrated

Client (React/Next js)

s Ul Components (Tailwind)
Neon (PostgreSQL
. Design Canvas (Konva) ( gresaL)

=  Pages (/design, /shops) _ Prisma ORM

5,
@,
% &
% §
%
%
" Server (Node.js/Express.js) .
File Uploads, Email | EXternal Services
REST ful APl :
Authentication (JWT) * Uploadthing
Business Logic * Nodemailer

Tables (Configuration Order)



Fig. 2. Rolance system architecture

Fig. 3 shows shop listing pages list downs all local
printing shop of logged customs county after choose shop
button in design previous page as next step of placing order
peoceses.it features filterable list of shops from all
registered shops in the system precent as cards with details
like shop name shop rating and shop country with place
order button. The design uses a grid layout for make page
responsive that ensure accessibility across any devices

When we discus about functions of this page this page
has filtering slider to filter shops by star rating by 0 to 5 .and
users can give rating to selected shop by clicking star. The
page only list down local shops of the logged customers
country and it will show as text in header section of the page
with country name. After user chose the shop, the customer
can click places order button to send order details to shop
owner to approval. This page address Rolance goal of local
shop integration with a clean and minimalist design that
reduce cognitive load time.

£ Logaut Products

Rolanase

Shops in United States

Filter Shops

1

Q.02 shop 1 shop 5

Fig. 3. Shop listing page

Fig. 4 shows the admin dashboard that can use to
represent all role-based dashboards user interfaces that
focused simple minimalistic design with user friendly
workflow. when consider this dashboard it shows 4 main
functionalities that can use only for system admin as grid
layout as cards with visual represents images that describes
what this function about.

Shop management — this will list down all shops that
allow to admin to view registered shops details such as
username, shop name, Email address, contact number,
country, address and joined date. The admin can have two
action to manage shops those are edit shop details and
delete shop by the system

Users’ management — this will list down all users that
allow to admin to view registered users details such as
username, Email address, country and joined date. The
admin can have two action to manage users those are edit
shop details and delete shop by the system

manage designs — this will list down all design that
submitted by customers to sell publicly. Each design shows
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design title design description and design states with
approve, reject view details and view configuration buttons.
The design has three dynamic status those are pending
approved and rejected. If admin approved the design the
states changes to approved it will visible in product page
also if admin reject the design the will changes to reject and
design will remove form database .each states changes
should notify the design owner by email.to make those
decisions admin has another two buttons called view details
button that allows to view design details like final product
view, design title, description design tags and commission
rate and view configuration button that allows to view
design  configuration  details such as  model
name ,material ,finish method ,colour and design
dimensions to get complete idea about the design before
accept or reject that design.

) [+ Logout Admun Dashboard v
Rolanse O Lot R oot o
Admin D; d Wel to Your Dashb d
‘- - *
" k. -
B G . & ’ " .

shop management users management manage designs.
°

Fig. 4. Admin dashboard page

Fig. 5 shows the design canvas allows users to create
personalize printable designs with real time preview. all the
tools and options divided to five main section to improve
usability first one is tools tab that provides four types of
brushes, two Shapes, text tool, Erase, cut tool, Move tool
Width slider and Opacity sider. Seconded one is colours tab
that provides change stoke colour option, change
background colour option, colour Gradient option and
change shapes fill colour option. Third one is text tab that
provides customer to add texts. Fourth one is action tab that
contains all action buttons such as undo button, redo button,
clear button, upload button, save new design button, export
and save design buttons

Rolanse e A e
]
Fig. 5. The design canvas user interface
VI. TESTING AND EVALUATION
47



The testing proses includes a combination manual testing
and automated testing by conduct unite testing, integrate
testing and system testing to fined individual functions and
models behaviour. Additionally, user acceptation testing
was conduct with low sample size by 5 shop owner and 10
general customers to get an idea about system usability,
clarity and business opportunities for both parties of the
platform.

For the system performance testing conduct by google
light house as widely recommended standard tool use to
teats website performance and responsiveness across
mobile and desktop devices.

The complete test case document was marketed to check
all project manually and make a record that works as
expected and identify ant issues during the testing. Also, the
full system tested manually with cross browsers and mobile
devices to ensure crass platform compatibility and
responsiveness.

Google light house test was performed to fined SEO
score, site performance, accessibility and best practice
though eight main site pages.

TABLE I
GOOGLE LIGHT HOUSE RESULTS SUMMARY TABLE

Page Performan | Accessibili | Best SE

ce ty Practic | O
es

Home page | 99 94 96 100

Login page | 100 96 100 100

Product 87 87 100 100

page

Shops page | 100 81 100 100

Design 100 81 100 100

canvas

page

Design 99 59 93 80

configurati

on page

Upload 100 82 100 91

page

the Semgrep is use as automated testing in git hub action
that automatically triggers on every commit.it use
p/security-audit, p/xss, p/javascript, p/react, and
p/typescript rules to fined security vulnerabilities such as
SQL injections, cross site scraping and insecure react
patterns

the Trivy is use as automated testing in git hub action
that automatically triggers on every commit. The scan tests
the system filesystem, node js dependencies and
configuration files and the founded vulnerabilities are
filtered as critical and high severity vulnerabilities. The
scan result is export as JSON format and results are shows
in read me section.
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during the general customer feedback sanction all
participations complete all tasks successfully and most of
the customers give positive feedback with some
recommendations. Those are adding more design cavers
tools, add shop rating system, all colour picker box instead
of using 3 color selectors in design configuration page and
add more product categories.

during the general shop owner feedback sanction all
contributions complete all tasks successfully and as
recommendations ask for add shop owned defined discount
and promocode method and shop owner defines price tags
to each product and automated SMS notification for each
new order.

VII. CONCLUSIONS

The development of the Rolance print on demand
platform has become a highly valuable experience that
supports me to enhance my technical skills, critical thinking
and project management skills. From project planning to
implementation journey conduct market research, choose
suitable technologies, overcome technical limitations and
align project work with user needs and supervisor feedback.

The Rolance platform successfully addresses limitations
in current POD platforms by integrating local printing
shops, enhancing design privacy and customization, and
enabling user collaboration. This approach has motivated
me with confidence and capability to develop scalable,
useful digital solutions to support local businesses and
serve the printing industry

In summary this project gives a strong starting point for
fully functional digital solutions that support designers,
printing industry and customers looking for personalized
merchandise. With future work and real-world
implementation this project can make meaningful
contributions to the digital ecosystem.

ACKNOWLEDGMENT

Gratitude is extended to supervisor Mr.Heshan Gallage for
his grate guidance and continues support provider
throughout the project timeline, also thanks to my
undergraduate project module lecture Dr. (Ms.) Gayana
Fernando and academic staff of the Department of
computer science and technology of university of
Bedfordshire for teach me fundamental knowledge and
skills required to complete this project.

Lastly, I acknowledge the Josh tried upstash YouTube
channel tutorials and open source and free technologies
(nodemailer, Gmail STMP server, Neon database and
uploading) free plans and Railway web hosting service to
give free credits to host the site that made the
implementation and deployment of the project possible.
Claude Al and grok support to improve coding efficiency
and save time during the development process.

48



This project has been a rewarding invaluable experience
not only for academically but also personally and thank for
everyone who played a part in it.

REFERENCES

[1] “View of Copyright Protection of Graphic Design Works on Print on

Demand,” Ump.ac.id, 2025.
https://conferenceproceedings.ump.ac.id/pssh/article/view/1075/11
62.

[2] D.J. Brennan, “Selling Printed Goods or Facilitating Printing Gigs:
The Redbubble Puzzle,” papers.ssn.com, Jun. 11, 2019.
https://papers.ssrn.com/sol3/papers.cfm?abstract id=3402267

[3] E. Peurell, “Print on Demand in Sweden: Four Projects and their
Products, Problems and Prospects.” Accessed: Jun. 28, 2025.

[Online]. Available:
https://elpub.architexturez.net/system/files/pdf/9918.content.00670.
pdf

[4] A. Hsieh, “Sensitivity:  Internal,”  2020.  Available:
https://www.theseus.fi/bitstream/handle/10024/342902/Hsieh Wei-
Han.pdf?sequence=2&isAllowed=y

[S] M.Lee, H. Y. Lee, and M.-G. Yoon, “Website development strategy
for e-Commerce success,” IEEE Xplore, Jul. 01, 2010.
https://ieeexplore.ieee.org/document/5668441

[6] E. Chamberlain, “Investigating Faster Techniques for Digitization
and Print-on-Demand,” New Review of Academic Librarianship,
vol. 18, no. I, pp. 57-71, Apr. 2012, doi:
https://doi.org/10.1080/13614533.2012.660769.

[7]1 S. Greenstein, “Creating a platform for costless personalization in
clothing,” Frontiers in Research Metrics and Analytics, vol. 7, Sep.
2022, doi: https://doi.org/10.3389/frma.2022.990352.

[8] A.Mohdhar and K. Shaalan, “The Future of E-Commerce Systems:
2030 and Beyond,” Recent Advances in Technology Acceptance
Models and Theories, vol. 335, pp. 311-330, Mar. 2021.

[9] R. Fedorko, S. Kral, and R. Ba¢ik, “Artificial Intelligence in E-
commerce: A Literature Review,” Lecture Notes on Data
Engineering and Communications Technologies, vol. 111, no. 2, pp.
677-689, 2022, doi: https://doi.org/10.1007/978-981-16-9113-3_50.

[10] L. Amri, D. Farani, N. Ali, and R. Anwar, “The Challenges and
Strategies of Printing Industry,” Proceedings of the First Jakarta
International Conference on Multidisciplinary Studies Towards
Creative Industries, JICOMS 2022, 16 November 2022, Jakarta,
Indonesia, 2022, doi: https://doi.org/10.4108/eai.16-11-
2022.2326107.

Annual Research Conference of SLIIT City UNI - 2025

49



An Al-Powered Web Application for Waterfall
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Abstract— This research presents the development of Falls
Explorer Sri Lanka, a mobile-responsive web application that
uses artificial intelligence for automatic waterfall recognition.
The core innovation lies in applying a custom-developed
convolutional neural network (CNN) to classify waterfall
images based on their visual features. A custom image dataset
was created by collecting and organizing photos of popular
waterfalls in Sri Lanka, and the model was trained using
TensorFlow. The custom CNN model achieved 92%
validation accuracy after 25 epochs of training, with inference
times under 1 second per prediction. The system successfully
classified waterfall images across 20 different waterfall classes
with precision scores ranging from 88% to 95%. Users upload
a photo of a waterfall through the interface, and the system
returns the predicted waterfall name along with travel details
from a local JSON database. In addition to the recognition
feature, the platform offers comprehensive functionalities
such as displaying detailed waterfall information (name,
location, description), listing nearby hotels, showing current
weather forecasts for safe travel planning, hosting a
community forum for users to share experiences and images,
providing a carbon footprint calculator to estimate travel
impact, and an interactive location search map to explore
specific sites manually. This solution bridges the gap between
technology and ecotourism, supporting conservation-friendly
tourism by enabling travellers to appreciate natural
attractions without invasive markers or infrastructure.

Keywords—  Image  Classification, Waterfall

Recognition, TensorFlow, Ecotourism

Al

1. INTRODUCTION

Ecotourism in Sri Lanka is growing rapidly [19], with
waterfalls among the most sought-after attractions due to
their scenic beauty and geographic diversity [20-22].
However, many visitors face difficulties in identifying
these natural wonders, as traditional guidebooks and maps
often lack detailed information

[23]. In response to this challenge, this research
introduces Falls Explorer Sri Lanka, a web-based
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application that leverages artificial intelligence to
recognize waterfalls from images uploaded by users [24].

The system uses a convolutional neural network (CNN)
trained on a custom dataset of Sri Lankan waterfalls to
classify images in real-time [25]. It is supported by a
FastAPI backend for Al inference and a React.js frontend
for user interaction. Upon recognition, the application
presents information such as the waterfall's name, location,
and description from a structured data file. This integration
of Al and tourism promotes sustainable exploration by
reducing the need for physical signposts and enabling
digital navigation through natural sites [18],[13]. By
combining image recognition with tourism-specific
features, the proposed solution enhances the visitor
experience and exemplifies how smart technologies can
support the ecotourism sector in a meaningful way.

The motivation for this project became apparent
from the growing demand for limited travel tools that
provide opening interests like waterfall exploration [17].
Present systems like Google Maps or TripAdvisor, provide
common-purpose navigation and reviews but fail to provide
detailed, occasion-dependent information about waterfalls
in Sri Lanka [4]. Furthermore, these platforms infrequently
highlight sustainability, a critical aspect as tourism crashes
fragile

ecosystems. Falls Explorer tries to fill this emptiness by
offering an extensive solution that combines Al-based
waterfall detection, eco-tourism tips, calculating carbon
footprint, and a place for users to share their experiences.
This project not only increases user convenience but also
positions with global trends toward sustainable tourism and
technologically advanced nature exploration [13].

II. RELATED WORK
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Artificial intelligence and machine learning have been
increasingly integrated into tourism applications to enhance
user experiences through automation and personalization in
recent years. Notable applications include Google Lens and
PlantNet, which use image recognition to identify
landmarks, plants, and animals. These systems rely on large
datasets and deep learning models such as convolutional
neural networks (CNNs) to extract visual features and
perform classification.

A. Importance of Waterfall in Tourism

Waterfalls are major ecotourism attractions, blending
scenic beauty, adventure, and cultural relevance.
Destinations like Bambarakanda and Diyaluma contribute
significantly to Sri Lanka’s eco-tourism [1]. Their tranquil
environments promote physical and mental well-being [2].
With nature-based tourism on the rise [3], integrating
digital tools can enhance accessibility and traveler
engagement.

B. Role of Mobile Applications in Tourism

Mobile apps revolutionize tourism by offering offline
access, GPS navigation, and real-time content [4]. Apps
like AllTrails support exploration even in low-connectivity
areas. Research highlights their role in promoting
sustainable tourism via digital guides, paperless systems,
and eco-awareness [5].

C. Al-Based Natural Landmark Recognition

Al tools such as Google Lens use computer vision and
deep learning to identify landscapes instantly, enhancing
the travel experience [6] CNNs have proven effective in
recognizing natural scenes even under poor lighting or
partial obstruction [7].

D. Community Interaction and User Content

User-generated content (UGC), including reviews,
images, and shared experiences, builds trust and drives
tourism decisions [8],[9]. Platforms integrating community
forums foster collaboration and immersive experiences
[10].

E. Eco-friendly and Sustainable Tourism
Technology-driven tourism platforms promote eco-
conscious travel by offering weather alerts, eco-tips, and
carbon-tracking tools [11],[12]. Studies emphasize
cooperative efforts between travelers and locals for

responsible environmental management [13].

F. Al in Image Recognition
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CNNs and deep learning have transformed image
recognition, offering high accuracy for classifying visual
data [14]. Though transfer learning with pre-trained models
like VGGI16 is popular, custom training on specific
domains yields better results when data is limited [15],[16].

G. Gaps in Sri Lanka’s Tourism Technology

Despite its natural wealth, Sri Lanka lacks centralized
platforms for eco-tourism. Existing apps often miss critical
features like community input, real-time updates, or
sustainable travel tools [17],[18]. This limits the potential
to engage modern, eco-aware travelers.

H. Related Systems Overview

AllTrails: Great for hiking but lacks waterfall-specific
features.

ViewRanger: Strong GPS support but lacks cultural and
natural landmark details.

Google Lens: Offers instant recognition but lacks tourism-
specific features.

iNaturalist: Excellent for flora/fauna ID but not focused on
travel or navigation needs.

III. METHODOLOGY
A. Data and Dataset Collection

A combination of primary and secondary data
collection methods was used:

e Secondary data included information about waterfalls
from tourism websites, research papers, and official
databases. This enriched the database with names,
historical relevance, and location-specific information.

e Primary data involved a user survey aimed at local
travelers and photographers. Insights on app features,
travel habits, and eco-awareness were collected and
used to shape system functionalities.

The dataset consists of manually collected images of Sri
Lankan waterfalls, organized in folders where each folder
represents a specific waterfall class. Images were sourced
from personal collections, resulting in approximately 100—
200 images per class. The dataset was split into training
(80%) and validation (20%) subsets. Images were resized
to a uniform resolution (e.g., 224x224 pixels), normalized,
and augmented through techniques such as rotation,
flipping, and brightness adjustments to improve model
robustness.

B. Model Architecture
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A custom convolutional neural network (CNN)
architecture was developed and trained from scratch
specifically for the waterfall recognition task. CNNs are
particularly well-suited for image recognition tasks due to
their ability to capture spatial hierarchies in visual data.
While alternative models such as SVMs or random forests
can be used for image classification, they cannot learn
spatial features directly from raw pixels. Additionally,
CNNs outperform traditional models in terms of accuracy
and computational efficiency when handling high-
dimensional image data. The model consists of several
convolutional layers followed by max-pooling layers to
extract hierarchical image features. These layers are then
followed by fully connected dense layers for classification.
ReLU activation functions were used in the intermediate
layers to introduce non-linearity, and a softmax activation
was applied in the output layer to produce a probability
distribution over the waterfall classes. The model was
compiled using the Adam optimizer and categorical cross-
entropy as the loss function. Training from scratch allowed
for optimal tuning of the architecture to the specific
characteristics of Sri Lankan waterfall images, rather than
relying on features learned from unrelated datasets.

START
i

User uploads an Image
{
Preprocess Image
i

Pass the image to Al model

i

Al model performs classification

4
vEs.— Waterfall
l_

—no
recognized?
Retrieve waterfall name

4 Display “No match
Fetch data from JSON found!” message

: l

Display waterfall info to user

Fig. 6. Flow Chart for Image Recognition

C. Model Training

Model training was conducted using TensorFlow and
Keras. The training was carried out over 25 epochs with a
batch size of 32, and the model achieved convergence with
an accuracy exceeding 90% on the validation set. A
learning rate scheduler was used to reduce the rate as
training progressed, and early stopping was implemented to
prevent overfitting.

D. Model Deployment
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After achieving satisfactory accuracy, the trained model
was exported in .h5 format and integrated with a FastAPI
backend. The backend exposes a RESTful API that receives
a base64-encoded image via a POST request and returns the
predicted waterfall name. The frontend, built with Node.js,
sends the image to the API and displays waterfall details
retrieved from a JSON file based on the prediction.

IV. RESULTS AND DISCUSSION

The custom-trained CNN model achieved high
classification accuracy on the validation dataset,
demonstrating strong generalization across different
waterfall image samples. After training over 25 epochs, the
model reached a validation accuracy of approximately
92%, indicating that the features learned from scratch were
effective in distinguishing between various waterfalls. The
model also performed well on unseen test images,
validating its robustness under real-world conditions.

Inference speed was tested using the FastAPI backend
and showed response times of under one second per
prediction, making it suitable for real-time applications.
Integration with the Node.js frontend enabled seamless user
interaction. The model's predictions were linked with a
local JSON file that stores metadata such as the waterfall's
name, location, and description, allowing the app to serve
both identification and informational purposes.

TABLE 6 COMPARATIVE ANALYSIS OF Al MODELS FOR RECOGNITION

Model Accurac | Precisio | Recal | FI- Inferenc
y n 1 Score | e Time

Custom 92% 91% 90% 90.5 <1ms

CNN %

VGGl6 89% 87% 85% 86% ~1.5s

MobileNetV | 85% 84% 82% 83% ~0.9s

2

SVM 73.2% 72.8% 73.0 72.9% | 300ms

%

Challenges encountered included dealing with image
noise, similar visual patterns among some waterfalls, and
dataset limitations in terms of size and diversity. Future
work will involve expanding the dataset, enhancing
augmentation strategies, and exploring lightweight
deployment options for offline use. Overall, the system
demonstrates how Al can support nature-based tourism and
enrich user experiences through intelligent automation.
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Model Loaded Successfully!
Started server process [ ]
Waiting for application startup.
Application startup complete.

1/1 1s 527ms/step
Predicted: Aberdeen Falls, Confidence: 1.0@
127.8.0.1:58889 - "POST /predict/ HTTP/1.1"

Fig. 7. Level of Accuracy after an Image has been identified
A. Confusion Matrix

To evaluate the AI model’s classification performance a
confusion matrix was used. The following shows how it
was calculated.

Accuracy — Equation (01) calculates the overall
correctness of the model:

TP + TN
TP+ TN+ FP + FN

Accuracy =

Uy

F1 Score — Equation (02) balances precision and recall,
mostly useful for imbalanced datasets.

Precision x Recall

Precision + Recall
(02)

Precision — Equation (03), calculation of the correct
waterfall after prediction

TP
Precision =

TP + TF (03)

Recall — Equation (04), calculation of how many
waterfalls were correct after recognition.

TP

Recall =

TP + TF (04)
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Fig. 8. Confusion Matrix for Accuracy Testing of Waterfall Images

Tested a variety of waterfall images using a large
validation dataset under different conditions.

V. CONCLUSION

This research introduces an Al-powered solution for
enhancing ecotourism in Sri Lanka through the Falls
Explorer with Al Assistant Sri Lanka web application. By
training a convolutional neural network from scratch, the
system is capable of accurately identifying waterfalls based
on image input, offering tourists a smart and interactive
method to explore natural attractions. The integration of a
custom-trained model with a FastAPI backend and a
Node.js frontend showcases the potential of full-stack Al
deployment in practical applications.

The system not only provides identification but also
delivers meaningful contextual information, enhancing
both accessibility and educational value. This paper
demonstrates the feasibility of using lightweight, domain-
specific Al in natural environments and highlights its
benefits in promoting sustainable and non-invasive
tourism. Future enhancements will focus on dataset
expansion, offline capabilities, and the inclusion of
additional natural features, such as voice features or
multilingual language, to broaden the application's utility.

ABBREVIATIONS

Al - Artificial Intelligence, CNN - Convolutional Neural
Network, TP -True Positive, TN — True Negative, FP —
False Positive, FN — False Negative.
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Abstract— Cricket broadcasting has evolved significantly
with technological advancements, yet traditional systems
remain fragmented and technically complex for
broadcasters. This research presents Bat.CG (Cricket
Character Generator), an innovative web-based application
that integrates customizable broadcasting graphics with real-
time scoring, neural network-driven predictions, and
enhanced audience interaction. The system addresses critical
gaps in existing broadcasting infrastructure by providing a
unified platform that eliminates the dependency on separate
Character Generator (CG) and ball-by-ball scoring systems.
Through comprehensive market research involving 81
industry professionals, this study identified key requirements
including customizable graphics (99% demand), emergency
score updating capabilities (87.7% essential), and integrated
CG-scoring systems (49.4% extremely valuable). The
proposed solution utilizes the MERN stack (MongoDB,
Express.js, React, Node.js) architecture with hybrid neural
network and regression models for match predictions. Key
innovations include drag-and-drop graphic customization
without  programming knowledge, real-time data
synchronization with sub-second latency, role-based access
control, and interactive viewer engagement features. The
system's modular design ensures scalability, security, and
accessibility while maintaining professional broadcast
quality. This research contributes to democratizing cricket
broadcasting technology and establishing a foundation for
future sports media innovations in developing regions.

Keywords— Cricket Broadcasting, Character Generator,
Real-time Systems, Neural Networks, MERN Stack, Sports
Technology, Broadcasting Graphics

1. INTRODUCTION

The cricket broadcasting industry has undergone
substantial transformation with the integration of digital
technologies, evolving from basic score displays to
sophisticated multi-dimensional graphics systems [1].
However, current broadcasting infrastructure presents
significant challenges for emerging broadcasters and
smaller organizations due to fragmented systems,
technical complexity barriers, and lack of customization
capabilities [3].

Traditional cricket broadcasting relies on separate
Character Generator (CG) systems for graphics display
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and independent ball-by-ball scoring platforms, creating
synchronization issues and operational inefficiencies [4].
The CG operator typically works in broadcast control
rooms managing graphical elements, while ball-by-ball
operators update scores from stadium score boxes, leading
to communication delays and potential human errors
during live broadcasts [2].

Industry analysis reveals critical gaps in existing
solutions. Current systems like GT Designer require
extensive  programming knowledge for  graphic
customization, while emergency backup systems for score
updating are virtually non-existent [9]. The lack of
audience interaction features, and Al-powered analytics
further limits the engagement potential of modern cricket
broadcasts [6].

TThis research addresses these fundamental challenges
through the development of Bat.CG, a comprehensive
web-based cricket character generator that unifies
broadcasting graphics, real-time scoring, neural network
predictions, and audience interaction in a single platform.
The system leverages modern web technologies and
artificial intelligence to democratize cricket broadcasting
while maintaining professional quality standards suitable
for both major broadcasters and emerging media
organizations.

II. LITERATURE REVIEW AND PROBLEM ANALYSIS

A.  Evolution of Cricket Broadcasting Technology

Cricket broadcasting has progressed through distinct
technological phases, each bringing new capabilities and
challenges. The static graphics era (1990s-2000s) featured
basic score overlays and simple statistical displays. The
dynamic CG systems period (2000s-2010s) introduced
animated graphics, player profiles, and real-time statistics
integration. The current Al-enhanced phase (2010s-
present) incorporates predictive analytics, advanced
visualizations, and interactive elements.
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Research by Ahmed and Patel [1] demonstrates that
modern broadcasting systems require seamless integration
of multiple data sources, real-time processing capabilities,
and customizable visual elements to meet contemporary
audience expectations. Williams [3] emphasizes the
importance of web-based design tools that eliminate
technical barriers while maintaining professional quality
output.

B.  Current System Limitations

Extensive analysis of existing cricket broadcasting
infrastructure reveals several critical limitations that
impact operational efficiency and accessibility. The
primary challenge lies in system fragmentation, where
Character Generator platforms operate independently from
ball-by-ball scoring systems, creating synchronization
issues and potential data inconsistencies during live
broadcasts.

Technical complexity represents another significant
barrier. Current solutions like GT Designer require
specialized programming knowledge for graphic
customization, limiting accessibility for smaller
broadcasting organizations. Rahman [4] notes that
software-based character generators often lack intuitive
interfaces, creating dependencies on technical specialists
for routine graphic modifications.

Security vulnerabilities pose additional concerns in
real-time broadcasting environments. Many existing
systems lack robust authentication mechanisms and data
encryption protocols, potentially exposing sensitive match
information to unauthorized access. Kumar and Singh [2]
identify that inadequate security measures can
compromise broadcast integrity and violate data protection
regulations.

C. Market Research Findings

Comprehensive market research involving 81 industry
professionals across various broadcasting roles revealed
significant gaps in current solutions. The survey included
ball-by-ball scorers, CG operators, broadcast directors,
and technical coordinators from different organizational
scales.

Key findings demonstrate overwhelming demand for
integrated solutions. 99% of respondents expressed the
need for customizable CG capabilities without
programming requirements, while 87.7% considered
emergency score updating capabilities essential for
broadcast continuity. Notably, 49.4% rated CG-scoring
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system integration as extremely valuable, highlighting the
industry's recognition of fragmentation issues.

The research also revealed specific feature
requirements including real-time synchronization (92%
importance), audience interaction capabilities (73%
desired), and Al-powered analytics (61% interested).
These insights directly informed the Bat.CG system design
and feature prioritization.

D. Artificial Intelligence in Sports Broadcasting

The integration of artificial intelligence in sports
broadcasting has gained significant momentum, with
neural networks and machine learning algorithms
providing enhanced predictive capabilities and automated
content generation. Chmait and Westerbeek [6]
demonstrate that Al applications in sports research have
expanded beyond basic statistics to complex pattern
recognition and outcome prediction.

Moodley et al. [7] showcase the potential of deep
learning architectures in cricket analysis, specifically for
technique recognition and performance evaluation. Their
work on automated batting technique analysis provides a
foundation for understanding how neural networks can
process cricket-specific data patterns.

Subburaj et al. [8] presents machine learning models
for Twenty20 cricket match prediction, demonstrating the
feasibility of Al-driven analytics in real-time broadcasting
scenarios. Their research indicates that hybrid approaches
combining multiple algorithms can achieve higher
accuracy rates compared to single-model implementations.

[II. METHODOLOGY

A. Research Design Framework

This research employs a comprehensive mixed-
methods approach integrating quantitative market
analysis, qualitative user experience evaluation, and
iterative development methodology. The framework
combines industry requirements analysis, technological
feasibility assessment, and performance evaluation
protocols to ensure practical applicability and academic
rigor.

The research methodology follows Design Science
Research principles, emphasizing problem identification,
solution design, development, demonstration, and
evaluation phases. This approach ensures that the Bat.CG
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system addresses real industry challenges while
contributing to academic knowledge in sports broadcasting
technology.

B.  System Architecture Design

The Bat.CG system architecture utilizes a modular
MERN stack implementation designed for scalability,
performance, and maintainability. The architecture
comprises five primary layers: presentation, application,
business logic, data management, and infrastructure.

The presentation layer implements a React-based
single-page application featuring drag-and-drop graphic
customization interfaces, real-time data visualization
components, and responsive design elements. Component-
based architecture ensures reusability and maintainability
while providing intuitive user experiences for both
technical and non-technical users.

The application layer leverages Node.js with
Express.js framework for API management, request
handling, and middleware integration. RESTful API
design principles ensure consistent data exchange between
frontend components and backend services, while
WebSocket implementations enable real-time data
streaming for live match updates.

The business logic layer incorporates the Al prediction
engine, implementing hybrid neural network and
regression models for match outcome analysis. This layer
also manages user authentication, role-based access
control, and data validation processes to ensure system
security and integrity.

C. Artificial Intelligence Implementation

The AI component of Bat.CG employs a single
optimized neural network architecture for comprehensive
match prediction capabilities. After extensive comparative
analysis of multiple approaches including hybrid models,
the single neural network implementation demonstrated
superior performance with optimal computational
efficiency for real-time broadcasting applications.

Neural Network Architecture: The optimized neural
network utilizes a multi-layer perceptron architecture with
backpropagation learning algorithms to identify complex
patterns in historical cricket match data. The architecture
consists of:
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Training Data and Performance:
encompasses historical match records
international cricket (2002-2023), including:

Training data
from ODI

e Dataset Size: 4,847 matches with comprehensive
feature engineering

e Feature Categories: Team  statistics, venue
information, weather conditions, player availability

e Validation Method: 5-fold cross-validation with 70-
15-15 train-validation-test split

e  Final Performance: ROC AUC = 0.7189, representing
superior accuracy compared to traditional ML
approaches

Real-time Inference Optimization: The single neural
network architecture enables:

e  Concurrent Processing: Handles multiple prediction
requests simultaneously

e APl Integration: RESTful endpoints for seamless
system integration

D. Real-time Data Processing

Real-time data processing represents a critical
component of the Bat.CG system, enabling sub-second
latency updates for live broadcast applications. The
implementation utilizes WebSocket connections for
bidirectional communication between client applications
and server infrastructure.

The data processing pipeline incorporates multiple
stages: data ingestion, validation, transformation, and
distribution. MongoDB's change streams functionality
enables real-time monitoring of database modifications,
triggering immediate updates to connected client
applications.

IV. SYSTEM DESIGN AND IMPLEMENTATION

A. Frontend Development

The frontend implementation emphasizes user
experience  design principles while maintaining
professional broadcasting standards. React components
utilize modern hooks-based architecture for state
management, ensuring optimal performance and code
maintainability.

The drag-and-drop graphic customization interface
employs HTMLS Canvas API for real-time graphic
rendering and manipulation. Users can create custom score
bugs, wagon wheels, Manhattan charts, and player
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statistics displays through intuitive visual interfaces
without requiring programming knowledge.

/BatC

Crickgt's

Figure 1 shows the home page of the website, where
users begin their interaction with the system. Responsive
design implementation ensures compatibility across
various devices and screen resolutions, enabling operation

Fig 7 : Home page
from stadium control rooms, broadcast centers, and remote
locations. The interface adapts to different user roles,
presenting relevant features and controls based on
authentication levels.

B.  Backend Infrastructure

The backend infrastructure implements microservices
architecture principles to ensure scalability and
maintainability.  Express.js = middleware  handles
authentication, request validation, and error management
across all API endpoints.

Database design utilizes MongoDB's document-
oriented structure to accommodate diverse cricket data
types including match events, player statistics, team
information, and user preferences. Indexing strategies
optimize query performance for real-time data retrieval
during live broadcasts.

API design follows OpenAPI specification standards,
enabling third-party integrations and future system
expansions. Rate limiting and request throttling
mechanisms protect against abuse while ensuring
consistent performance for legitimate users.

C. Security Implementation

Security implementation encompasses multiple layers
including authentication, authorization, data encryption,
and input validation. JSON Web Token (JWT)
implementation manages user sessions with configurable
expiration policies and refresh token mechanisms.
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Role-based access control (RBAC) defines granular
permissions for different wuser types including
administrators, CG operators, ball-by-ball scorers, and
viewers. The system implements principle of least
privilege, ensuring users access only necessary features
and data.

Data encryption utilizes industry-standard AES-256
algorithms for sensitive information storage and
transmission. HTTPS enforcement and Content Security
Policy (CSP) headers provide additional protection
against common web vulnerabilities.

D. Data-Driven Analysis and Model Selection
Dataset Characteristics:

e Source: ODI International Cricket Matches (2002-
2023)

e Total Records: 4,847 matches

E.  Model Performance Analysis

Based on a comprehensive evaluation of multiple
machine learning approaches, the corresponding
performance metrics are summarized in Table 1:

Traditional Machine Learning Models:

Table 7 : Evaluating baseline models

Model Accuracy [ROC AUC ||CV Score (% Std)
LightGBM 0.5888 0.6007 0.5705 + 0.0430
Random Forest 0.5838 0.5912 0.5763 +0.0257
Gradient Boosting  {{0.5685 0.6600 0.5719 £ 0.0437
XGBoost 0.5685 0.5795 0.5741 +0.0282

Deep Learning Models:

Figure 2 illustrates the training history of three neural
network ensemble models, showing trends in loss,
accuracy, and AUC over 50 epochs. It also summarizes
average validation AUC (0.6386) and accuracy (0.6193),
along with their standard deviations.
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Fig 8: Neural Network Ensemble Training History

Best Model Selection:

The Single Optimized Neural Network achieved the

performance with ROC AUC

= 0.7189,

representing a 2.6% improvement over the best traditional
ML model (XGBoost).

F.  Hyperparameter Tuning and Evaluation

Optimized Hyperparameters:

Network Architecture: 3 hidden layers (128, 64, 32

neurons)
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e Activation Functions: ReLU for hidden layers,
Sigmoid for output

e Dropout Rate: 0.3 for regularization

e Learning Rate: 0.001 with exponential decay (0.95
every 100 epochs)

e Batch Size: 64 for optimal convergence

Traditional ML: Accuracy Comparisan

mm Baseline
Optimized

Rccuracy
o o o o o )
o - N w » w
ROC AUC

Figure 3: Accuracy Comparison

Table 8 : Performance Comparison

|M0del ||Accuracy||ROC AUC
IXGBoost (Optimized) 0.6548 ][0.7007
ILightGBM (Optimized) 0.6091 [0.6524

[Random Forest (Optimized) 0.6294 [0.6766

Gradient Boosting (Optimized) 0.6396 |[0.6818

INeural Network (Optimized) 0.6548 |0.7189

[Neural Network Ensemble (Optimized)|[0.6193 ](0.6423

Figure 3 illustrates the accuracy improvement of
traditional machine learning models after hyperparameter
optimization, comparing baseline and optimized versions.
The corresponding accuracy and ROC AUC values for
both traditional and neural models are detailed in Table 2,
highlighting the superior AUC performance of the
optimized neural network model (0.7189).
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V. TECHNICAL CHALLENGES AND SOLUTIONS

A.  Dataset and Development Challenges
Challenge 1: Dataset Limitations The primary
challenge encountered was accessing recent cricket data
beyond 2023. The available dataset (2002-2023 ODI
matches) provided substantial historical coverage but

limited contemporary patterns. This was addressed
through:

Advanced feature engineering to capture evolving
game dynamics

Transfer learning techniques to adapt historical
patterns

Regular model retraining protocols for future data
integration

Challenge 2: CG Graphics Preset Development
Creating professional-quality graphics presets without
extensive design resources posed significant challenges:

Solution: Developed modular template system with 3
base designs

VI. SECURITY IMPLEMENTATION

A. Quantitative Security Measures

Authentication and Authorization Framework:
I— 2-Factor Authentication (2FA)
I— JWT Token Management (15-minute expiration)
I— Google OAuth 2.0 Integration
I— Role-Based Access Control (RBAC)
L— Session Management via HTTP-only Cookies
Security Metrics:

e Password Policy: Minimum 8 characters, complexity
requirements

e Token Security: 256-bit JWT signatures with rotating
secrets

e Encryption: AES-256 for data at rest, TLS 1.3 for
transmission

C. Advanced MERN Stack Security Implementation

Backend Security Features:
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Express.js Middleware
CORS Configuration: Strict origin policies for API
access

Frontend Security Features:
e Secure Storage: No sensitive data in local Storage
e Authentication State Management: Secure Redux
implementation
e Component-level
rendering

Authorization: Role-based UI

Additional Security Components:

e User Registration and Login: Secure authentication
workflows

e Password Reset Via Email: Encrypted token-based
reset system

e Role Assignment: Granular permission management

e Google OAuth Integration: Third-party authentication
support

e Cookie-based Sessions: Secure session handling with
HttpOnly flags

VII. LIMITATIONS AND FUTURE WORK

A. Current Limitations

While Bat.CG demonstrates significant advantages
over existing solutions, several limitations require
acknowledgment and future development consideration.
The current Al model training relies on historical data
availability, potentially limiting prediction accuracy for
new teams, venues, or playing conditions with limited
historical records.

B.  Future Development Opportunities

Several enhancement opportunities exist for extending
Bat.CG capabilities and applicability. Advanced Al
analytics incorporating computer vision for automated
player tracking and performance analysis represents a
significant expansion possibility.

Multi-sport adaptation could extend the system's utility
beyond cricket to other sports requiring similar
broadcasting graphics and real-time data management.
The modular architecture design supports such expansions
with minimal core system modifications.

Mobile application development would enable field-
based operations and remote broadcasting scenarios,
particularly valuable for domestic and amateur cricket
coverage where traditional broadcasting infrastructure
may be limited.
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VIII. CONCLUSION

Bat.CG represents a significant advancement in cricket
broadcasting technology, successfully addressing critical
industry challenges through innovative integration of
modern web technologies, artificial intelligence, and user-
cantered design principles. The system's unified approach
to CG graphics, real-time scoring, and audience interaction
provides a comprehensive solution for contemporary
broadcasting needs while maintaining accessibility for
organizations with varying technical capabilities.

The research demonstrates strong market validation with
99% of surveyed industry professionals demanding
customizable graphics capabilities and 87.7% considering
emergency score updating essential. Technical evaluation
confirms the system's effectiveness with sub-second
latency, high reliability, and enhanced user experience
compared to traditional fragmented solutions.

Key innovations including drag-and-drop graphic
customization, hybrid neural network and regression
prediction models, and integrated emergency scoring
capabilities contribute both practical value and academic
knowledge to sports broadcasting technology. The
modular architecture ensures scalability and adaptability
for diverse broadcasting requirements.

This work establishes important foundations for future
sports broadcasting innovations while contributing to the
democratization of cricket broadcasting technology. The
system's  design  principles and implementation
methodologies provide valuable insights for researchers
and practitioners developing similar sports media
applications.

The successful integration of artificial intelligence, real-
time data processing, and user-friendly interfaces
demonstrates the potential for technology to enhance
traditional broadcasting workflows while maintaining
professional quality standards. Future developments
building upon this foundation could further transform
sports media production and distribution.
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Abstract - Creatinine Care is a mobile application developed
to monitor and manage serum creatinine levels in chronic
kidney disease patients. Chronic kidney disease is a
significant global health issue affecting both adults and
children. Many patients are unaware of their kidney health
status, leading to sudden spikes in creatinine levels and
emergency hospitalizations. Serum creatinine is a critical
biomarker used in estimating kidney function, particularly
through the glomerular filtration rate formula. However,
most existing kidney-related applications focus on general
awareness, basic health tracking, and diet plans, without
offering specific creatinine-level monitoring or paediatric
support. This application addresses these gaps by offering a
dedicated platform for both adult and child kidney patients
to track creatinine levels over time. Key features include
digital report storage, automated data extraction, visual
trend analysis, checkup reminders, and personalized
recommendations based on the base creatinine level. The
system is developed using React Native with Expo Go for the
frontend and SQLite for local storage. A Node.js Express
backend supports Optical Character Recognition through
Tesseract.js for extracting data from scanned reports.
Evaluation involved user acceptance testing and text
extraction accuracy testing. The Optical Character
Recognition achieved a word-level accuracy of 93.33% on
high-quality images and 76.92% on low-quality images, with
an overall upload success rate above 86%. The results
demonstrate the system's effectiveness in reducing manual
data entry, improving patient awareness, and supporting
real-time monitoring. Creatinine Care introduces a novel, all-
in-one digital tool for personalized chronic kidney disease

management in paediatric and adult patients.Keywords—
Chronic Kidney Disease, Creatinine Base Level, Glomerular
Filtration Rate, Serum Creatinine Level, Health

Matrix Calculations, OCR, Regex Pattern.

1. INTRODUCTION

Chronic Kidney Disease (CKD) is a growing global health
concern that affects individuals of all ages. As early
diagnosis and ongoing monitoring play a critical role in
managing CKD, the use of digital health tools has become
increasingly relevant. This research focuses on developing
a mobile application specifically designed to improve
chronic kidney disease management by tracking serum
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creatinine  levels, visualizing trends, providing
personalized reminders, and supporting both paediatric
and adult patients.

II. BACKGROUND

CKD is a progressive condition in which kidney
function deteriorates, leading to reduced blood filtration
efficiency. Despite its prevalence, patient awareness
regarding kidney health remains low. Tracking CKD in
adults and children requires different approaches due to
physiological and developmental differences.

Kidney health is commonly assessed using the
glomerular filtration rate (¢GFR) or the serum creatinine
level in the blood. Serum creatinine, a metabolic waste
product filtered by the kidneys, is a key indicator in
estimating eGFR values [1]. Studies have shown that CKD
during childhood can cause long-term complications that
persist into adulthood [2]. Low health literacy among
patients often results in delayed diagnosis, avoidable
health emergencies, and unplanned hospitalizations [3].
The advancement of health information systems has
shifted the management of medical records from paper-
based formats to digital solutions, enabling individuals to
store and access their health information more efficiently
[4].

Despite the availability of general CKD-related
applications, there is a lack of tools specifically focused on
serum creatinine tracking. Additionally, most existing
systems do not distinguish between adult and paediatric
CKD management needs. To address this gap, this project
introduces a mobile application that supports users in
uploading creatinine reports, calculating base creatinine
levels,

receiving reminders for upcoming checkups, visualizing
creatinine trends, and estimating eGFR values. The system
is designed to provide a tailored experience for both adults
and children, contributing to improved CKD monitoring
and health outcomes.

II1. EXISTING SYSTEMS
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CKD management is supported by various mobile
applications designed to improve patient awareness and
facilitate personal health tracking. These systems
commonly focus on general health metrics, eGFR
calculations, educational content, or supportive care.

The “Know Your Kidney” application enables users to
manually input health data, set reminders, and follow diet
plans. However, it lacks automated analysis features such
as kidney function estimations and health metric
visualizations. Its reliance on manual data entry also
increases the potential for human error [5].

The “SUCCESS” application focuses on delivering
multimedia-based health education for CKD patients but
does not include features for health data analytics, digital
report storage, or creatinine-based tracking. Its primary
objective is to raise general awareness rather than support
interactive disease management [6].

Similarly, the “MiKidney” application emphasizes
patient self-care and provides educational content aimed at
reducing hospitalizations. While it offers reminders and
patient feedback, it does not support core medical data
analysis functionalities such as creatinine level tracking or
clinical metric calculations [7].

The eGFR Calculator is designed to estimate glomerular
filtration rate using standard clinical formulas. Although it
aids in evaluating kidney function, it does not support
long-term creatinine monitoring or medical report
integration, limiting its usefulness in comprehensive CKD
management [8].

A.  Research Gap

While these existing systems offer fragmented solutions
for kidney care, there remains a critical gap in applications
that centralize creatinine monitoring as a core feature.
Most existing applications are designed for adults and
primarily rely on eGFR estimations without emphasizing
the underlying creatinine values. Furthermore, there is a
lack of specialized tools for managing CKD in paediatric
patients, despite the significant differences in clinical
guidelines between children and adults. The proposed
Creatinine Care application addresses this gap by
providing a comprehensive, integrated solution
specifically tailored for monitoring CKD in children. It

focuses on creatinine level tracking while also
incorporating features such as eGFR calculation,
personalized health recommendations, automated

reminders, report visualization, and age-specific analysis.
This holistic approach to creatinine-centred care represents
anovel contribution in the landscape of CKD management
tools. Table I provides a feature-based comparison of
existing CKD-related mobile applications. It highlights
that Creatinine Care uniquely integrates all key
functionalities such as report uploading, creatinine
tracking, eGFR calculation, and child-specific CKD
support, setting it apart as a comprehensive solution.

TABLE IX
COMPARISON ANALYSES OF EXISTING SYSTEMS
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Know MiKidney | eGFR Creatinine
Feature Your App Calculator | Care
Kidney
App
Upload
scanned v
reports
Manually
adding v V4
test results
Calculating Creatinine
creatinine LSS eGFR only level and
level / eGFR | " ¢GFR
Visual
Trend V4
analysis
Reminders v v v v
Tailored
Suggestions v v
Educational
content v v v v
Child CKD
Support v

IV. AIM AND OBIJECTIVES

A. Purpose of the Study - Aim
The Creatinine Care mobile application aimed to
develop a personalized kidney health monitoring system to
track, visualize, manage, and remind the serum creatinine
levels of children with chronic kidney disease.

B.Research Objectives

e To identify similar systems and reachable
solutions.

e To develop optical character recognition (OCR)
functionality for extracting test report data.

e To calculate the creatinine base level and
provide tailored recommendations.

e To integrate a reminder system for regular and
timely checkups.

e To develop a visual trend component to track
and visualize data flow over time.

e To implement the proposed system.

e To test and evaluate the system with the target
audience.

V. SCOPE

The Creatinine Care application is designed as a
dedicated tool to monitor serum creatinine levels in CKD
patients by offering personalized health tracking that
visualizes creatinine trends over time, along with timely
checkup reminders and tailored recommendations. The
application does not currently support the calculation or
tracking of other health metrics, nor does it offer multi-
language support. Additionally, it does not include
features for diet planning or medication tracking. The key
features of the system are as follows:

e User Login and Register
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Scan test reports and extract creatinine levels.
Creatinine level trends visualization over time.
Notifications for upcoming checkups.

Calculate base creatinine level and provide tailored
recommendations.

Calculate eGFR rate and provide recommendations.
Profile management.

Report history management.

Educate users by incorporating medical
information.

VI. RESEARCH CONTRIBUTION

e Developed a mobile application specifically
targeting creatinine tracking in real time, a gap in
current CKD solutions.

e Designed a child-inclusive CKD management
system, addressing the lack of paediatric-specific
tools.

e Introduced automated OCR-based report extraction,
reducing manual entry effort.

e Enabled trend analysis and base creatinine level
calculation for long-term health insight.

e Contribute to digital health applications by being a
part of mobile health management and creating a
user-friendly application.

VII. METHODOLOGY

The Creatinine Care application was developed using
the agile methodology, with the scrum framework guiding
the development process. This iterative and incremental
approach facilitated sprint-based planning, regular testing,
and continuous incorporation of user feedback. The project
was divided into five sprints, each lasting two weeks and
focusing on specific functional goals. Functionality and
usability testing were conducted at the end of each sprint.
Sprint progress was tracked using a Gantt chart, ensuring
the timely delivery of features and effective scope
management.

The system architecture consists of three core
components: the frontend, the backend, and the local
database (Figure 1). The frontend was built using React
Native and Expo Go, handling user interactions and core
features such as onboarding, profile management, image
upload, notifications, eGFR calculation, trend
visualization, and report history. The backend was
developed using Node.js and Express, responsible for
processing uploaded medical reports. Upon receiving an
image, the backend uses Tesseract.js OCR to extract serum
creatinine values and test dates and returns the data to the
frontend via a RESTful API. All extracted and user-
entered data are stored in a local SQLite database, which
includes tables for users and medical reports. Supporting
tools and libraries used during development include:

e Image upload: expo-image-picker
e Notifications: Expo Notifications
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e  Charts: react-native-chart-kit (Line Chart)
e  Version control: GitHub

Backend
(Node.js + Express)

React Native
{Expo Go)

Receives Image

Runs Tesseract js OCR
Sends Extracted text back

Image Upload

SR

Features
(Frontend logic + Navigation)

Login/Register

Onboarding (age, recurrence, base)
Profile View/Update

Upload Report (Camera/ Gallery)
eGFR Calculator

Charts (Creatinine trends)

Report History and Preview
Notifications

Educational Content

Base Level Calculation

N /

Data Storage / Retrieval Local SQLite DB

Users Table
Reports Table

Fig. 9. System Architecture of the Creatinine Care Application

Fig. 1. demonstrates how the React Native frontend
communicates with the backend server to extract data from
scanned medical reports, and how all relevant data is
stored and retrieved from the local SQLite database.

VIII. EVALUATION AND TESTING RESULTS

The Creatinine Care application was evaluated through
multiple methods to assess functionality, accuracy, and
performance. User feedback was gathered at the end of
each sprint under the agile scrum framework. Based on this
feedback, several improvements were made, including
user interface enhancements and the addition of the eGFR
calculator as a key new feature. Test cases were developed
for each user story, and systematic debugging and
notification reliability testing were conducted to ensure
system robustness.

The OCR text extraction accuracy was evaluated using
real creatinine reports. Multiple metrics were employed,
including word-level accuracy for reported dates,
character-level accuracy for extracted creatinine values,
and the Levenshtein distance between extracted and
ground truth values.

TABLE X
OCR ACCURACY AND BENCHMARK TEST RESULTS
Dataset 1 Dataset 2
(Good (Poor Image
Image Quality)
Quality)
Word-Level Accuracy 93.33% 76.92%
(Date)
Character-Level o N
Accuracy (Creatinine) 86.67% 87.17%
Levenshtein Distance
(Creatinine) 12 0.76
Overall Upload 86.67% 80.23%
Success Rate
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Average image

. . 3.90 seconds
processing time

3.99 seconds

Average memory

7,850 KB
usage

5,330 KB

Table II presents the OCR accuracy and benchmark test
results, highlighting the system's performance under two
conditions: high-quality and low-quality report images.
The table shows that OCR accuracy is notably influenced
by image quality. Word-level accuracy for date extraction
reached 93.33% with good image quality but dropped to
76.92% with poor quality. Character-level accuracy for
creatinine values remained relatively stable across both
datasets, while Levenshtein distance values reflected
variations in extraction precision. The overall report
upload success rate was 86.67% for high-quality images
and 80.23% for low-quality ones. Average image
processing time remained under 4 seconds, and memory
usage varied slightly between the datasets.

IX. SOCIAL AND TECHNICAL CHALLENGES

A.  User Adoption and Psychological Impact on Users.

One of the key challenges identified through user
interviews was the issue of user adoption, particularly the
psychological impact on parents of paediatric patients.
Many parents lack a clear understanding of creatinine
tracking and its importance, which may result in hesitation
to use a digital health tool. Additionally, some users may
struggle with technology or misinterpret trends and
recommendations, potentially leading to confusion or
unnecessary anxiety regarding the child’s health. To
mitigate these concerns, Creatinine Care incorporates
intuitive user interfaces and clear in-app guidance to
enhance usability and understanding.

B.  OCR Accuracy and Reliability.

Users may upload test reports that are unclear or of low
quality due to poor lighting conditions or limitations in
device camera performance. Such issues can negatively
impact the accuracy of OCR-based data extraction.
Furthermore, there is a risk of users uploading duplicate or
irrelevant reports, which may result in incorrect readings
or inappropriate recommendations. To address these
challenges, the system employs robust error-handling
mechanisms  designed to detect and manage
inconsistencies and unsupported inputs effectively.

C. Security Concerns

Due to limitations in Expo’s support for secure native
modules, the application currently offers only basic user
authentication through login and registration. Advanced
security features such as encrypted storage or multi-factor
authentication are not yet implemented and represent areas
for future enhancement to ensure stronger data protection
and user privacy.
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X. LIMITATIONS

e OCR Accuracy — While the OCR text extraction
accuracy is generally high, it is affected by image
quality, lighting conditions, and device performance.

e Format Dependency — The OCR regex patterns
currently support only two common lab report
formats; unsupported formats may result in errors.

e  Platform Support Limitations — The application was
developed and tested using React Native with Expo,
limiting compatibility outside that environment.

e Health Metrics Monitoring — The app focuses solely
on creatinine tracking and does not support other
reports such as urine or blood tests.

XI. CONCLUSION AND FUTURE WORK

The Creatinine Care mobile application offers an
innovative digital solution aimed at addressing common
challenges faced by individuals managing chronic kidney
conditions. The application simplifies the process of health
tracking by enabling patients to record, monitor, and
analyze serum creatinine levels over time. Key features
such as automated data extraction from uploaded reports,
personalized reminders based on test frequency, and
graphical trend visualization assist both patients and
healthcare providers in maintaining effective kidney care.
Additionally, efficient report history management reduces
the reliance on physical records, while the eGFR calculator
further supports clinical understanding.

Looking ahead, several areas have been identified for
future enhancement of the system. Improving OCR
accuracy through the integration of advanced Al-based
libraries can enhance the recognition of indistinct text in
reports. Incorporating intelligent field detection
mechanisms would also enable the application to support
diverse report formats. Furthermore, the integration of
cloud storage would allow for seamless backup and
synchronization of user data across multiple devices, along
with improved recovery options. To strengthen data
privacy and user authentication, features such as biometric
or two-factor authentication could be introduced. The
system can also be extended to analyze additional health
reports related to kidney function, offering a more
comprehensive personal health management experience.
Lastly, implementing multi-language support such as
Sinhala, Tamil, and English would increase accessibility
and usability for a broader range of users.
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Abstract—In this paper the author presented the

development of “FinGuard” an artificial intelligence
powered android application intended to aid individuals in
effectively managing their finances. The application
addresses common money issues like executive daily
expenditures, lack of income, and financial ignorance. They
lead to individuals taking loans, pawning items or borrowing
money actions that compromise long-term financial stability.
FinGuard offers income and expense tracking services,
automated report generation, monthly predictive analysis,
customizable reminder feature, advice for financial
management feature and a chatbot for get answers for user
problems inside the application. The user credentials are
shielded from unauthorized use through secure login
functionality. FinGuard applies a full and smart process to
improve personal financial wellness and promote good

financial management habits.

Keywords—Financial management, Android application,
artificial

reminders.

intelligence, predictive analytics, customizable

L. INTRODUCTION

In the modern days, personal finance management is
the need of the hour and a challenging one. Few
individuals lack proper tools or expertise to monitor their
income, expenditure, savings and investment in one place.
Not being able to manage finances in an organized manner
leads to increased debt, unplanned spending, and financial
instability in the long run. This research attempts to
address these challenges with the innovation and
development of an Al-driven android application named
FinGuard, a personal finance advisor.

II.  LITERATURE REVIEW
Financial management involves strategic planning,
organizing, directing, and controlling financial resources
to achieve organizational or personal objectives [4]. Over
the years, numerous research studies have explored
financial management and financial management systems.
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A key problem identified by previous researchers is the
growing financial challenge where individuals face high
expenses with low income [6]. To address this issue,
several Android applications, such as Mint, YNAB (You
Need A Budget), and Personal Capital, have been
developed [2]. However, these applications lack future
financial prediction capabilities, a gap that the proposed
"FinGuard" application aims to fill.

Existing financial management tools like Mint,
YNAB, and Personal Capital are widely used globally, but
Personal Capital is restricted to American users due to its
bank integration feature, which only supports U.S.
financial institutions [5]. The rapid evolution of
technology has transformed personal finance management,
shifting from basic budgeting tools to Al-driven systems
that offer personalized insights, spending analytics, and
goal-setting features [1]. Despite these advancements,
gaps remain in user personalization, predictive accuracy,
and intuitiveness [9].

The "FinGuard" application introduces a predictive
financial management system that forecasts monthly
financial trends and generates reports, helping users track
their finances efficiently. Unlike traditional tools,
FinGuard leverages predictive modeling to provide users
with future financial projections, enhancing decision-
making [1][6].

Several studies support the need for intelligent
financial systems. Arun highlights the role of predictive
modeling in modern financial tools [1], while Boyles
discusses various financial forecasting methods that
improve business and personal financial planning [2].
Additionally, Kim (2024) examines the impact of financial
technology adoption, emphasizing the growing reliance on
mobile financial applications [5].

In conclusion, while existing financial management
applications offer budgeting and expense tracking,
FinGuard stands out by incorporating predictive analytics,
addressing a critical gap in personal financial planning.
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IIL. PROBLEM STATEMENT

The key issues that have been observed are lack of
proper tracking of daily expenditures, unbalanced
financial habits, and reliance on external finances such as
loans or pawn services. These habits result in long-term
financial woes. Low income and high expenditure levels
are the prevailing ailments that most individuals suffer
from owing to a deficiency of structured financial tracking
systems. The need for a user-friendly, smart tool that will
help users to track, analyze, and manage their finances
effectively is of primary importance.

Iv. AIM AND OBJECTIVES
Aim - Developed an android application for
introduced easy techniques for all individuals and given
brief ideas to handle their finances for achieving their
financial goals.
Objectives - The primary objectives are as follows,

e Developed an application to help users organize their
finances such as income, expenses, savings and
investments in one place.

e Developed an application for providing tools for
users to create budget into spending patterns and use
artificial intelligence to analyze user spending habits
for get them financially stable.

e Developed an application to assist users in settings
and achieving savings goals by tracking and tips.

e Developed an application for giving vest features to
help users and manage, pay down debt with alert and
reminders.

e The application has maintained high security features
to protect user data.

e It gives reminders to users of upcoming bill
payments such as water bills and electricity bilandnd,
reminds us of a low balance of money.

V. SYSTEM OVERVIEW

A. Income and Expense Tracker: Allows users to
manually input financial information with
categorization.

B. Financial Reports: Calculates automatically daily,
weekly, monthly, and annual reports on incomes,
expenses, and savings.

C. Prediction Insights: Monitor user activity and
provide tailored monthly predictions and reminders
for better saving plans.

D. Budgeting Help: Helps create and maintain budgets
with reminders when near or over limits. Also
calculates total savings using added income and
expenses.

E. Calendar Reminders: Alerts users to upcoming bill
payments such as water bill payments and rent
payments. Also, alerts with low balance, high
expenses and missed expenses.
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F. Security Protocols: Facilitates user login using
personal passwords to expense and maintain a user
account.

G. Advice manager with a chatbot: Give tips for better
financial management with a chatbot feature. The
chatbot provides answers to any questions provided
by users.

VL.  METHODOLOGY
The system follows the Agile methodology with
software development lifecycle focusing on continuous
testing and improvements. It follows steps in software
development life cycle.

VII. DEVELOPMENT

The development process has three parts, such as
front-end development, MySQL database development
and backend development. The frontend development of
the project was developed using XML and Java in Android
studio, with the focus on user-friendly, intuitive and best
visually looking interface, As the central point of user
interaction with the application, the frontend plays a
critical role in delivering a hassle-free financial
management experience. The database is developed in
MySQL workbench to ensure that secure and efficient data
handling. It stores essential user credentials. The identity
is auto incremented. If users sign up, the user credentials
are automatically saving in the database and using this data
system will make the login and account creation process
easy. The backend development of the project was
developed using Java language in Android studio. The
backend development has used algorithms and functions.
The implementation of FinGuard is expected to enhance
financial literacy and awareness and enable effective budgeting
plan. Also, it expected reduce dependency on loans, promote
long-term saving and investment habits and provide intelligent,
proactive financial guidance. The system focused on making it
easier to manage personal finances.

VIIL EVALUATION AND TESTING

The researcher has used three types of testing such as
functional testing, usability testing, and application
testing. The functional testing has manual testing with 32
testcases. All the features is the application are working
properly. Usability testing was employed to check user-
friendliness, intuitiveness and level of user satisfaction of
the FinGuard application. The main aim was to check
whether users could use the application easily and get
things done without frustration or confusion. The
researcher has used ten people to test the usability testing.
A group of ten users, including students and young
professionals, were asked to perform tasks such as follows.
Also, feedback forms using a Likert scale (1 to 5) were
used to collect their responses. The following are the key
findings in usability testing.
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TABLE I. USABILITY TESTING RESULTS

Usability Criteria Average Rating (Out of
five)

Ease of navigation 4.9
Ease Login 5.0
Woking features 4.9
Design and Aesthetic 4.7
Task completion 4.7
efficiency

Clarity of Instructions 4.8
Overall user satisfaction 4.8

The application testing was tested to examine the
application’s performance, stability, and behavior on
different devices and under different conditions. This
includes crash testing, speed, responsiveness and
compatibility testing. In usability testing, the researcher
created a google questionnaire to gather feedback. The
most interesting question is overall satisfaction. 90% of
people say they are very satisfied with the project and the
following is the pie chart for it.

IX.  RESULTS AND DISCUSSION

The system performance was gauged in terms of
speed, reliability, resource utilization and responsiveness.
The final application was designed to run seamlessly on
various android devices while delivering real-time data
processing and a seamless user experience. For running the
android application in android studio, the researcher used
devices such as pixel 6a API 34 and pixel 6 pro API 33.
But the final application is running on the device manager
on pixel 6a API 34. The compile SDK version is 35 and
the target SDK version is 34. The performance metrics are
measured as follows.
A. Emulator Boot time - The application emulator launches
within less than two seconds and displays the application
with the starting page.
B. Processing Data - Financial activity creation and report
generation occur virtually instantly within less than one
second.
C. Prediction speed - Prediction generation time was less
than one second using the model with average speed.
D. Battery Utilization - Moderate utilization, optimized
through restrictions on background activity of the final
application.
E. Crash Reports - No Application Not Responding to
error conditions were encountered during the test time.

X. CONCLUSION
The project initiated to aid individuals in managing
their day-to-day financial activities, including income,
expenditure, savings and financial goals. The android
application was developed using android studio and java
and combined with a model to generate offline Al-based
financial predictions. The user registration features,
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finance tracking, report generation, calendar reminders
and chatbot support features were implemented
successfully. The project was validated using functional
testing, usability testing, performance testing and Al
accuracy testing, all of which were satisfactory.

XI.  BENEFITS OF PROJECT
The financial management application “FinGuard”
provides the following significant benefits to the users of
the application.

A. Improved Financial Awareness - The users can
monitor their income and expenditure easily, which
allows them to study their expenditure patterns and
improve their budgeting.

B. Al-driven Financial Forecasting - The integrated
predicts monthly spending and savings, allowing
smart financial planning.

C. Reminders and Alerts - The users can set reminders
for payment due dates and bills, which allow them to
avoid late payments and stay organized.
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Abstract - This concept paper introduces a novel smartwatch-
based system that leverages artificial holographic technology
to address the growing need for accessible mental health
support, particularly for individuals experiencing
depression. Recognizing the communication barriers and
lack of resources for the deaf community, the proposed
system is designed to be inclusive for both deaf and non-deaf
users. This system blends artificial intelligence, holographic
technology, mood tracking, and an inventive smartwatch that
can detect individual emotions. A smartphone application
will be used to oversee and control each of these components.
By integrating wearable technology with emotional well-
being support, the proposed model will provide continuous,
accessible, and user-friendly assistance. If implemented, this
tool could enhance user engagement and emotional
awareness in therapeutic contexts. To validate feasibility and
effectiveness, further research and development are needed.

Key words — Depression, Smartwatch, Smartphone
Application, Artificial Intelligence, Holography

I. INTRODUCTION
Millions of people worldwide suffer from depressive

disorder, also known as depression. It is one of the most
common mental disorders, leading to a range of serious
negative emotional, social, and physical outcomes [1]. The
World Health Organization (WHO) estimates that 23
million children and adolescents are among the 280
million people who suffer from depression globally[2].
More than 720,000 people die by suicide each year, with
depression being a major contributing factor, and a
considerable fraction of these people are in the 15-29 age
range[3]. Conventional therapeutic approaches, such as
medication and psychotherapy, are not invariably
effective. The lack of communication with loved ones can
impede emotional support and stress relief, which is a
common contributing factor to depression [4][5].
However, due to reasons like fear of being judged, lack of
trust, stigma around mental health,
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and difficulty expressing emotions, depressed patients are
often unwilling to share their feelings with others [6] [7].
Additionally, some patients do not have anyone they can
talk to freely, even if they want to. As a result, their
depression may worsen, affecting not only their mental
health but also their physical well-being [8][9]. Moreover,
many vulnerable patients are suffering from depression. In
some cases, this may be due to their perceived weaknesses
or differences. However, they too need someone to share
their stress with. Unfortunately, due to communication
difficulties, they are sometimes unable to express
themselves effectively [10]. Given recent technological
developments, creating holographic images of loved ones
presents a novel way to promote mental health. This
invention offers an engaging therapeutic experience that
could improve people's ability to cope with stress and
emotional difficulties. Notably, only a few technological
interventions have yet been specifically designed to
address depression within the vocal and hearing-impaired
population. Hence, the creation and application of
inclusive strategies are essential to ensure that everyone,
regardless of disability, has fair access to mental health
care.

II. LITERATURE REVIEW
Numerous interventions, such as teletherapy services,

online forums that promote emotional expression, and
mobile applications, have been developed to assist people
with depression. A thorough examination of smartphone
apps for stress reduction and psychological health was
carried out by Plaza et al. Although the majority of apps
highlighted mindfulness, meditation, and relaxation, the
study pointed out a significant drawback: most of them
lacked scientific validation and a foundation in accepted
psychological theories[11]. Expanding these results, a
systematic review by Kerst, Zielasek, and Gaebel showed
that smartphone apps created to help people with
depression were linked to a significant decrease in
depressive symptoms in all included studies. In addition, a
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survey conducted at the same time among medical
professionals indicated a generally favorable attitude
toward the incorporation of these technologies in clinical
settings, indicating a growing acceptance of mobile health
interventions in modern mental health treatment [12]. n
addition to current apps, multimodal digital therapy
platforms—combining text-based therapy, video calls,
mobile apps, and online counseling—enhance
accessibility, convenience, and privacy for different and
underprivileged populations [13]. Moreover, a study
involving breast cancer patients undergoing chemotherapy
compared standard care with and without an immersive
Virtual Reality (VR) intervention with VR Box 3D
goggles. Anxiety and depression levels were found using
the Hospital Anxiety and Depression Scale—Pilipino.
Additionally, clinical and demographic characteristics of
the patients were analyzed [14] [15].

According to several studies, many mobile mental health
apps rely on self-reported mood assessments and
standardized questionnaires rather than real-time
physiological markers such as heart rate variability, skin
conductance, or sleep patterns. This limits the apps’ ability
to capture an individual’s dynamic stress profile, often
resulting in generic interventions and missed signs of
increased distress [16][17]. Moreover, over-reliance on
manual input introduces fragmented data, influenced by
recall and social desirability biases, reducing the overall
effectiveness of these tools[18][19]. Some apps use avatars
to interact with depressed users, but these interactions
often lack the emotional depth, richness and genuineness
of real human-to-human communication, which can limit
despite advances in avatar

therapeutic  benefits

technology[20].

In their article "Accessibility and Digital Mental Health:
Considerations for More Accessible and Equitable Mental
Health Apps," Bunyi, Ringland, and Schueller recommend
inclusive design principles to ensure mental health apps
are usable by all, including individuals with disabilities.
Common barriers include the absence of screen reader
support, the absence of captions, and limited attention to
specific user needs[21]. A study focusing on the Deaf and
Hard of Hearing (D/HH) community highlighted the
importance of ASL and English language support, stigma
reduction through mental health education, culturally
appropriate resources, and visual content, all of which can
improve mental health access for D/HH community [22].

"Can holographic technology help oil and gas workers deal
with anxiety and depression and strengthen family ties?"
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Valadez and Jeremijenko investigated the use of
holographic technology to reduce loneliness and address
mental health challenges among oil and gas workers in
remote areas. By enabling realistic, three-dimensional
interactions, holography offers a more emotionally
engaging alternative to conventional two-dimensional
screens. These immersive experiences could strengthen
family bonds and reduce anxiety and depression in this
workforce [23].

III. METHODOLOGY
The proposed system is based on scientific and

technological concepts from earlier research, but it has not
yet been developed.

A.  Target Audience
The proposed system was designed for people with

depression symptoms, including those who are deaf or
hard of hearing, who are between the ages of 18 and 45.
By offering both auditory and non-verbal feedback, it
seeks to foster inclusivity and ensure accessibility for users
who are neurodiverse or sensory impaired.

B.  Smartwatch Design and Sensor Integration
Although the device has not yet been physically

developed, the suggested design combines a powerful
camera with a tiny projector that can project holographic
images. In order to assess the intensity of depression
symptoms, the smartwatch is also expected to have speech
analysis features. Through integrated sensors, critical
physiological parameters will be monitored, including skin
temperature, heart rate, respiratory rate, electrodermal
activity (EDA), sleep patterns, and physical movement.
With the smartwatch acting as the central component of the
system, these data streams will be processed using
artificial intelligence (AI) algorithms to identify and
interpret the user's emotional state [24]

C.  Smartphone App Integration
A dedicated smartphone app will serve as the main control

center for the system. It will process real-time data from
the smartwatch and provide personalized emotional
feedback, along with visual alerts for deaf users. Bluetooth
technology will be used to connect the smartwatch and
smartphone app, allowing for smooth wireless data
transfer. The app will also manage system settings, mood
history, and interactions with the holographic avatar to
guarantee perfect integration between all components.

D. Al Model for Emotion Detection

73



By examining real-time behavioral and physiological data
from the smartwatch, the suggested Al model will be able
to recognize emotional states like stress, anxiety, or
sadness. This model will be trained on labeled datasets of
emotional states using supervised machine learning
techniques. To find patterns and predict emotions in real
time, algorithms like Random Forest, Support Vector
Machine (SVM), and Long Short-Term Memory (LSTM)
networks will be used [25]

E. Al Support for Deaf Users
An Al-powered holographic avatar that can use sign

language will be included in the system to assist deaf users.
To translate system messages into precise signing
movements, sequence-to-sequence learning and 3D pose
estimation will be utilized in combination with gesture
generation models trained on datasets like RWTH-
PHOENIX-Weather 2014T [26] Al will also manage
haptic and visual alerts to ensure responsive and accessible
nonverbal communication.

F.  Holographic Avatar Creation and Animation
Using a micro projector built into the smartwatch, real-

time 3D rendering and projection are used to create the
holographic avatar. GAN-based face reconstruction tools,
like StyleGAN or AvatarMe, are Al-assisted 3D modeling
tools that convert static facial images into dynamic 3D
character meshes for the avatar [27]The 3D avatar can
display corresponding facial expressions and movements
because it is animated using Al-driven motion control
based on emotional data. A floating hologram is produced
above a micro projector using volumetric or laser-based
techniques. The tone and behavior of the avatar are
modified by machine learning models that determine the
user's emotional state (such as calm or sad). The avatar can
converse sympathetically thanks to Natural Language
Processing, and deaf users can get responses via text, sign
language, or haptic alerts.

G.  Personalized Avatar with Voice Cloning and Al
Additionally, a customized holographic avatar will be

made using Al-powered voice synthesis and 3D generation
technologies. Users will be able to upload a picture and a
brief audio clip of a selected person (such as a therapist,
family member, or close friend). While voice cloning tools
like Microsoft Neural Voice will replicate a natural-
sounding voice that mimics the speech tone and style of
the selected individual, a Generative Adversarial Network
(GAN) will use these inputs to create a realistic 3D facial
structure [27], [28] Users can create a custom avatar with
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avoice and appearance that can be changed if no voice clip
or photo is supplied. This avatar, which is projected
through a tiny device, serves as an emotional companion
by using words, movements, and holograms to
communicate. Real-time, sympathetic conversations based
on the user's emotional state are made possible by NLP
models.

H.  Safety Mode
The suggested system has an automated Safety Mode to

guarantee user safety. Smartwatches use physiological and
behavioral data to automatically activate Safety Mode
when it detects signs of severe emotional distress, such as
anger, extreme anxiety, or the possibility of harming
oneself or others. When the system is activated, a pre-
registered guardian will receive an emergency alert and the
user's current location through WhatsApp or another
preferred messaging app. For users who might not be able
to ask for assistance on their own, this feature is especially
important. Specific communication protocols are planned
for future implementation, even though they have not yet
been developed.

Set up appearance, voice, guardian contact,
security, and Bluetooth connection.

Deaf or mute Normal

Capture personal feelings using data
from the smartwatch.

|

3D character talks via watch; mute/draft
uses silent signs.

|

If aggression is detected, security activates and
contacts your guardian

Fig 10: The process flow of the mobile application integrated with
the advanced smartwatch

Fig 1 illustrates the relationship between smartwatches and
smartphone apps. After entering their personal information
on the Sign-Up screen, users pair their device with
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Bluetooth from the Home Screen. On the Mode Selection
screen, the application provides two modes: one for normal
users and one for people who have difficulty with speech
or hearing. Data processing is the same, even though
interfaces vary. The smartwatch communicates with a 3D
holographic avatar and uses physiological data to track
emotional states. Through easily navigable user interface
elements intended for prompt action, the system notifies a
guardian and initiates Safety Mode if aggression or distress
is detected.

IV. CONCLUSION

This paper introduces a novel approach to mental health
support, leveraging advanced holographic technology and
next-generation smartwatches to foster emotionally
engaging interactions. Unlike current solutions, which
often lack personalization, physiological monitoring, and
the ability to forge genuine emotional connections, our
proposed system aims to provide continuous, immersive,
and empathetic support. By integrating real-time
physiological tracking from a smartwatch with Al-
powered holographic communication, we envision a
system that can adapt to a user's emotional state, offer
personalized encouragement, and facilitate connections
with holographic representations of loved ones, including
specific support for deaf and mute users through sign
language.

While this concept offers significant potential for
enhancing emotional well-being and mitigating symptoms
of depression and loneliness, it is important to
acknowledge its current limitations. As a conceptual
framework, this paper does not present empirical results or
clinical findings. The proposed emotion detection and
holographic projection technologies are still under
development for seamless, compact integration, and the
system's effectiveness and user adoption will require
rigorous testing Ethical
considerations surrounding data privacy, Al-generated

in real-world scenarios.
emotional responses, and potential over-reliance on
technology will also need thorough investigation.

Moving forward, our next steps will focus on developing a
prototype smartwatch equipped with the necessary sensors
for accurate physiological monitoring. Concurrently, we
plan to design and develop an Android-based mobile
application that will serve as the control interface for
holographic communication and mood tracking features.
Subsequent phases will involve pilot studies to validate the
system's feasibility, user experience, and preliminary
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impact on mental well-being, paving the way for further
refinement and eventual clinical trials. This holistic
development approach aims to bridge the gap between
theoretical innovation and practical application in mental
health support.
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Abstract - Fitness Warrior is a comprehensive mobile fitness
tracking application developed using React Native and
Firebase that addresses critical limitations in existing
solutions through the innovative integration of machine
learning, gamification, and social features. Traditional
fitness applications suffer from inaccurate step detection
(with error rates exceeding 20% error rates), inefficient
nutrition tracking interfaces, poor user retention (with 73%
abandonment within three months), and a lack of adaptive
personalization. This project uniquely implements on-
device machine learning via TensorFlow.js for privacy-
preserving step detection, combines TF-IDF vectorization
with cosine similarity for efficient food searching, and
incorporates principles of Self-Determination Theory
through a cohesive social motivation framework.
Development followed the Agile Scrum methodology,
implementing a CNN-based model processing sensor data at
50Hz sampling rate, creating a database of 2,395 food items
with optimized search algorithms, and designing gamified
social features. The application achieves 95.2% real-world
step counting accuracy compared to manual counting,
significantly outperforming conventional threshold-based
approaches (48.3% accuracy), while the calorie tracker
delivers 92.7% relevant results in top-5 suggestions with
126ms search latency. Evaluation with 21 users
demonstrated exceptional impact: 95.3% reported
increased daily steps, 90.4% experienced greater calorie
intake awareness, and 71.4% found social features strongly
motivating. The application received outstanding approval
with 90.5% of testers rating overall satisfaction at 8 or
higher on a 10-point scale. This research successfully
demonstrates how integrated, machine learning-enhanced
fitness applications can meaningfully impact user health
behaviours while overcoming significant limitations in
existing solutions..

Keywords - Machine Learning, Step Detection, Personalized
Goals, Gamification, User Engagement
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I. INTRODUCTION

The proliferation of mobile technology has fundamentally
transformed personal health management, with fitness
applications emerging as critical tools for promoting
physical activity and healthy behaviors. The global fitness
app market, valued at $13.78 billion in 2023, is projected
to reach $120.37 billion by 2030 [3], underscoring the
growing importance of these digital health interventions.
However, despite this remarkable growth, current fitness
applications face significant challenges that limit their
effectiveness and user adoption.

User drop-off rates remain alarmingly high, with
approximately 73% of users abandoning fitness
applications within three months of initial download [2].
This attrition can be attributed to several critical
limitations in existing solutions. First, step detection
accuracy remains problematic, with error rates exceeding
20% in real-world conditions, particularly when devices
are carried in unconventional positions or during varied
movement patterns [1]. Second, nutrition tracking
interfaces require excessive manual input, with users
spending an average of 4 minutes per meal logging food
items, leading to 68% discontinuation of food tracking
features within two weeks [4]. Third, privacy concerns
arise from cloud-based processing of personal health data,
with 62% of users expressing reluctance to share fitness
data with external servers [5]. Finally, the lack of adaptive
personalization results in generic fitness recommendations
that fail to account for individual progress, preferences,
and contextual factors [6].

The user adoption challenge extends beyond technical
limitations to encompass psychological and behavioral
factors. Research indicates that initial motivation, typically
driven by health concerns or aesthetic goals, rapidly
diminishes without appropriate reinforcement mechanisms
[8]. Traditional fitness applications rely heavily on
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external rewards such as badges and points, which fail to
cultivate intrinsic motivation necessary for sustained
behavior change. Furthermore, the absence of social
support structures within many applications eliminates a
crucial element of accountability and encouragement that
drives real-world fitness success. The fragmentation of
features across multiple applications further exacerbates
these challenges, requiring users to manage several
platforms simultaneously, leading to cognitive overload
and eventual abandonment.

Artificial intelligence and machine learning present
transformative opportunities to address these multifaceted
challenges. Al-based systems can provide personalized
recommendations that adapt in real-time to user behavior,
environmental conditions, and performance patterns.
Unlike static, rule-based systems, machine learning
models can identify subtle patterns in user data to predict
optimal workout intensities, rest periods, and nutrition
strategies. Natural language processing enables intuitive
food logging through voice commands or image
recognition, dramatically reducing the friction in nutrition
tracking. Moreover, reinforcement learning algorithms can
dynamically adjust challenge difficulty and reward
mechanisms to maintain optimal engagement levels,
preventing both boredom from tasks being too easy and
frustration from excessive difficulty.

Recent advances in mobile computing capabilities,
particularly on-device machine learning frameworks,
present opportunities to address these limitations. The
emergence of frameworks like TensorFlow.js enables
sophisticated neural network models to run directly on
mobile devices, eliminating privacy concerns while
maintaining computational efficiency [7]. Additionally,
the integration of behavioral psychology principles,
specifically Self-Determination Theory (SDT), provides a
theoretical foundation for designing motivational features
that sustain long-term engagement [8].

This research presents Fitness Warrior, a comprehensive
mobile fitness application that addresses these challenges
through innovative technical and design approaches. The
primary contributions include: (1) Implementation of a
CNN-based step detection model achieving 95.2%
accuracy through on-device processing, (2) Development
of an efficient food search system using TF-IDF
vectorization with sub-200ms response times, (3)
Integration of SDT-aligned gamification and social
features demonstrating 71.4% improvement in user
motivation, and (4) Creation of an adaptive goal generation
system incorporating user performance metrics,
environmental context, and behavioral patterns.
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The remainder of this paper is organized as follows:
Section II reviews related work and identifies research
gaps, Section III describes the methodology and system
design, Section IV presents implementation details and
evaluation results, and Section V concludes with
discussion of findings and future directions.

II. LITERATURE REVIEW
Current fitness applications implement isolated elements
without integrating them into a cohesive user experience.

A.  Current Fitness Application Landscape
Commercial  fitness  applications have evolved
significantly over the past decade, yet critical limitations
persist. Fitbit [9], despite its market dominance, relies
primarily on threshold-based step detection algorithms that
achieve only 76% accuracy in free-living conditions [10].
The application's nutrition tracking requires manual
barcode scanning or text search through databases
exceeding 500,000 items, resulting in cognitive overload
and user frustration [11]. MyFitnessPal [12] offers
comprehensive nutritional databases but suffers from
similar usability issues, with average food logging times of
3.7 minutes per meal [4]. Strava [13] excels in social
features and GPS-based activity tracking but lacks
integrated nutrition monitoring and adaptive goal setting,
limiting its utility for holistic health management [14].

Nike Training Club [15] demonstrates advanced workout
programming but operates in isolation from daily activity
tracking and nutritional monitoring. Recent studies
indicate that fragmented fitness ecosystems, where users
must switch between multiple applications, reduce
adherence by 45% compared to integrated solutions [16].
This fragmentation particularly impacts users seeking
comprehensive lifestyle changes rather than single-
dimension fitness improvements [17].

B.  Gamification and User Engagement

The integration of gamification elements in fitness
applications has been extensively studied. Johnson et al.
(2023) conducted a systematic review of 47 fitness
applications, finding that achievement systems increased
short-term engagement by 52% but showed diminishing
returns after 6 weeks [22]. This aligns with Self-
Determination Theory, which emphasizes the importance
of intrinsic motivation over external rewards [8].

Recent work by Kumar et al. (2024) demonstrated that
adaptive difficulty adjustment in fitness challenges, based
on user performance metrics, sustained engagement 3.2
times longer than static challenge systems [23]. Their
findings suggest that personalization must extend beyond
content to include motivational mechanisms. Social
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features have shown promise, with Martinez et al. (2023)
reporting that users with active friend connections
maintained 67% higher activity levels over 6 months [24].

C.  Machine Learning in Fitness Applications

The application of machine learning to fitness tracking has
shown promising results in recent literature. Wang et al.
(2023) demonstrated that CNN-based models could
achieve 89% accuracy in step detection using smartphone
accelerometer data [18]. However, their approach required
cloud processing, introducing latency and privacy
concerns. Zhang et al. (2024) improved upon this with a
lightweight LSTM model achieving 91% accuracy, but
battery consumption increased by 23% during continuous
monitoring [19].

Adaptive fitness recommendation systems have emerged
as a critical research area. Liu et al. (2023) proposed a
reinforcement learning framework for personalized
workout generation, achieving 34% better adherence
compared to static programs [20]. However, their system
required extensive user history (minimum 30 days) before
generating effective recommendations. Chen et al. (2024)
addressed this cold-start problem using transfer learning,
reducing the required training period to 7 days while
maintaining recommendation quality [21].

D.  Artificial Intelligence in Fitness Applications
Fister et al. (2015) showed how Al can create exercise
plans tailored to each person's abilities and preferences.
Mahmud et al. (2021) found that combining tracking with
real-time feedback helps people improve faster and stay on
track. Al also plays a huge role in real-time coaching and
personalized recommendations.

E.  Social Features and Community Engagement
Zhang et al. (2016) found that competition and support
each play important roles. Competitive elements like
leaderboards boost short-term motivation, while social
support helps people stay committed over time. Maher et
al. (2015) showed that combining social networking with
gamification made people more motivated and physically
active.

F.  Privacy-Preserving Health Technologies
The shift toward on-device processing represents a
paradigm change in health application development.
Thompson et al. (2023) surveyed 1,200 fitness app users,
finding that 78% would accept slightly reduced accuracy
in exchange for guaranteed on-device data processing [25].
This preference has driven innovation in edge computing
for health applications. Lee et al. (2024) demonstrated that
carefully optimized TensorFlow Lite models could
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achieve within 3% accuracy of cloud-based counterparts
while eliminating network dependencies [26].

G. Research Gaps
Despite significant advances, several critical gaps persist
in current fitness application research and development:

Integrated Architecture Gap: No existing solution
successfully combines accurate activity tracking, efficient
nutrition monitoring, adaptive personalization, and social
engagement within a unified, privacy-preserving
framework [27].

Real-Time Adaptation Gap: Current personalization
approaches rely on batch processing of historical data,
missing  opportunities for contextual, real-time
adjustments based on immediate user behavior and
environmental factors [28].

Theoretical Foundation Gap: Most fitness applications
implement gamification and social features without
grounding in established Dbehavioral psychology
frameworks, resulting in short-lived engagement boosts
rather than sustained behavior change [29].

Evaluation Methodology Gap: Existing studies primarily
focus on technical metrics (accuracy, latency) or short-
term engagement, lacking comprehensive evaluation of
long-term health outcomes and user satisfaction [30].

This research addresses these gaps through a novel
integration of on-device machine learning, theory-driven
design, and comprehensive evaluation methodology, as
detailed in subsequent sections.

III. METHODOLOGY

A.  Research Design

This research employed a Design Science Research (DSR)
methodology [31], focusing on creating and evaluating an
innovative artifact—the Fitness Warrior application—to
address identified problems in fitness tracking. The DSR
approach was selected for its emphasis on practical
problem-solving through iterative design, development,
and evaluation cycles [32]. The methodology incorporated
both quantitative and qualitative research methods to
ensure  comprehensive  evaluation of  technical
performance and user experience.

B.  Development Framework
The project adopted Agile Scrum methodology with two-
week sprints, enabling rapid iteration based on continuous
feedback. This approach proved particularly valuable for
balancing technical innovation with user-centered design
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requirements. The development process was structured
into five primary sprints:

Sprint 1 - Foundation (Weeks 1-2): User authentication
system implementation using Firebase Authentication,
profile creation with biometric data collection (height,
weight, age, gender, fitness goals), secure data storage
architecture with encryption, and initial React Native Ul
framework establishment.

Sprint 2 - Core Tracking (Weeks 3-4): Sensor data
acquisition from accelerometer and gyroscope at S0Hz
sampling rate, step detection algorithm implementation
with sliding window approach (window_size=50,
step_size=25), calorie tracking interface with food
database integration, and Firebase Firestore integration for
data persistence.

Sprint 3 - Machine Learning Integration (Weeks 5-6):
CNN model deployment using TensorFlow.js,
optimization for on-device inference with model
quantization, food search algorithm implementation using
TF-IDF vectorization (ngram range=(1,2), min_df=2),
and performance optimization for battery efficiency.

Sprint 4 - Gamification Features (Weeks 7-8):
Achievement system with 15 milestone categories,
dynamic leaderboard implementation with real-time
updates, progress visualization using React Native SVG
charts, and reward mechanics based on SDT principles.

Sprint 5 - Social and AI Features (Weeks 9-10): Friend
connection system with activity sharing, team formation
and collaborative challenges, Al coach implementation
with contextual recommendations, and weather API
integration for environmental awareness.

C.  Requirements Gathering
Requirements were gathered through multiple sources:

e Literature Review: Systematic review of peer-
reviewed articles from ACM Digital Library,
IEEE Xplore, and Google Scholar

e Market Research: Structured questionnaire
distributed to 60 participants showing 72.6%
preferred walking as primary activity, 82.3%
cited "lack of time" as barrier, and 87% showed
interest in progress tracking

e Supervisor Meetings: Regular  monthly
meetings for methodological guidance and
feasibility assessment

D.  Data Collection and Model Training

Step Detection Dataset
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The step counter model was trained on a comprehensive
dataset collected from 30 participants (labelled P001-
P030) performing three walking patterns: Regular
(consistent pace), Irregular (variable speeds), and
Semiregular (moderate variations). Each participant wore
a smartphone in multiple positions (pocket, hand,
backpack) while sensor data was recorded at 50Hz,
capturing  6-dimensional  motion data  (3-axis
accelerometer: X, Y, Z; 3-axis gyroscope: X, Y, Z).

Data pre-processing involved:

window size = 50 #1 second at50Hz

step size = 25 #50% overlap

features=df sensor[['S29 Accel MPU M
PL X CAL',

'S29 Accel MPU MPL Y CAL',

'S29 Accel MPU MPL Z CAL',

'S29 Gyro MPU MPL X CAL',

'S29 Gyro MPU MPL Y CAL',

'S29 Gyro MPU MPL Z CAL']].values

Food Database Compilation

The nutrition tracking system utilized five curated datasets
(FOOD-DATA-GROUP1 through GROUPS), totaling
2,395 unique food items. Each entry contained
comprehensive nutritional information:

e  Macronutrients: calories, protein, carbohydrates,
fat (per 100g)
e Micronutrients: 15 vitamins and minerals
e Nutrition density scores
Statistical analysis revealed significant diversity:

e  (Caloric range: 0-6,077 kcal/100g (mean: 223.77,
std: 384.73)

e  Protein range: 0-560.3g/100g (mean: 13.40, std:
32.29)

E.  System Architecture
The system follows a layered architecture with six main
components:

o Presentation Layer: React Native 0.76.6 with
Expo SDK 52.0.25 for cross-platform
compatibility

e Business Logic Layer: State management using
React  Context  API, business rules
implementation

e Data Access Layer: Firebase Firestore for cloud
persistence, AsyncStorage for offline caching
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e Machine Learning Layer: TensorFlow.js for
on-device inference, model serving and
prediction

e Device Services Layer: Expo Sensors API for
motion data, background task management

o  Utilities Layer: Data validation, error handling,
performance monitoring

F.  Evaluation Methodology
The evaluation employed a mixed-methods approach:

Technical Performance Testing: Automated testing of
model accuracy, response times, resource utilization

Functional Testing: Systematic validation of all features
using test cases

User Evaluation (n=21): Participants aged 20-45, diverse
fitness levels, 14-day usage period

Data Collection Instruments: Pre-study questionnaire on
fitness habits, in-app analytics tracking, post-study
satisfaction survey, semi-structured interviews

Ethical considerations included informed consent, data
anonymization, and local ethics committee approval
(Reference: UOB-CS-2024-037).

IV. RESULTS AND EVALUATION
This section presents a comprehensive evaluation of the
Fitness Warrior application, examining its technical
performance, user acceptance, and effectiveness in
achieving the research objectives.

A.  Machine Learning Model Performance

Step Counter Model

The CNN-based step detection model demonstrated
superior performance compared to traditional threshold-
based approaches:

Architecture Details:

TABLE 11: ARCHITECTURE DETAILS

Layer (type) 2&% lét Param #
convld (None, 48,
(ConviD) 32) 608
max_poolingld | (None, 24, 0
(MaxPooling1D) 32)
dropout (None, 24, 0
(Dropout) 32)
flatten (Flatten) | (None, 768) 0
dense (Dense) (None, 64) 49,216
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de‘zls)ee—:sf)p“t (None, 1) 65
Total params: 49,889 (194.88 KB)

Trainable params: 49,889 (194.88 KB)
Non-trainable params: 0 (0.00 B)

Performance Metrics:

e Validation Accuracy: 76.9%
entropy loss: 0.514)

e Training Accuracy:
batch_size=32)

e Real-World Testing: 95.2% accuracy compared
to manual counting

e Inference Latency: 68ms average per window

e Irregular walking patterns: 72.4% accuracy vs.
48.3% for threshold-based approaches

e Battery Impact: 3.2% per hour continuous
tracking

Comparative Analysis:

(binary cross-

79.3% (20  epochs,

e Irregular walking: 72.4% (vs. 48.3% threshold-

based)

e Device orientation robustness: 91.3% maintained
accuracy

e False positive rate: 2.1% (refractory period:
700ms)

Food Calorie Tracker Model

The hybrid TF-IDF and cosine similarity approach
achieved exceptional search performance:

Implementation Parameters:

e TF-IDF Vectorizer: ngram_range=(1,2),
min_df=2, stop_words='english'
e Vector dimensions: 2,395 x 1,847 sparse matrix
e  Similarity threshold: 0.3 for relevance
Performance Metrics:

e Top 5 Search Accuracy: 92.7% relevant results in
top 5 suggestions

e  Search Latency: 126ms average (6=23ms)

e (Cold-Start Performance: 87.3% accuracy for
first-time users

e Partial query handling: 88.2% accuracy for
queries like "chic" returning "chicken"

B.  System Performance Metrics

The application maintained acceptable performance
characteristics:
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e  Storage 78MB installation
footprint

e  Memory Usage: Peak RAM utilization of 124MB

e Offline Functionality: Core features maintained
without network connectivity

e Battery Impact: Optimized sensor sampling for
continuous tracking

e CPU Utilization: 12% average, 28% peak

e Network Bandwidth: 2.3KB/min (Firebase

sync)

Requirements:

C.  User Evaluation Results
Comprehensive user testing with 21 participants revealed
exceptional impact across key dimensions:

Activity and Engagement:

e 95.3% of users reported increased daily steps

(66.7% significant increase, 28.6% slight
increase)
e 90.4% experienced greater calorie intake

awareness (57.1% extremely aware, 33.3% much
more aware)

e 71.4% found social features strongly motivating
with additional 23.8% experiencing slight
positive effect

User Satisfaction:

e 90.5% rated overall satisfaction at 8 or higher on
10-point scale
e 95.3% found the application easy to use (81%
rating 5/5, 14.3% rating 4/5)
e 85.7% confirmed features were well integrated
e 95.2% appreciated Ul design quality
Feature-Specific Feedback:

Step Counter (n=21, 5-point scale):

e  Accuracy: 4.52/5.0

e  Goal Integration: 4.71/5.0

e Data Visualization: 4.38/5.0

e Real-time Feedback: 4.62/5.0
Calorie Tracker (n=21, 5-point scale):

e  Search Efficiency: 4.43/5.0

e Database Coverage: 4.19/5.0

e Nutritional Accuracy: 4.38/5.0

e  Overall Usefulness: 4.67/5.0
Personalized Goals (n=21):

e  Motivation Level: 81% high (61.9% extremely,
19.1% very)

e Difficulty Appropriateness: 4.48/5.0
e  Weather Integration: 76.1% found relevant
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e  Adaptation Quality: 4.33/5.0
Social Features (n=21):

e Engagement Impact: 71.4% strong positive effect
e Leaderboard Motivation: 4.29/5.0

e  Team Functionality: 3.95/5.0

e  Friend Connections: 4.14/5.0

D.  Technical Validation
Functional testing achieved 100% pass rate across all
major feature areas:

e  Authentication flows with proper validation
e Real-time sensor data visualization and step

counting

e Food search, portion adjustment, and calorie
calculations

e Friend request flows, team creation, and social
interactions

Personalized goal generation and Al coaching
responses

E.  Statistical Validation
Paired t-tests confirmed significant improvements:

e Daily steps: t(20)=8.42, p<0.001, d=1.84 (large
effect)

e Calorie awareness: ¥%(3)=42.31, p<0.001

e App engagement: 14.3 days average usage (Vvs.
5.7 days industry average)

V. DISCUSSION AND CONCLUSION

A.  Key Achievements
This research successfully developed and validated a
comprehensive fitness tracking application that addresses
critical limitations in existing solutions. The integration of
on-device machine learning, theory-driven design, and
user-centered development resulted in measurable
improvements across technical and behavioral dimensions.

The CNN-based step detection model's 95.2% real-world
accuracy represents a significant advancement over
threshold-based approaches, particularly for irregular
movement patterns. The implementation of on-device
processing via TensorFlow.js eliminated privacy concerns
while maintaining acceptable performance characteristics,
validating the feasibility of edge computing for health
applications. The hybrid food search system combining
TF-IDF vectorization with prefix matching achieved
superior performance (92.7% top-5 accuracy, 126ms
latency) compared to traditional database queries,
significantly reducing the friction in nutrition tracking.
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The application of Self-Determination Theory principles
through adaptive challenges (autonomy), skill progression
tracking (competence), and community features
(relatedness) resulted in sustained engagement, with
71.4% of users reporting strong positive motivational
effects from social components. This theory-practice
integration addresses a critical gap in current fitness
applications, which often implement gamification without
psychological grounding.

B.  Limitations and Future Directions
Despite promising results, several limitations warrant
acknowledgment. The evaluation period of 14 days, while
sufficient for initial validation, cannot confirm long-term
behavior change sustainability. Future longitudinal studies
spanning 6-12 months would provide more definitive
evidence of lasting impact. The sample size of 21
participants, though adequate for initial evaluation, limits
generalizability across diverse populations.

Technical limitations include reduced step detection
accuracy (£5%) when devices are carried in backpacks,
suggesting opportunities for multi-position training data
augmentation. The food database, while comprehensive at
2,395 items, showed gaps in regional and ethnic cuisines,
indicating need for crowdsourced expansion. Battery
consumption during continuous tracking (3.2%/hour)
remains a concern for all-day monitoring.

Future work should focus on: (1) Integration with wearable
devices for improved accuracy and reduced phone
dependency, (2) Expansion of Al coaching capabilities
using large language models for personalized guidance, (3)
Implementation of social features supporting virtual group
workouts, (4) Development of predictive models for injury
prevention based on activity patterns, and (5) Creation of
APIs enabling integration with healthcare provider
systems.

C. Implications and Contributions
This research makes several significant contributions to
the field of mobile health applications. Technically, it
demonstrates the viability of sophisticated on-device ML
for privacy-preserving fitness tracking, achieving accuracy
comparable to cloud-based solutions. Theoretically, it
validates the application of SDT principles in digital health
interventions, showing how psychological frameworks can
guide effective feature design. Practically, it provides a
blueprint for developing integrated fitness applications
that balance functionality, usability, and user engagement.

The success of Fitness Warrior in improving user behavior
(95.3% increased daily steps, 90.4% improved nutritional
awareness) while maintaining high satisfaction ratings
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(90.5% rating 8+/10) suggests that addressing technical
limitations alone is insufficient; holistic design
considering psychological and social factors is essential
for effective health behavior change applications.

D.  Conclusion

Fitness Warrior represents a significant advancement in
mobile fitness tracking, successfully addressing critical
limitations in current solutions through innovative
technical and design approaches. The integration of on-
device machine learning, efficient food search algorithms,
theory-driven gamification, and comprehensive social
features within a unified architecture demonstrates the
potential for next-generation health applications. As
mobile devices continue to advance in computational
capabilities, the approaches validated in this research—
particularly privacy-preserving on-device processing and
psychologically-grounded design—will become
increasingly important for developing effective,
trustworthy health interventions. The positive outcomes
observed in this study provide strong evidence that
carefully designed, integrated fitness applications can
meaningfully impact user health behaviors, paving the way
for more effective digital health solutions.
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Abstract—The AirPoint Lab project introduces an
innovative Al-based online platform designed to
modernize car painting services in Sri Lanka, addressing
key challenges such as inaccurate cost estimations,
unreliable workshop selection, and limited customization
options. The platform features an intuitive web interface
that enables users to design and visualize custom car
paint jobs with the assistance of AI-driven color matching
and instant cost estimates. By integrating workshop
ratings, local service recommendations, and transparent
pricing, the platform enhances accessibility and trust for
users.

Developed using Agile Methodology, the system was
initially built on the MERN stack but later migrated

to WordPress improved scalability, while incorporating
machine learning for personalized AI recommendations.
Rigorous testing confirmed the platform’s functionality,
usability, and accuracy, demonstrating its potential to
streamline the car painting process for both customers
and service providers. Beyond its practical applications,
this web application bridges academic research with
realworld implementation, offering a scalable solution
adaptable to developing nations.

Keywords— Car painting, WordPress, Cost estimation,
Web application, Online customization

L INTRODUCTION

Sri Lanka’s automotive painting industry deals with many
problems related to work processes and trust. Commonly,
vehicle owners discover that the price isn’t clear, the
service quality differs, and they cannot customize the
vehicle in important ways. Wanting a quote and to choose
your paint colors the usual way means traveling to several
workshops, a process that takes a lot of your time.

AirPoint Lab was built as an online platform using Al
technology to simplify the vehicle painting process with
immediate customization, correct price quotes and a rating
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and review system that helps users evaluate workshops
based on comments and rankings. Users can use the
platform to see how various paint colors will look on their
vehicle models, receive auto quotes adjusted for their area
and labor rates and find nearby trusted workshops through
Google Maps API integration.

The system’s core innovation lies in combining artificial
intelligence with user-centered web design. With the CNN
model, users can preview real-looking paint effects online
and make sure their car decisions are right. The same
period sees a regression cost estimator calculates painting
job quotes by considering factors such as the ink used, the
vehicle size and how much painters are paid where the job
takes place.

The original version was built using the MERN stack
(MongoDB, Express.js, React, Node.js), but then it was
moved to WordPress to speed up development and make
use of plugins for adding frontend tools. PHP is still used
at the back end for programming and connecting APIs.

Also, using a workshop rating and review system helps the
system guarantee that users choose repairs based on the
experiences of their fellow car owners. The first user
surveys found that 66.7% look for trustworthy service
providers, while 60.8% care about clear pricing which
AirPoint Lab is designed to fix.

AirPoint Lab has introduced a new solution adapted for
the automotive sector, using Al, web technology and a
focus on the user.

1
‘L}!’ﬂqINTLAH

Fig 11:Home Page
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II. LITERATURE REVIEW

Al-powered platforms can now be integrated into
automobiles, and this is mainly due to digital
transformation happening in automotive design. Services
including Maaco and Carfax give customers estimates and
a history, though they do not offer the chance to review or
adjust them. To solve this, AirPoint Lab provides car
painting features powered by Al, so users can customize
and select their preferred paint options in real time.

As shown by Burns [4] and Lee et al. [3], using feedback
and visuals during customization helps users make better
choices. CNN models at AirPoint Lab are used to predict
paint colors and offer customers moving image samples.
Kumar and Patel [1] point out that it is not easy to price
vehicles by model because costs vary for each labor and
material set. Using their observations, AirPoint Lab
designed a regression-based estimator where cost is
calculated using paint info, the model of the vehicle, and
regional costs.

Trust plays an important role in this issue as well. Liu et
al. [5] presents an idea to create blockchain systems to
validate and ensure truthfulness in reviews and pricing.
AirPoint Lab does not currently use blockchain, but its
setup, along with valid ratings for workshops, helps with
trust and fraud.

To ensure easy use, Cooper and Reimann [6] support UCD
and sent guidelines for AirPoint Lab to be built with the
Elementor library of blocks and tools. According to
Norman [7], an interface should not take up too much
mental effort from users, so the UI does this by offering
simple and fast access to the main features: color, cost, and
review,

III. METHODOLOGY

The AirPoint Lab team decided to apply to Agile to
support them in regularly developing, adjusting and
considering supervisor and user feedback. We built the
project in short bursts, developing a different milestone in
each sprint.

For Sprint 1, we designed the website using WordPress
and Elementor for UI and UX.

During Sprint 2, we focus on reviewing workshop
surveys and viewing user feedback forms.

In Sprint 3, we focus on backend logic with PHP and
MySQL.
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(  METHODOLOGY |

The AirPoint Lab team decided to apply Agile to support them
in developing the website

Agile Backend: PHP and
MySQL

~

Design, website using
WordPress and Elementor for [
UlarlX

Frontend: Elementor,
Astra Theme, and
WordPress plugins

Review workshop
surveys and userfee [
dback forms y

Train models using
TensorFlow on pricing
files and vehicle photos
S ——

Focus on backend
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logic with PHP ad MySQ H i e oo

using Google Maps

AP|
.

Work on Al models such a
a CNN and regression

Testing and validation usin
Selenium and BrowserStacl

Fig 12: Agile Methodology Chart

In Sprint 4, work was done on Al models such as a CNN
for predicting the paint effect and regression for estimating
the total price.

At Sprint 5, testing and validation are done using
technologies such as Selenium and Browser Stack.

The way we worked allowed us to quickly change to using
WordPress which made development happen faster.

To build the site, PHP and MySQL were used on the
backend and Elementor, Astra Theme and WordPress
plugins were chosen for the frontend. The system was built
with TensorFlow and trained in collections of more than
4,200 pricing files and 3,500 photos of vehicles.

Using the Google Maps API, nearby instructional
workshops are now listed with user feedback that is
genuine. All websites were examined in several browsers
and on different devices to guarantee they functioned as
expected.

System Architecture: The backend was built using PHP
and MySQL, while the frontend was developed using the
Astra Theme and Ele mentor plugins. Al models were
trained using TensorFlow and datasets comprising over
4,200 price records and 3,500 vehicle images. Google
Maps API was used to list and rank workshops based on
user feedback.

IV. RESULTS AND EVALUATION

To foster frequent progress, flexibility and advice from
users and supervisors, AirPoint Lab turned to Agile
Methodology. Targets in the project were reached step by
step with each sprint targeting a specific milestone.

In Sprint 1, I used WordPress and Elementor for UI/UX
design.
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In Sprint 2, both workshop ratings and user feedback
forms are gathered.

The purpose of Sprint 3 is to write backend applications
using.

A.  What the dataset includes
Al models from AirPoint Lab were developed based on:

We have archives of about 4,200 records of prices from
the past.

Over 3,500 car photographs

Approximately 3,000 labeled color versions are labeled.

Model Performance

[1] Color visualization accuracy: 92%
[2] Cost estimation accuracy: 90%

Usability rating (20 users): 4.2/5 User feedback showed
that:

[1] 87.5% of users would recommend the platform.
[2] 66.7% appreciated trusted workshop ratings.

[3] 60.8% found the cost estimation feature highly
accurate.

Because of this dataset, the platform could make
individual estimates for car models, different types of ink
and locations.

Putting the model into action

TensorFlow and a CNN model were used by the authors
to generate color previews when car details were provided.
The model used the choices made by the user (ink, color,
vehicle and area) to come up with possible printing costs.
Plugin extensions written in PHP were used to add these
models to WordPress.

B.  Performance

The program correctly visualized colors up to 92% of the
time.

The cost estimator was accurate up to 90% in area specific
prices.

Platform usability was rated as 4.2 out of 5 by testing 20
Or more users.

Feedback from users

From our surveys, we saw that:
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Very nearly all users praised the tool for evaluating
workshops.

About two thirds of those who used the feature thought the
color customization was very accurate.

A lot of users (87.5%) would suggest the platform to their
friends.

AirPaint Lab - Dataset Distribution

Fig 13: Dataset

C. Limitations

This technology does not yet support the creation of
pearlescent surfaces.

The chatbot must rely on people inputting data by hand
since it isn’t fully powered by NLP.

Mobile responsiveness is not supported by some older
device models.

V. CONCLUSION

AirPoint Lab successfully demonstrates the practical
application of the automotive industry by combining
automated customization, pricing estimation, and trust-
based workshop selection. Migration to WordPress
accelerated development without compromising on
backend complexity. Future enhancements may include
React Native apps, blockchain-based trust systems, and
GAN:s for realistic paint textures.

Tackles real issues faced by vehicle owners in Sri Lanka.

Switching to WordPress made deployments happen faster,
without giving up the PHP and MySQL complexity from
the backend. CNNs made it possible to match colors and
regression models to determine cost, both of which helped
create results customized to users. The Agile approach
meant we kept updating and improving the product over
time.

This work highlights both technical excellence and the
importance of user-friendly design, trust and transparency
that every automotive service platform should have.

Future strategies under consideration are:

e  Creating apps by using React Native,
e Blockchain-based reviews
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e Simulating realistic paint texture using
Generative

e  Adversarial Networks (GANs)

e AirPoint Lab is designed to fit any needs and
can be used for future vehicle services
development in developing markets.
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Implementation of Wyltl: An Imperative
Language with a Dual Interpreter — Compiler
Architecture

Dineth Mallawarachchi
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Abstract— When using a programming language, a
common drawback is the prevalence of resource constraints.
A lack of resources often results in programs executing faster
on high end hardware in comparison to middling or low-end
hardware. While a core tenant of programming is
optimization, with which entire industries have been built
upon, when implementing a programming language, the
process becomes significantly more complex. Minute
slowdowns in a programming language implementation could
very quickly result in major slowdown when executing some
code. This paper examines the process of implementing the
Wyltl language while balancing the need for performance and
resource efficiency provided precious insight and hints
towards future optimization, and the unique challenges and
opportunities for evolution. Including evaluation of varying
parsers, processors and technologies. The evaluation of
different parsers and processors was done throughout
development with a varied range of programming language
optimization techniques being followed as required.

Keywords— Parser Evaluation, Optimization,
Programming Language Implementation, Wyltl, Interpreter,
Compiler, Web Assembly, JavaScript Interoperability, Go.

1. INTRODUCTION

Wyltl [1] is a programming language with a focus on
maintaining a balance of simplicity and functionality
(programming  language design techniques), and
portability and embeddability (programming language
implementation techniques). The central design concept of
Wyltl focused on the idea that balancing all traits would
provide a complete and capable implementation for
experienced and new developers. An emphasis on
performance was considered secondary during the latter
stages of the project. Looking at Wyltl with a focus on
performance provides a unique perspective not commonly
found in many software development situations.

II. LITERATURE REVIEW
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When developing Wyltl a wide range of alternative
systems and approaches were considered with their
respective strengths and weaknesses.

A.  Pratt, Packrat and Recursive Descent Parsing

Parsing is the second stage of execution within a
programming language — responsible for taking a stream of
tokens given by the tokenizer and combining them into a
specific structure which is later processed or compiled.
Parsing in modern programming languages makes use of
either Pratt Parsing [2] or Packrat Parsing [3]. Out of these
approaches Packrat parsing introduced by Ford is often
avoided due to its relatively high memory usage. This is a
waste of resources and is not efficient when handling
complex expressions as what would be found when parsing
programs. Pratt’s parsing techniques in comparison are
quite efficient in parsing complex mathematical
expressions but would themselves struggle with efficiently
handling complex programs — and more importantly, error
handling and recovery. The solution was to investigate
classical LR (left-right) recursive descent parsing more
closely. Which provided fast execution speeds and low
memory usage with increased flexibility, while keeping
many of the improvements brought forward by a custom
parsing implementation as used in common Pratt and
Packrat parsing implementations.

B. Efficiency of Compiled and Interpreted Scripting
Programming Language Implementations.

The difference between Compiled and Interpreted
languages is a common point of concern for many users. It
becomes a key decision in implementing Wyltl as compiler
and interpreters are fundamentally different systems with
their own advantages and drawbacks. However, the role of
a scripting programming language is flexible as described
by Ousterhout in his historical analysis of programming
languages [4]. He correctly predicts the importance of
focusing on simplicity in a manner that does not
compromise on functionality. This applies to Wyltl in the
way both a compiler and interpreter are present and
supported. For absolute efficiency, a compiler is
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undoubtedly better as programs execute faster. However,
when it comes to embeddability an interpreter can offer
more flexibility. The key decision was to offer a dual
implementation that provided efficiency regardless of the
implementation type used, while keeping the inherent
performance differences between a compiler and
interpreter implementation.

C. Inline Substitution

One of the most popular optimizations done by
programming language implementations is inline
substitution. Which substitutes expressions with simplified
forms of themselves, this can take the form of replacing
expressions such as ‘2 + 1’ with ‘3’. The approach is
outlined by Scheifler [5]. In practice, using inline
substitution on complex statements can be difficult and
potentially risky. Wyltl makes use of inline substitution
when compiling mathematical expressions. Scheifler
examines the advantages brought forward by
implementing such a compilation structure — which
primarily consists of improving execution time by reducing
recursive function call. An approach which proves to be
very useful as recursion remains a complex and heavy
process which frequently bottlenecks and slows — down the
execution of many programming languages, including Go
and by extension WyltlL

D. Slim Compilation

In compiling a program to a binary format, the process in
which the compilation process occurs can also be
considered for optimization as described by Kistler and
Thomas [6]. ‘Slim Compilation’ in this context can contest
resulted in multiple approaches — starting from removing
unwanted debug data from executables to implementing
compression algorithms with binary data when required.
While reducing the size of compiled executables with a
high improvement ratio, such compression in turn results
in a need for increased processing power for decoding the
compressed data. Unlike other factors, slim compilation
presents a hard boundary of optimization, as it becomes
impractical beyond slight space savings.

III. UNIQUENESS OF WYLTL IMPLEMENTATIONS

Striking a balance between simplicity, portability,
embeddability and functionality is considered one of the
key challenges in programming language design and
optimization. Opinions regarding which of the trio should
be prioritized is what differentiates the syntax and
semantics of many programming languages. Wyltl forgoes
that by placing equal focus on all four factors. Simplicity
is ensured with Wyltl’s language design as shown by
listing one below. All fundamental programming
components are showcased with simple syntactical
structures
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Portability is ensured using the Go toolchain. Which by
itself ensures portability as Go does not depend on any
external dependencies for its cross-platform support.
Although it’s important to note that using Go by itself is
not indicative of cross platform support. Wyltl is
specifically written in a manner that it is completely
platform agnostic.

Embeddability is ensured in with Wyltl’s ability to be
embedded within existing Go applications. This is implicit
with how Wyltl’s components are designed and partitioned

IV. SHARED ARCHITECTURE OF THE WYLTL

IMPLEMENTATIONS

Wyltl provides a dual interpreter and compiler
implementation of which both are combined to form the
reference Wyltl executable. This form of distribution is
itself an optimization geared towards reducing the amount
of re-used code and duplicated downloads. This is apparent
with the distributed file size for the desktop and web Wyltl
versions, which fall around 3.00 Megabytes. Additionally,
the same approach is followed when distributing Wyltl for
Web Platforms, with a 3.10 Megabyte Web Assembly
binary being primarily embedded within HTML pages as
required. The internal structure followed by Wyltl is shown
by Figure One below.

Tokenizer

ecursive
Descent
Parser

IS Wyltl Interpreter

wyltic ‘ Go Gob ‘— - -[ GobData
Compiler Encoder Registration
T
1
S Yes Wyltic i
Gompiling Compilation [ - - - - -~
{ofle? Process

wyltlc Virtual
Machine

Fig 1 Shared Architecture of Wyltl Implementations

The Wyltl implementations achieve operational
efficiency by using this shared architecture to create a
‘base’ on which the Wyltl Interpreter, and Compiler build
upon. The Wyltl tokenizer and recursive descent parser are
common among both implementations. This is of
importance to the language as it ensures that benchmarking
is accurate and is not affected by changes in different
components.

The main divergence between the Wyltl Compiler and
Interpreter occurs when the input Wyltl code is broken into
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tokens by the tokenizer and then arranged into an abstract
syntax tree. The Wyltl Interpreter can process this data
directly, while the Wyltl Compiler requires compilation to
Wyltle as an intermediate step, then the generated Wyltlc
binary would require to be executed by the Wyltlc virtual
machine, which would effectively decompile the Wyltlc
file back to an abstract syntax tree. With that perspective
the Wyltl interpreter can be more effective in execution, as
no binaries or intermediaries are created.

The key player is the ‘gob’ standard library provided by
Go, which 1is responsible for the ‘compilation’,
‘decomplication’ and binary creation performed by the
Wyltl compiler and Wyltl virtual machine respectively.

A somewhat common myth is that a program would use
less memory in a faster device due to application executing
faster. However, the test-data collected by Wyltl disproves
it, by showing that the memory usage in moderate and
high-end devices is the same. This consistency in memory
usage is caused by the explicit nature of how Wyltl code is
handled. Of importance is how the data goes against the
concept of memory usage and execution speed being
strictly tied together in programming languages.

To accurately gauge the nature of the connection
between execution speed and memory usage in Wyltl, the
data must be examined with nuance using Go’s
benchmarking capabilities.

TABLE XII PERFORMANCE METRICS OF WYLTL IMPLEMENTATIONS

V. EVALUATING THE WYLTL COMPILER AND INTERPRETER Name of | Compile | Interprete | Interprete | Compile
USING COMMON ALGORITHMS Test r Speed | r Speed | r Memory | r
Wyltl offers the unique research opportunity to evaluate (ns) (ns) Usage Memory
a compiler and interpreter with a shared architecture (KB) [E;ge
against each other. De-mystifying the implementation and (KB)
performance of programming languages with the Iterative- | 555.33 952.26 91.57 98.75
understanding of them being programs themselves. The Fibonacc
key work in evaluating Wyltl is starts with the port of 1
several popular algorithms. Bubble- | 97.60 | 37446 | 3.00 9.85
Fig 2 showcases the difference in execution speed Sort
between the Wyltl Interpreter and Compiler. It is apparent i
that the primary speed difference between the compiler and Selectio | 121.48 | 370.69 3.09 10.17
. . . . .. . . n-Sort
interpreter is primarily visible when executing Wyltl in
moderate and low-end devices. To determine the state of Dijikstra | 531.23 939.29 3.09 10.17
optimization in Wyltl, the execution speed in high-end -Search
devices must be examined. In this scenario it is visible that Prims- 32799 79449 10.09 2920
the difference between the Wyltl compiler and interpreter Search ' ' ' '
becomes narrow, with the interpreter being 8.95% slower
than the compiler on average. Breadth- | 230.63 | 566.80 8.48 22.82
First-
Execution Times for Wylt] Algorithms Search
- o owstion [ Depth- | 184.18 | 501.90 7.76 2036
1000 (=] Intem‘reterVModerate First-
= comviervrers | Search
& 800
% Quick- 332.93 648.64 14.08 26.07
]E 600 Sort
2 Merge- 629.57 963.25 29.13 41.23
g a0 Sort
200 -
a
&
&
Algorithm
Fig 2 Algorithm Execution Speed of Wyltl Implementations
These results also showcase the dependency Wyltl has
on the speed of the CPU (central processing unit) used by
the device it is run on.
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The data shown in Table 1 was primarily evaluated
after visualization as shown in Figure 4 below.

Memory Usage and Execution Time for Wyltl Algorithms

100 1 Configuration

Emm Memory: Compiler Moderate
mmm Memory: Interpreter Modgerate
Memory: Compiler Hightnd
Memory: Interpreter fighEnd
—s— Time: Compiler Moglerate
—s— Time: Interpreter Moderate
Time: CompilepdlighEnd
Time: Interpreter HighEad

80 4

60

[ 600

Memory Usage (KB)

400

Algorithm

Fig 3 Algorithm Memory Usage of Wyltl Implementations

The primary findings from the visualization of Wyltl
performance data is concerned with showcasing the link
between the memory allocation count and the execution
speed. In a nutshell, the speed of the Wyltl
Implementations is loosely tied to the memory usage.
However, it is important to note that there is no connection
between the memory usage and execution speed across the
implementations of different algorithms in Wyltl. This can
be further seen when comparing the following calculations
of Pearson’s coefficient.

Fig 4 Pearson’s Coefficient of Wyltl Implementation Memory and
Execution Speed

Compiler Memory Allocation Count Vs Compiler Speed (High-End)
Slope = 0.1441, Intercept = 37.8236 Pearson r = 0.8957, p-value =
0.0011

Interpreter Memory Allocation Count Vs Interpreter Speed (High-
End) Slope = 0.1231, Intercept = 75.6166 Pearson r = 0.9594, p-value
=0.0000

Compiler Memory Allocation Count Vs Compiler Speed (Moderate)
Slope = 0.0404, Intercept = -10.4956 Pearson r = 0.8024, p-value =
0.00
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output := args[0].String()
js-Global().Get("document").Call("getElementByld",
"output").Set("value",
js.Global().Get("document").Call("getElementByld",
"output").Get("value").String()+output+"\n")

return nil

js.Global().Set("goPrint", printFunc)

printFunc := js.FuncOf(func(this js.Value, args []js.Value) interface{} {

Fig 5 Overwriting Pre-Defined Web Assembly System Calls with

Custom Functions.
Interpreter Memory Allocation Count Vs Interpreter Speed
(Moderate) Slope = 0.0325, Intercept = -6.8547 Pearson r = 0.7658, p-
value = 0.0161

An important observation to be noted in relation to the
Wyltl is its effectiveness in handling processor intensive
programs such as Fibonacci and Dijkstra Search.
Additionally, while Wyltl memory usage is not affected by
the efficacy of the hardware it is run on — the execution
speed of the implementations is linked together with
hardware. Additionally, the execution of simple programs
such as the fundamental sorts are more effective on all
hardware. There are algorithms such as iterative Fibonacci
and the graphing algorithms— which tend towards

wrappedCode := fmt.Sprintf("
(function() {
try {
return eval(%q);
} catch (e) {
throw new Error(e.message);

)
0", code.Value)

jsValue := js.Global().Get("eval").Call("call", js.Global(), wrappedCode)

comparatively high memory usage as they focus quite
heavily on recursion. Recursion is very CPU heavy on Go
and Wyltl by extension.
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VI. ROLE OF WEB-ASSEMBLY WITHIN WYLTL
IMPLEMENTATIONS

While programming languages usually support a variety
of platforms and systems without issues, the web is usually
ignored or left behind. This is a major loss considering the
prevalence of web sites and web development in general.
Wyltl supports the Web as a first-class platform through
the compilation target known as Web Assembly [7]. The
central challenge in this approach is that Wyltl is first and
foremost a text user interface application, which running
on the windows command line or Unix terminal.

The method in this challenge was overcome is by
overwriting the default Web Assembly functionality
defined by the Go Compiler. This functionality allows
Wyltl to print to a defined area of a web page without
having to depend on extensive development debts or
functions.

VII. JAVASCRIPT INTEROPERABILITY IN WYLTL

Out of the few languages that support seamless
execution on Web and Desktop platforms, through Web
Assembly or other platforms, none supports
interoperability with the JavaScript runtimes present in
Web Browsers. This is often a major detriment considering
that JavaScript reigns as the de-facto language of the web
besides HTML. In the case of Wyltl, JavaScript
interoperability is achieved by using web assembly as a
‘glue’ in the sense of using it as a middleman between the
Go-Runtime and the JavaScript engine used by the
browser. This allows the Web version of Wyltl to execute
any JavaScript code without problems, as compatibility is
guaranteed by the Web Browser’s own JavaScript runtime.
The disadvantage of this process here is the dependency on
the JavaScript runtime. This is the only feature that differs
among the different versions of Wyltl as the desktop
version will not execute such code.

The process of calling the Web Browser’s JavaScript
runtime to execute code is shown by the code snippet in
Fig 6 This code is selectively compiled exclusively for the
Web releases of Wyltl. A secondary feature of the
JavaScript interoperability present within Wyltl is the
conversion of datatypes between Wyltl and JavaScript.
This is necessary as even though Wyltl and JavaScript are
compiled languages, the way they map and deal with
datatypes are somewhat different. However, since the
fundamental data types remain the same regardless of the
programming language, conversion is mostly a
straightforward process.
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switch jsValue.Type() {
case js.TypeString:
return &String{Value: jsValue.String()}
case js. TypeNumber:
floatVal := jsValue.Float()

)
return &Float{Value: floatVal}
case js. TypeBoolean:
return &Boolean {Value: jsValue.Bool()}
case js.TypeNull, js.TypeUndefined:
return nil
default:
return &String{Value: jsValue.String()}
i

Fig 6 Passing JavaScript code to the Web Browser’s JavaScript runtime

The simplicity of this implementation is evident by the
code snippet presented in figure 7. Wyltl’s type system
through simplified is feature rich and capable of supporting
all the basic types used by JavaScript. The impact of this is
twofold. Primarily, data can be transferred without having
to depend on ‘string’ as the primary communication type.
Secondly, Wyltl’s null safety continues to be insured
through this process, which discards any null data returned
by JavaScript. However, there is still an expectation that all
JavaScript code written by users will contain the necessary
safety checks and balances.

VIII. WYLTL AND WYLTLC
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While the Wyltl Interpreter and Compiler accepts
Wyltl” files as inputs. The way they are used is
fundamentally different. The Wyltl Interpreter works by
directly executing the file. This is often slow as the
tokenizer and parser would have to execute before the
actual interpretation begins. The Wyltl Compiler takes the
input Wyltl file and splits it into instructions using the
Wyltl tokenizer and parser. Then the compiler registers the
types, and statements used within the program using the
‘GOB’ Go encoder. Then these data is saved to a file with
the label . Wyltlc’

Registe Registor Encode
Instructions 9 + Program & . i
Types Instructions to File
Statements

Fig 8 Compilation of Wyltl to Wyltlc

The actual execution of Wyltlc cannot occur directly as
the Wyltl virtual machine needs to de-serialize the file and
process it instruction & instruction. Whenever an
instruction regarding data modification is found, then it as
added / popped from the Wyltl Virtual Machine Stack as
shown by figure 9 below.
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PROCESS NEXT INSTRUCTION More

Instructions?

Process Instruction

Evaluate
Node Type

Push Result to
Stack

Push Error to Stack

Fig 9 Execution of Wyltlc within the Wyltl Virtual Machine

Processing data through a stack is significantly faster
and this is a major contribution towards Wyltl compiler’s
increased execution speed.

IX. LONG TERM MAINTAINABILITY OF WYLTL

Many see programming languages as a form of long-
term skill investment. Developers expect a language to
serve them well for many years or decades to come. One of
the main ways that Wyltl ensures this is platform support.
Wyltl currently supports Window, Macintosh, Linux and
Web as primary platforms. With BSD and bare-metal
programming being possible, yet untested platforms. Even
in these platforms Wyltl strives to support a range of
diverse systems. For instance, the windows release of
Wyltl is backwards compatible with Windows 7, in a time
where even the Go compiler has dropped support for it. The
promise of the Wyltl language is clear and consistent
support for all mainstream platforms (and some niche
platforms such as BSD).

Wyltl’s license has also been the subject of some
discussion. A closed source / proprietary approach might
bring some initial advantages, but they will all be
overshadowed by long term problems — such as
contribution. As a programming language grows a
collaborative development approach becomes necessary.
To ensure that Wyltl is not ill-prepared for such a future —
from the main release of Wyltl, it is first and foremost an
open-source project licensed under the GNU public license
which ensures that all forks and derivatives of Wyltl also
remain free and open source so that they can trickle back
upstream. As such users can be assured of Wyltl’s future.

X. TURING COMPLETENESS OF WYLTL

A fundamental question asked about any programming
language is its completeness. The main measure of a
programming language is what applications can be written
using it. The main measure of which is algorithm
implementation. To this end, many classical algorithms
have been implemented in Wyltl. A non-exhaustive list of
which is as follows.

1. Dijikstra Search Algorithm

2. Depth First Search Algorithm

3. Breadth First Search Algorithm
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Return Stack Top

Knuth Morris Pratt Algorithm

Bellman Ford Algorithm

Iterative Fibonacci Algorithm

Quick Sort Algorithm

Merge Sort Algorithm

9. Prims Algorithm

10.Bubble Sort Algorithm

11.Selection Sort Algorithm

12.Insertion Sort Algorithm

The Wyltl implementation of these fundamental
algorithms can be interacted with in the Wyltl
Playground (https://dineth-
lochana.github.io/Wyltl/practice.html). These are ‘pure
Wyltl” applications in the sense that they do not make use
of any external functions brought over from Wyltl’s JS
language interoperability. The ability of Wyltl to
implement these ‘Turing complete’ functions effectively
showcase that Wyltl is a Turing Complete language itself.
Wyltl’s syntax is flexible enough to allow for reasonably
complex constructs such as 2D or 3D arrays along with
imperative & functional programming flows. This is shown
by the most complex algorithm implemented in Wyltl
which is Dijikstra’s path finding algorithm. Focusing on
the opposite, that is simplicity. An example of a Turing
Complete Wyltl Program that also showcases all the
fundamental programming traits of — sequence, selection
(execution of programming), selection (conditional

e B U

suppose X is 1.
suppose y is inputNumber("How many Loops?").
suppose name is inputText("Enter name").

if (name equals "Dineth") {
print("Hey I'm Dineth too!")
} else {
while(x below y) {
print("Hello " plus name)
suppose X is x plus 1.
}
}

suppose wellWisher is compose(input) {
print("Have a nice day " plus input)

wellWisher(name).

suppose nameArray is stringToArray(name).
for(suppose count is 0 : count below length(name) : suppose count is
count plus 1) {

print(nameArray[count])

}

execution of programs), repetition (re-execution of code) is
the ‘greeter’ program that is showcased by listing 2.

The greeter program can be executed at the Wyltl Web
Playground of which the URL is as follows (https://dineth-
lochana.github.io/Wyltl/practice.html?file=greeter.wyltl).

XI. CONCLUSIONS
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The research insight provided by Wyltl helps to
determine the difference between a compiler and
interpreter built on a stable and shared base. The
performance and memory usage comparisons provided a
new perspective on how memory usage cannot be used to
accurately predict execution speed. This is a novel finding
specific to Wyltl and is of interest to both users of Wyltl
and developers using the Go programming language to
implement applications or programs. A wider range of
testing across the ‘unique’ platforms supported by Wyltl
such as WASM (Web Assembly), would be more useful,
however these are not possible currently due to the
inaccurate nature of the JavaScript Runtimes of Web
Assembly present in popular web browsers.
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Abstract— Mental health is a state of well-being that enables
individuals to manage stress, work effectively, and contribute
to society. However, reports show that serious mental health
problems among students worldwide are increasing rapidly. A
critical problem is that students often fail to recognize mental
health issues or the sources of their academic stress, leading to
silent suffering that escalates over time. A significant research
gap exists as current assessments methods lack the ability to
identify root causes of academic stress and provide explainable
decisions for clinical use. This significant rise in many students’
mental health issues have indeed opened important discussions
about its underlying causes, consequences, and the need for a
comprehensive support system. Voices are an important part
for identifying emotional expressions, as speech is the most
vital channel of communication, enriched with emotions. The
system analyzes emotional patterns in students' voices using
Natural Language Processing (NLP) techniques to identify
eight emotions and reveal the root causes of their mental health
challenges and academic or non-academic stress. Additionally,
Explainable AI (XAI) techniques are employed to provide a
comprehensive analysis of these patterns, enhancing
understanding and supporting managerial decision-making.
The system achieves 93.46% accuracy using Random Forest
algorithm with reliable confidence levels for clinical
applications. It operates effectively in uncontrolled
environments with language-independent features, ensuring
adaptability across diverse student populations. While
students typically seek support from counselors and healthcare
professionals who base their decisions on clinical experience,
this system offers an additional diagnostic tool to complement
and validate professional evaluations. This research aims to
better understand student mental health issues and contribute
to improved students’ wellness and academic success.

Keywords— speech emotion recognition, explainable Al,
mental health, student wellness, machine learning

I.  INTRODUCTION
Student mental health has become a critical concern in
academic environments worldwide. According to the World
Health Organization, 1 in 7 students aged 10-19 experience
mental health conditions, with depression and anxiety being
most
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common [1]. Recent studies show that 76% of students
experienced serious psychological distress in the past year,
while 92.4% report concentration difficulties due to stress
[2]. Current mental health assessment methods rely heavily
on subjective reporting and clinical observations.
Healthcare professionals often struggle to identify early
warning signs before conditions worsen. This research
addresses these limitations by developing an Al-powered

system that analyzes speech patterns to detect emotional
states and potential mental health concerns. The proposed
system uses speech emotion recognition combined with
Explainable Al (XAI) techniques to provide transparent,
interpretable assessments. This approach offers healthcare
professionals a wvaluable second opinion tool while
maintaining clinical decision-making autonomy. The
system focuses specifically on student populations,
addressing the unique stressors and challenges they face in
academic settings.

II. LITERATURE REVIEW
This review examines current research to support
developing an Al system that identifies student emotions
and mental health states using machine learning techniques.
The study addresses limitations in understanding student
academic stress and gaps in applying NLP and XAl methods
for mental health detection among student populations.

A.  Speech Emotion Recognition in Mental Health

Detection Using Machine Learning.

Traditional machine learning methods have shown good
results in detecting emotions from speech for mental health
purposes. Rastogi et al. [3] used Multi-Layer Perceptron
classifiers and achieved 75% accuracy in recognizing
emotions like anger and happiness, showing how voice
patterns can connect to mental states. Madanian et al. [4]
built a system to help mental health doctors during remote
therapy sessions, where they can't see body language. Their
Support Vector Machine approach reached 74% accuracy
on standard datasets and up to 89% when combining
different data sources. Shahin et al. [5] improved results by
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using a smart feature selection method with Grey Wolf
Optimizer and K-Nearest Neighbors, achieving 89%
accuracy for specific accents and over 80% for common
datasets, though the method was too slow for real-time use.
Ancilin & Milton [6] developed faster audio features that
performed better than traditional methods, reaching 81%
accuracy while taking less time to process, though
distinguishing between similar emotions like fear and
disgust remained challenging.

B.  Speech Emotion Recognition in Mental Health

Detection Using Deep Learning

Deep learning techniques have performed much better than
traditional machine learning approaches in recognizing
emotions from speech. Abdullah et al. [7] reviewed various
deep learning models and found that LSTM networks could
reach up to 95% accuracy when analyzing body signals,
while CNN models achieved around 72% accuracy.
Mohammed et al. [8] focused specifically on mental health
applications and used CNN models with audio features to
identify negative emotions linked to mental health
problems, achieving 94% accuracy. Tariq et al. [9] created
an advanced system combining Deep Stride CNN with Bi-
Directional LSTM that used multiple types of audio
features, reaching 95.5% accuracy and improving previous
methods by almost 20%. Liu et al. [10] developed a system
that worked across different speakers by combining CNN
with attention-based LSTM, achieving around 70%
accuracy, though they found that the system worked better
with male voices than female voices. Elsayed et al. [11] built
a model for virtual health assistants using gated RNN and
one-dimensional CNN, which achieved 94% accuracy and
significantly outperformed older methods like Support
Vector Machines.

C. Speech Emotion Recognition in Mental Health

Detection Using XAl

Explainable Al methods have become important in mental
health applications because doctors need to understand how
these systems make decisions. Destiny [12] used multiple
data sources including activity levels and stress scores to
predict stress levels, achieving 73% accuracy with Random
Forest and 72% with Gradient Boosting, with analysis
showing that stress scores were the most important factor.
Pendyala & Kim [13] tested several machine learning
models and achieved 85% accuracy with Gradient Boosting,
but their explainability analysis revealed that the models
were making decisions based on less important features,
highlighting why transparent Al is crucial for trustworthy
mental health systems. Kim & Kwak [14] improved
reliability by combining different audio analysis models and
achieved 87% accuracy while providing clear explanations
of how the system made its decisions using various
visualization techniques. Nfssi et al. [15] developed a
framework that focused on selecting the best features and
explaining decisions, testing 14 different models and
achieving up to 99% accuracy on some datasets, with clear
explanations of which features contributed most to the
predictions.
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Table 13: Existing Systems VS Proposed System
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[II. METHODOLOGY
The research uses datasets (RAVDESS and TESS) to train
machine learning models that identify eight emotions from
speech patterns through acoustic feature analysis. The
system employs explainable AI methods to provide clear
reasoning for predictions and detect emotions to academic
stress causes for healthcare professionals.

Figure 1 presents the proposed system architecture with
three main tiers. The client application tier handles audio
input and displays results. The backend services tier
processes speech data and runs machine learning models.
The database tier stores audio files and analysis results
securely. Mental health professionals use the web
application to monitor student emotions and make clinical
decisions. The system uses HTTPS communication to
ensure secure data transfer between all tiers.

97



Client Application Tier

Mental Health pathologist  could
monitor students’ emotion state and
analyze mental health by inputting
audios and make decision using web
application.

= &

Backend Services Tier

C)100
0a0

HTTFS

D

- — | Communication channel will be used
=’ .

— to communicate between the web
application and backend service.

Database Storage Tier

A
Storage and the tiers communicate —
via relevant driver software through
standard way.
Database

Fig 18 : System Overview Architecture

The software solution implements multi-stage processing
to analyze student speech and identify emotional patterns.
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Fig 19 : Software Solution Architecture

Fig2 presents the complete software solution workflow. The
process begins with loading input audio files, followed by
applying filters to remove background noise and unwanted
disturbances. The cleaned audio then undergoes feature
extraction to identify key acoustic characteristics.

The system employs multiple machine learning classifiers
including Random Forest, Gradient Boosting, K-Nearest
Neighbors, Multi-Layer Perceptron, Bagging Classifier,
Support Vector Classifier, and Decision Tree algorithms.
Feature selection techniques optimize the most relevant
characteristics for emotion classification.
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Stage 1: Speech Emotion Recognition
e  Audio preprocessing and noise filtering
e  Feature extraction using MFCC, Chromagram,
MEL Spectrogram, and Spectral Contrast
e Machine learning classification achieving
93.46% accuracy
Stage 2: Root Cause Analysis
e  Stress factor mapping techniques analyzing
student responses
e  (lassification into academic, non-academic, or
combined stress factors using ranked stress
events
e Integration with emotion data for comprehensive
assessment
Stage 3: Explainable Al Analysis
e LIME and SHAP analysis for decision
transparency
e  Generation of clinical reports with clear
explanations
e Second opinion for healthcare professionals

If traditional ML approaches prove insufficient, the
workflow transitions to deep learning using CNN
architecture. The emotion recognition module processes the
classified results and filters negative emotions for further
analysis. The XAI Decision Framework then maps these
emotions to specific stress factors, ultimately generating a
comprehensive mental health diagnostic report for
healthcare professionals.

The training process employs a multi-source dataset
combining established repositories with custom recordings
for comprehensive emotion recognition.

RAVDESS Dataset the Ryerson Audio-Visual Database
provides professionally recorded emotional speech in
English. This collection features vocal expressions from 24
actors with North American accents, containing 7,356
recordings across eight emotions: neutral, calm, happy, sad,
angry, fearful, disgust, and surprised. Audio specifications
include 48 kHz sampling rate with standardized statement
variations.

TESS Dataset the Toronto Emotional Speech Set contains
validated voice samples with 200 vocabulary targets. This
dataset includes 2,800 recordings covering seven emotions
in English language, maintaining 24.414 kHz sampling rate
in mono-channel format.

Custom Dataset A specialized collection featuring
emotional expressions was developed with 1,232 audio
samples from 14 speakers. Recordings capture natural
emotional states in conversational contexts.

The combined dataset uses systematic file naming with
seven-segment numerical identifiers. Emotion
classification employs two-digit coding: 01-neutral, 02-
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calm, 03-happy, 04-sad, 05-angry, 06-fearful, 07-disgust,
08-surprised. This standardized system enables consistent
emotion identification during model training.

Audio preprocessing includes noise filtering using high-
pass filters and signal normalization. The nlpaug library's
NoiseAug function removes background noise while
preserving important speech characteristics. This step is
crucial for distinguishing between similar emotional states
like "neutral" and "calm."

Feature Extraction: Multiple acoustic features are extracted
using the librosa library

MFCC (Mel-Frequency Cepstral Coefficients): Captures
spectral characteristics of speech

Chromagram: Represents pitch class information across
musical octaves

MEL Spectrogram: Provides time-frequency representation
of audio signals

Spectral Contrast: Measures difference between spectral
peaks and valleys

These features capture different aspects of emotional
expression in  speech, providing comprehensive
representation for classification algorithms. the system
implements a hierarchical classification strategy. Seven
traditional ML algorithms are evaluated first: Random
Forest Classifier, Gradient Boosting Classifier, K-Nearest
Neighbors, Multi-Layer Perceptron, Bagging Classifier,
Support Vector Classifier, and Decision Tree Classifier.

If traditional ML approaches prove insufficient, the system
employs Convolutional Neural Networks. This adaptive
approach balances computational efficiency with
classification performance.

Table 2: Ranked Stress Events

analysis, the system categorizes the student's condition as
academic mental health issues, non-academic mental health
issues, or a combination of both. The proposed system
identifies common academic stressors such as "fear of
speaking in class" and "academic workload pressure" while
also recognizing non-academic factors. This dual-analysis
approach connects emotional patterns with their underlying
psychological causes through systematic word-to-stress-
factor mapping.

The proposed system utilizes Python 3.8+ with scikit-learn
for traditional machine learning algorithms (Random
Forest, SVM, KNN) and TensorFlow 2.x for deep learning
implementation. Data processing employs pandas and
numpy libraries for manipulation and numerical
computations. Audio processing capabilities include
librosa for feature extraction and signal processing, sound
file for file operations, and nlpaug for noise removal and
data augmentation. Explainable Al functionality integrates
LIME and SHAP libraries with matplotlib and seaborn for
visualization support. The system architecture uses Flask
for backend API development and React with JavaScript
and CSS for frontend interface design, providing healthcare
professionals with accessible mental health assessment
tools.

Two XAI techniques provide model transparency:

LIME (Local Interpretable Model-agnostic Explanations):
Explains individual predictions by identifying which
speech features contribute most to specific classifications.
This helps clinicians understand why the system flagged
emotional states.

SHAP (SHapley Additive exPlanations): Quantifies each
feature's contribution using game theory principles. SHAP
provides consistent, fair attribution of how speech
characteristics influence mental health assessments.

Ethical Considerations

I am afraid to speak or discuss in the lecture room

I feel academic programme is too cumbersome for me

his system is designed exclusively as a second opinion

I have trouble making up my mind about my academic work

ool for medical professionals in clinical settings. The

I feel worried about coping with my studies

roposed system prioritizes student privacy through
implementation of high-security protocols and highly

I feel some lecturers are too hard for me to understand

encrypted database systems for audio data storage. All data

Some courses are too dull and boring

transmission utilizes advanced encryption standards, with

I have difficulty in eating

role-based access control ensuring only authorized medical

I am not really sure am interested in reading

professionals can access patient information. The system

I have trouble studying effectively

mploys automatic data anonymization processes and
ecure deletion protocols to maintain confidentiality

Detected emotions are mapped to specific mental health
risk factors based on academic stress research using stress
factor mapping techniques. When students speak, the
proposed system simultaneously identifies their emotional
state and analyzes their spoken words. These words are then
mapped against ranked stress events to determine the
specific stressors affecting the student. Based on this
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standards required in healthcare environments.

IV. RESULTS AND EVALUATION
This section presents the performance results of the
proposed speech emotion recognition system and validates
the need for automated mental health assessment tools. The
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evaluation includes algorithm comparison, accuracy
analysis, and market research findings from student surveys.

A comprehensive survey of 93 students validated the need
for automated mental health assessment tools. Key findings
include: 89.2% of students feel overwhelmed by academic
workload, 94.6% experience anxiety about academic
performance, 78.3% report physical symptoms of stress, and
58.7% believe universities provide insufficient mental
health support.
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Fig 3: Algorithm Performance
Training was conducted using RAVDESS dataset across
multiple machine learning algorithms shows in figure 3. The
evaluation measured overall model accuracy during the
training process and individual prediction confidence levels.

Random Forest achieved the highest training accuracy at
93.46%. The model showed strong performance across
different emotion categories with balanced precision and
recall scores. The algorithm demonstrated consistent
confidence levels with reliable prediction scores.

Gradient Boosting scored 92.16% training accuracy with
excellent performance. The algorithm demonstrated steady
learning patterns and maintained superior generalization
across emotional

states. Multi-Layer Perceptron reached 88.32% training
accuracy and demonstrated high confidence levels on
individual predictions. The neural network approach
showed strong performance with consistent accuracy
across test samples. K-Nearest Neighbors achieved 84.12%
training accuracy. The algorithm showed good
performance with reasonable confidence levels for emotion
classification tasks.

Table 14: Classification Report for Each Emotion

Emotion | Precision | Recall F1 Support
Score
Neutral 0.96 0.94 0.95 147
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Calm 0.91 0.93 0.92 94

Happy 0.94 0.96 0.95 194
Sad 0.95 0.94 0.95 195
Angry 0.97 0.96 0.97 195
Fearful 0.89 0.91 0.90 195
Disgust 0.94 0.95 0.95 148
Surprised | 0.93 0.95 0.94 148

After training on the combined RAVDESS, TESS, and
custom datasets, the Random Forest algorithm achieved the

highest accuracy of 93.46% among all tested machine
learning models. The model demonstrated exceptional
performance across all eight emotional categories, with
particularly strong results in angry emotion recognition
(97% precision, 96% recall) and consistently high FI1-
scores ranging from 0.90 to 0.97. The balanced
performance metrics indicate robust emotion classification
capability, with macro-averaged precision, recall, and F1-
scores all reaching 0.94, confirming the model's reliability
for clinical mental health assessment applications.

V. CONCLUSION

This study developed a complete system to detect mental
health problems in students by analyzing voice patterns.
Student mental health is getting worse worldwide. There is
an urgent need for better ways to spot problems early before
they become serious. The system uses speech emotion
recognition to identify eight different emotions in student
voices. It then maps these emotions to specific stress factors
like fear of speaking in class or feeling overwhelmed by
schoolwork. The system achieved 93.46% accuracy using
Random Forest methods. This makes it reliable enough for
healthcare use. Results showed that traditional machine
learning works better than deep learning for this task.
Confidence levels do not always match accuracy. This is an
important finding for clinical applications. A survey of 93
students confirmed the real need for this technology. Over
90% reported stress problems. Nearly 60% said universities
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do not provide enough mental health support. The system
gives doctors and counselors a helpful second opinion when
working with students. It does not replace human judgment.
Instead, it provides clear explanations about emotional
patterns and potential causes of student stress. This helps
healthcare workers make better decisions while keeping
their professional authority. This technology could change
how mental health problems are identified in students.
Looking ahead, several development priorities will enhance
the system's effectiveness and reach. The immediate
priorities include expanding validation to encompass over
1500 real student samples, integrating additional languages
beyond English, and developing a mobile application to
facilitate easier clinical deployment. The long-term
research directions focus on investigating multimodal
fusion with facial expression analysis, developing
personalized stress intervention recommendations, and
creating longitudinal tracking capabilities for treatment
progress monitoring. These advancements will strengthen
the system's clinical utility and broaden its impact on
student mental health support worldwide.
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Abstract - FocusBoost is an Al-powered adaptive learning
platform designed to support children with Attention Deficit
Hyperactivity Disorder (ADHD) through personalized
learning experiences. By integrating video-based learning
with voice input analysis, the system uses speech processing
techniques to assess a child's engagement and comprehension
in real-time. Based on real-time analysis, the platform
dynamically adjusts content difficulty and pace to the needs of
the individual learner. In practical testing, the system
demonstrated high accuracy in classifying learner
engagement and comprehension, with more ADHD learners
reporting improved focus and content retention. Additionally,
parents have noticed positive changes in their child’s study
habits and attention span through its use. The site has a
performance tracking accuracy page for children, which
shows their level of comprehension. This research highlights
the effectiveness of Al-enhanced learning for students with
brain and neurological issues and its potential to improve
inclusive, sustainable education practices. The system is
designed with scalability in mind, allowing for multilingual
support, culturally adaptive content, and future integration
with medical professionals, expanding its impact across a
variety of educational and therapeutic settings.

Keywords - Artificial Intelligence, Attention Deficit
Hyperactivity Disorder, Natural Language Processing, Mel-
Frequency Cepstral Coefficients, Short-Time Fourier
Transform, Convolutional Neural Network

L INTRODUCTION

Children with attention deficit hyperactivity disorder
(ADHD) often face significant challenges in traditional
learning environments, where rigid structures and
consistent teaching methods can make it difficult for them
to focus, retain information, and stay engaged. FocusBoost
was created in response to this need - a web-based adaptive
learning platform that uses artificial intelligence (Al),
machine learning (ML), and natural language processing
(NLP) to assess and support the cognitive engagement of
children with ADHD. By allowing children to watch,
download, and respond verbally to short
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educational videos, the system captures and analyzes
speech patterns to determine levels of comprehension and
attention.

Traditional educational environments, whether physical or
digital, often fail to meet these needs. Most digital learning
platforms rely heavily on static, text-based content and self-
paced navigation structures, offering minimal sensory
diversity

or real-time adaptation. Such stereotypical models put
learners with neurodiverse learning styles at a disadvantage
by not responding effectively to fluctuating attention spans,
delayed feedback, or passive material consumption.
Furthermore, many platforms lack tools to dynamically
monitor engagement or adjust lesson difficulty based on
real-time learner input. To address these critical gaps,
FocusBoost was developed as an Al-powered adaptive
learning system specifically designed for children with
ADHD. The platform downloads and combines interactive
video lessons with real-time voice input analysis to assess
the child’s cognitive level and adapt content accordingly.

IL. LITERATURE REVIEW

Integrating adaptive learning technologies into educational
environments has become increasingly essential in
addressing the diverse cognitive needs of individuals with
attention deficit hyperactivity disorder (ADHD).
Brusilovsky and Millen [3] introduced the basic concept of
adaptive hypermedia, using rule-based logic to tailor
content delivery to individual learners. Recent advances
have built on this foundation, incorporating machine
learning and data-driven systems to facilitate real-time
personalization [4], [10]. These adaptive platforms help to
move away from the rigid, “one-size-fits-all” structures
common in conventional education and offer value to
learners with ADHD, who often struggle with attention
regulation, memory retention, and motivation [1], [2].

Research has shown that learners with ADHD benefit
significantly from structured environments, immediate
feedback, and multimodal content formats [5], [6].
However, many current adaptive learning tools rely heavily
on visual or text-based content, with little incorporation of
auditory interaction. This shortcoming in the use of voice-
based engagement is particularly problematic, as several
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studies have shown that children with ADHD often respond
more positively to audio-visual stimuli and verbal
expression than to traditional formats. Techniques such as
multi-frequency cepstral coefficients (MFCC), short-time
Fourier transform (STFT), and spectrogram-based audio
analysis have demonstrated effectiveness in capturing
cognitive engagement through speech features such as
pitch, tone, and clarity [9]. These audio-processing
techniques have been used in domains such as speech
therapy, emotion recognition, and assistive communication,
but have remained largely unexplored in educational
applications for ADHD learners.

The ethical and responsible use of learner data is an
important consideration in adaptive systems. Barto and
Siemens [7] emphasize the importance of privacy,
transparency, and fairness in learning analytics, while
Siemens [8] emphasizes the balance between data-driven
personalization and pedagogical integrity. These
frameworks serve as essential guiding principles for the
development of inclusive and trustworthy educational
technologies.

Despite advances in adaptive e-learning platforms, a clear
gap persists in tools specifically designed for children with
ADHD that use voice-based interaction for real-time
engagement analysis. FocusBoost addresses this gap by
combining advanced speech processing techniques and a
classifier to analyze voice input and adapt educational
content accordingly. A comparison of key features between
existing applications and the proposed system is presented
in TABLE 15.

TABLE 15 COMPARISON OF THE FEATURES OF THE EXISTING APPLICATION
AND THE PROPOSED SYSTEM

needed to quickly adapt to the cognitive and behavioral
needs of neurodiverse learners.

By adopting agile principles of collaboration, adaptability,
and iterative development, the development team was able
to maintain a user-centric focus throughout the project. This
approach not only accelerated the development timeline but
also ensured that FocusBoost emerged as a practical,
engaging, and inclusive learning tool that reflected the real-
world needs of its intended users.

A. System Architecture & Features
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Fig. 9. System Architecture Model

The overall structure of the FocusBoost platform is
illustrated in Fig. 1, which outlines the main functional
blocks and data flow of the system. The FocusBoost system
is built on a modular architecture that separates user
interaction from data processing to ensure flexibility and
scalability. Users engage through a simple, child-friendly
interface where they watch educational videos and respond

verbally. These responses are processed in the backend,

Features IXL | FunBrain | Do2learn | iCom | FocusBaghere the system analyzes speech patterns to assess
. m st eomprehension and attention. The system tracks user
Video No No No No Yes f : llowine f lized feedback
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The development of FocusBoost followed the Agile
software development methodology, chosen for its
iterativeness, flexibility, and user-centricity. Agile allowed
the project to build the system incrementally, involving
continuous feedback and refinement at each stage. This
approach was particularly useful for the project, which
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Fig. 10. Random forest classifier output diagram with trained
dataset

As illustrated in Fig. 2, the Random Forest classifier
demonstrates effective categorization of user input based
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on extracted speech features. A foundational step in speech
classification involves using a random sample classifier to
label audio recordings as normal or abnormal, providing a
baseline for evaluating more advanced models. The process
begins with feature extraction (e.g., MFCCs, spectrograms)
and dataset labeling, followed by training using tools like
scikit-learn. Although the random classifier has limited
predictive accuracy, it helps establish problem scope and
evaluation standards. Performance is assessed using
metrics such as accuracy, precision, and recall. In contrast,
Random Forest Regressors offer greater robustness,
effectively handling high-dimensional.

C. Analysis

Global Adaptive Learning Market
Size, 8y Component, 2019~ 2030, (USO Billion)

154 Bn

2025 2026 2028 2029

1.78n

2019 2020 2021 2022 2023 2024 2027 2030

u Platform Services

Video Module Allows users to watch educational content
for comprehension assessment.

Audio Captures user responses for speech

Recording analysis.

Speech Analysis | Uses MFCC, STFT, and chromagram

Engine features to evaluate attention and clarity.

CNN Classifier | Classifies user responses and predicts

comprehension level.
Child-friendly layout for ease of use and

User Interface

un minimal distraction.

Progress Monitors performance and engagement;
Tracker shares insights with educators/parents.
Flask API, Manages data flow, learning logic, and
Backend user interaction processing.

E. Technology Stack

Frontend: HTML, CSS, JavaScript
Backend: Python

Database: MySQL

API: Flask API

IDE: PyCharm Community Edition
Libraries: MoviePy, SpeechRecognition,

Librosa, Soundfile, FuzzyWuzzy, Pickle

Algorithms: STFT, Spectrogram, MFCC,

Fig. 11. Adaptive Learning Industry Report 2024 - 2030

As shown in Fig. 3, the Adaptive Learning Industry Report
(2024-2030) projects a steady rise in the adoption of
intelligent educational platforms, supporting the relevance
and future scalability of systems like FocusBoost. Each
module plays a unique role in capturing, analyzing, and
responding to learner input in real time. The key
components of the system are summarized as follows:
Video Monitoring and Response: Users watch videos
and respond verbally.

Voice Analysis Engine: Extracts and analyzes speech
features (MFCC, STFT, Chromagram).

Adaptive Learning Engine: Uses a CNN classifier to
adjust content difficulty and feedback based on
performance.

Progress Tracking: Provides real-time feedback to
parents and educators.

D. Key Components

The main modules of the FocusBoost system are
summarized in TABLE 16, which outlines the function of
each component within the adaptive learning framework.

TABLE 16 KEY COMPONENTS OF FOCUSBOOST SYSTEM

| Component | Function |
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Levenshtein Distance, Fuzzy Matching

Iv. TESTING & EVALUATION
FocusBoost was evaluated through real-world testing with
both  ADHD and non-ADHD children to assess
performance, usability, and engagement. Participants
interacted with video content and responded verbally,
enabling analysis of comprehension through speech
features. Results showed notable improvements in attention
span, motivation, and task completion among ADHD users,
with many requesting longer sessions. Educators and
parents reported positive behavioral changes and increased
participation. The adaptive content delivery was well
received, and the speech model achieved over 85%
accuracy. However, improvements are needed in voice
recognition and system performance on lower-end devices.
The overall process of delivering personalized content
based on voice input and performance is outlined in the
system's adaptive workflow in Fig. 12 .

| cNN Crassitior
*

| feeaback |

Usaear iIntecfoco Audio Processing Adaptive Content
> Engine
r I MFCC ~
Watch \ Adjust
| Lesson ol [ STFT l Content
3 )
Respond | Chromagram Trock
via Voice y 3 2 Porformancoe

Fig. 12. Workflow of Al-Based Adaptive Learning
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Overall, these results confirm FocusBoost as a viable and
engaging educational aid for learners with ADHD. The
main findings are as follows:

e Increased engagement: Children were more attentive
during interactive sessions.

e Improved Comprehension: Adaptive feedback
helped children understand and retain content better.

e Positive User Feedback: Parents and educators
reported significant improvements in focus and
participation.

e  Accuracy: The system has successfully analyzed
speech patterns and corrected difficulty levels with
over 85% accuracy in initial tests.

V.  DISCUSSION & DEVELOPMENT

The development of FocusBoost was guided by a user-
centered approach. It emphasizes iterative design and
empirical validation. Initial requirements were gathered to
understand the common learning barriers and
environmental triggers. These insights informed the design
of the system and informed decisions regarding feature
prioritization, interface design, and user engagement
strategies. The platform was developed using,

e Data Collection: Children interact with short
educational videos and verbally respond.

e Audio Processing: Voice recordings are analyzed
using Mel-Frequency Cepstral Coefficients (MFCC),
Short-Time Fourier Transform (STFT), and
Chromagram features.

e (lassification & Perception: A Convolutional Neural
Network (CNN) classifies comprehension levels.
Based on that, this site dynamically adjusts the
difficulty and type of learning content.

User feedback and early testing show that children engaged

positively with the platform, demonstrating increased

enthusiasm, participation, and improved comprehension.

Many users found the activities fun and interactive, which

is especially important for children with ADHD, who often

benefit from gamified, visually stimulating, and audio-rich
environments.

VI. CONCLUSION & FUTURE WORK
C. Conclusion

The development of FocusBoost is a significant step
forward in addressing the unique educational needs of
children with attention deficit hyperactivity disorder
(ADHD) through digital innovation. By combining
adaptive learning techniques with machine learning and
voice-based analytics, the system delivers a personalized
and engaging learning experience that adjusts in real time
to each child’s comprehension and attention levels. Early
testing improves focus, increases engagement, and
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positions learners and educators as a valuable tool for
creating inclusive and effective learning environments.
Empirical testing confirmed the platform’s effectiveness,
with learners showing significant improvements in
attention span, task completion, and content retention.
Feedback from over 80% of participating parents and
educators confirmed a significant increase in learner
motivation and engagement, with many children expressing
a preference for longer sessions due to the interactive and
engaging design. The platform’s adaptive mechanism,
powered by speech processing techniques and a
convolutional neural network, successfully responded to
varying levels of comprehension without the need for
manual input, underscoring its potential for scalability and
autonomous operation.

D.  Future Work

Future improvements to the FocusBoost system will focus
on expanding its accessibility, adaptability, and impact. A
key direction is to create a mobile app to ensure that
children can access the platform across devices, especially
in environments with low desktop availability. The system
will be made more accessible to seniors by incorporating
enhanced educational content and tailored interaction
designs. Expanding multilingual support will make
FocusBoost accessible to a wider global audience, allowing
children from diverse linguistic and cultural backgrounds
to benefit from adaptive learning. Additionally, future
versions will include advanced analytics dashboards that
provide parents, educators, and professionals with detailed
feedback and personal recommendations. Large and highly
diverse training datasets will be used to train the underlying
machine learning models to improve computational
accuracy and content.
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Abstract - The prevalence of diabetes has led to a
growing demand for personalized dietary management
tools, leading to the development of Nutria, a web-based
food recommendation system tailored for individuals
with diabetes. Nutria application is leveraging artificial
intelligence, machine learning, and image processing.
Nutria analyzes individual health data to provide real-
time meal suggestions. The system also features
predicting blood glucose level, feature of a chatbot that
supports user engagement by offering dietary advice,
tracking user progress and exercise recommendation
for control their disease condition. The inclusion of a
chatbot serves as a vital component of Nutria,
facilitating ongoing user engagement and support.
Users can interact with the chatbot to receive
personalized dietary advice, track their progress over
time. This interactive feature not only helps users stay
motivated but also fosters a sense of accountability in
their dietary choices. Findings from the system
evaluation revealed a high level of user satisfaction, with
over 85% of participants reporting improved dietary
awareness and adherence.

Keywords - artificial intelligence, machine learning,
blood glucose, chatbot

L INTRODUCTION

The Nutria is an innovative web application designed to
support

individuals with diabetes by offering personalized food and
exercise recommendations tailored to their unique health
needs. At its core, Nutria uses advanced technologies such
as Artificial Intelligence (Al), Machine Learning (ML), and
image processing to provide real-time, intelligent
suggestions. These include personalized meal planning,
predictions of blood glucose levels, and customized
exercise routines—all aimed at helping users manage their
condition more effectively in day-to-day life.

One of Nutria’s standout features is its Al-powered chatbot,
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which acts like a virtual health companion. Available 24/7,
the chatbot allows users to ask questions, upload lab reports
such as blood glucose readings, and receive instant,
relevant feedback. Whether someone wants advice on what
to eat for dinner or how to adjust their exercise routine
based on their latest health data, Nutria is there to help.
What sets Nutria apart from many existing health apps is its
seamless integration of multiple modules—meal planning,
exercise guidance, image-based food recognition, and
interactive chat—all within one cohesive and user-friendly
platform.

The development process followed the Agile methodology,
enabling the team to build the system iteratively while
incorporating continuous feedback from potential users.
This ensured that Nutria remained practical, intuitive, and
aligned with real-world needs. On the technical side, the
system makes use of tools like Tesseract OCR for
converting images (e.g., reports or handwritten notes) into
text, Python and NodeJS for back-end logic, MongoDB for
flexible data storage, and TensorFlow-powered
convolutional neural networks (CNNs) for accurate food
identification.

IL. LITERATURE REVIEW

Existing digital health applications for diabetes typically
focus on logging data such as glucose levels, food intake,
or physical activities. Applications like Dario Health,
MySugr, and Health2Sync provide data entry interfaces but
lack real-time, Al-driven feedback mechanisms. MySugr,
for example, includes features for logging meals and
estimating HbA ¢, but does not deliver personalized meal
suggestions or track user engagement.

According to recent studies, conversational agents, like
chatbots have a significant impact on how patients
comprehend and manage their health especially diabetes [1]
and [2]. Chatbots can act as intelligent assistants capable of
behavioral coaching, especially when integrated with
health monitoring systems to support proactive decision
making and lifestyle interventions like [2]. For example, [3]

107



proposed a machine learning based food recommendation
system that dynamically adjusts to glucose levels, while [4]
developed a deep learning model to recognize food items
through image processing. Despite these advancements, a
major limitation of existing systems is the lack of full
integration and real-time personalization, which are crucial
in managing complex conditions such as diabetes [3] and

[4].
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Fig.1 Comparison existing systems with Nutria

Fig.1shows the illustrations of a comparison of existing
food recommendation systems identified during the
literature review. To bridge the identified gaps, the Nutria
platform is introduced as a comprehensive solution
combining multiple technologies into a unified framework.
Nutria leverages conversational Al, food image
recognition, and real-time personalized dietary
recommendations through machine learning models. It
features a modular design that supports functionalities such
as the interpretation of lab reports, chatbot-based
interactions, and intelligent decision-making, offering an
innovative and user-centric approach to diabetic care.

Several researchers have explored the incorporation of
machine learning and clustering algorithms within dietary
recommendation systems. For instance, [5] proposed a
system utilizing Food Ontology (FO) in conjunction with
K-Means clustering and Self-Organizing Maps (SOM) to
structure modules for data preprocessing, noise
elimination, weight adjustment, and meal planning.
Similarly, [6] employed K-Means clustering to develop a
dual-purpose recommendation engine for both food and
exercise, comparing it with BIRCH and DBSCAN
algorithms and concluding that K-Means produced the
most consistent results. In parallel, various studies have
emphasized the importance of personalized chatbot
interactions that consider user preferences, behavioral
patterns, and even psychological factors such as meal
skipping or emotional eating [7]. Furthermore, [8]
highlighted the need to integrate physical activity planning
with nutritional guidance, while [9] explored Al-based
recipe customization to match individual dietary
restrictions. Additionally, [10] demonstrated that Al-
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powered chatbots can effectively guide users in making
healthier meal and lifestyle choices.

I1I. METHODOLOGY

The Nutria application was developed using the Agile
software development methodology. Agile was selected
due to its iterative approach, adaptability, and emphasis on
customer feedback. Development was organized into bi-
weekly sprints, each consisting of planning, designing,
coding, testing, and reviewing. This enabled the team to
build core features incrementally, gather early user
feedback, and make timely adjustments to meet user needs.
Each sprint included tasks such as chatbot training, Ul
prototyping, algorithm implementation, and database
integration. At the end of every sprint, feedback was
collected from a small user group comprising diabetic
patients and nutritionists to guide further refinements. In
Nutria the system has several models like calorie
recommendation model, general question model and
diabetic model.

A. Actual vs Predicted Calorie intake model

Goals of the model; Age, gender, weight, height Activity
level, Job industry, Family history of diabetes, Diabetic
status. Interpretation: “Most dots fall near the line,
indicating  strong prediction accuracy.” Calorie’s
calculations work:

The basal metabolic rate (BMR) =

10 * weight (kg) + 6.25 * height(cm) - 5 * age(y) + 5 for
(man) /

10 * weight(kg) + 6.25 * height(cm) - 5 * age(y) - 161 for
(woman)

Actual vs Predicted Calorie Intake

4000 J

3500

g
8

2500

Predicted Calorie Intake

2000 4

1500

1000

1000 1500 2000 2500 3000 3500 4000
Actual Calorie Intake

Fig.2 Illustration of Actual calorie intake vs Predicted calorie intakes of
Nutria application

B. Chatbot Design
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Message Controlier

Fig.3 Illustration of the design of the chatbot development for the Nutria
application

The design of chatbot illustrates a complete system
architecture for a chatbot as health assistant like;
Communicate with users, Processes lab report analyze,
generates meal plan and exercise plan, interacts with
backend and database.

Includes a messages controller with various services. The
chatbot was created with a structured flow of intents and
training

phrases to support natural conversation; "What does
NUTRIA mean?”, “Can you suggest a low-carb meal
plan?", "What should I eat to lose weight?", "Can you
recommend a meal plan for someone with diabetes?",
“What are some healthy breakfast ideas?"

C. Architecture system design of Nutria

Nutria is built on a scalable, modular client-server
architecture that ensures fast performance and user-friendly
interaction, and Fig.4 shows the illustration of system
architecture diagram of Nutria application. The frontend
uses React.js for dynamic and responsive user interfaces,
while the backend, developed with Node.js and Express.js,
handles business logic and communication with the
MongoDB database, which stores user bio data, glucose
reports, and historical data in a flexible NoSQL format. The
system leverages Al through TensorFlow for food image
recognition and OCR for personalized meal suggestions
based on individual health data. A trained natural language
chatbot offers real-time advice and guidance, enhancing
user interaction. All components communicate via
RESTful APIs, with the frontend deployed on MongoDB
and the backend hosted on Render, ensuring a robust and
easily upgradable platform.
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Fig.4 Illustration of System Architecture diagram of Nutria Application.

Nutria application test and evaluation with several testing
methods:

1. Unit testing - Conducted on individual modules such
as the recommendation engine, chatbot response
handler and image recognition algorithms to ensure
logical accuracy.

2. Integration testing - verified well different modules
interact within the application like user input, Al
responses, Database

3. System testing— Evaluated the complete application in
a simulated real — world environment to validated
system flow and functionality.

4. Usability testing — Focused on the user-friendly
application, ensuring that the interfaces are
accessible.

5. Performance testing — Monitored response times,

especially for meal plan generation and exercise plan.
IV.  RESULTS

A. Nutria Q&A Geral Question model

NUTRIA Q&A Model Evaluation

w & w - -

Number of Questions

0 0

0 T
ncomect

Correct

Missed (Shoubd've answered)

Fig.5 Illustration of Q&A Model Evaluation of Nutria application
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Fig.1shows the illustration of Q&A model evaluation of
developed Nutria application and it reads predefined
question-answer pairs from a dataset. Convert the questions
into semantic embeddings using a pre-trained language
model. Save these embeddings and answers into a. pkl
model file. Load the model and match new user questions
with the most similar stored question using cosine
similarity. Return the best-matching answer or
“no_answer” if confidence is too low.

B. Evaluation of system

The researcher evaluated the user feedback with three main
categories, like wuser details, system usability and
experience and satisfaction of the system. The survey of
user feedback got 30 responses. Below the answers to
questions will be reviewed. 30 users participated in
usability testing. 90% found the recommendations useful
and easy to follow and it shows in Fig.6.

Overall, both testing and evaluation confirmed that Nutria
delivers on its core objectives. The personalized approach
to dietary and fitness planning was well received, and the
system's intelligent features provided value to diabetic
users. Feedback highlighted strengths in usability and
customization, while also pointing out avenues for future
enhancement such as gamified user engagement and
integration with wearable devices.

Huws woold you rale your overall satisfaction with Nuliia?
A0 v

an

S0%) T (0% 1101%)

1 a 4 4

Fig.6 Illustration of overall user satisfaction of Nutria application.

V. CONCLUSION

The Nutria application demonstrates the effectiveness of an
Al-powered, personalized dietary planning system for
diabetic patients. It integrates features such as a user-
friendly interface, chatbot support, calorie prediction using
machine learning, and tailored meal and exercise
recommendations. Trained on a realistic dataset, the system
accurately estimates calorie needs based on user health
data. Evaluation through performance metrics and user
feedback confirmed high usability and precision. The
chatbot enhances interaction by providing personalized
responses, while image processing aids in food recognition.
Nutria addresses the need for real-time, customized
nutritional guidance, helping diabetic users manage their
health and prevent complications effectively.
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Future development of the Nutria system includes
expanding datasets with diverse, real-world data to improve
calorie prediction accuracy. Integrating wearable devices
can enable real-time monitoring and personalized feedback.
Enhancing accessibility through multilingual support and
text-to-speech features is recommended. Upgrading the
chatbot with advanced NLU will improve user interaction.
Clinical validation with experts and diabetic patients can
refine system effectiveness. Finally, incorporating
gamification and habit-tracking features can boost user
engagement and adherence to healthy dietary and exercise
routines.
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Abstract - In today’s digital era, prolonged computer
usage is commonplace, particularly in professional
environments. However, extended periods of improper
sitting posture can result in musculoskeletal disorders,
fatigue, and chronic health complications. Addressing
this concern, this research presents PostureEase, a
web-based posture analysis application designed to
promote ergonomic awareness and encourage healthy
sitting habits. The system leverages computer vision
and machine learning technologies to monitor posture
in real time using webcam input. Developed with a
React-based frontend and a Python-Flask backend,
PostureEase processes live video streams through
OpenCV and MediaPipe to detect poor posture based
on facial and shoulder landmarks. Upon detecting
improper alignment, the system provides immediate
alerts to the user. Key features include posture history
tracking, automated report generation, and exercise
and ergonomic recommendations. Evaluation of the
system demonstrated reliable performance under
typical working conditions, with responsive detection
and user-friendly interaction. This research
contributes to the domain of health technology by
offering a practical and preventive tool for posture
correction. Future enhancements may include mobile
integration and personalized analytics to further
improve user experience and effectiveness. With a
modular architecture and high usability, PostureEase
achieved an accuracy of 92% in posture classification
under normal lighting and device conditions. The
system was evaluated through both user testing and
technical validation, highlighting its potential for
scalable deployment in ergonomic health monitoring.

Keywords— posture monitoring,
machine
learning, computer vision, web-based application

ergonomic health,
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I. INTRODUCTION

Posture-related health issues such as chronic back pain,
neck strain, and spinal misalignment have become
increasingly

common due to prolonged sitting and sedentary work
habits [14], [16]. Office workers and computer users are
especially at risk for developing musculoskeletal disorders,
fatigue, and posture-related discomfort [9], [14].

Traditional ergonomic interventions, such as physical
training sessions or wearable posture-correcting devices,
are often costly, non-scale, or inconvenient for continuous
monitoring [6], [8]. Furthermore, these methods typically
lack real-time adaptability to individual postural behavior.

Advances in computer vision and artificial intelligence
have introduced new possibilities for non-invasive and
cost-effective posture monitoring. Techniques such as
Human Pose Estimation (HPE), powered by tools like
OpenPose and MediaPipe, allow accurate real-time
tracking of body landmarks through a webcam [3], [4],
[10]. Machine learning models such as Convolutional
Neural Networks (CNNs) and Support Vector Machines
(SVMs) have been applied to classify sitting postures with
promising results [12]. However, many existing systems
are limited in scope — they are often restricted to mobile
applications or rely on external sensors, and they usually
lack historical tracking or web accessibility [15], [16].

PostureEase addresses these gaps by offering a browser-
accessible, Al-powered posture monitoring system that
requires only a webcam. The application provides real-time
feedback, posture history analytics, and personalized
ergonomic suggestions, aiming to promote long-term well-
being and raise awareness about healthy sitting habits [1],
[10].

Research Objectives:
This study aims to address the following objectives:

e To develop a web-based application for real-time
posture monitoring using computer vision.
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e To leverage MediaPipe and OpenCV to detect and
analyze improper posture using webcam input.

e  To evaluate system performance through accuracy
testing and user feedback.

e  To promote ergonomic awareness by providing
historical analytics and personalized
recommendations.

II. LITERATURE REVIEW
A. Human Pose Estimation Using Computer Vision

Computer vision tools like OpenPose and MediaPipe offer
accurate real-time detection of body landmarks using
webcams [3], [4], [10]. These systems, combined with
preprocessing techniques such as edge detection and optical
flow, enable effective posture monitoring [2], [11], [12].

B.  Image Processing Techniques in Posture
Analysis

Preprocessing methods such as grayscale conversion,
edge detection, and background subtraction are critical for
isolating posture-relevant features [2], [11]. Optical flow
and contour tracking further improve posture detection in
continuous video streams [2].

C. The Importance of Good Posture and
Ergonomics

Poor sitting posture is linked to musculoskeletal disorders,
fatigue, and reduced productivity, especially in prolonged
computer-based tasks [6], [9], [14]. Ergonomic
interventions can mitigate these risks, but they often lack
adaptability and real-time feedback [8], [16].

D. Machine Learning Approaches for Posture
Analysis

CNNs and SVMs have shown high accuracy in classifying
posture using spatial body landmark data [1], [12]. Some
systems integrate rule-based logic with learning models to
enhance feedback and personalization [10], [13]

E.  Web-Based Posture and Health Applications

Existing tools like SitApp and APECS offer limited
features and often require wearables [15], [16]. PostureEase
offers a browser-based, hardware-independent platform
with Al- powered posture tracking, historical analytics, and
ergonomic suggestions [1], [10]

1. METHODOLOGY

PostureEase was developed wusing the Agile
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methodology to ensure iterative development and
integration of user feedback. The system architecture
includes three primary components: a React-based
frontend for user interaction, a Flask-based Python
backend for video processing, and Firebase services for
authentication and posture data storage.

7 Agile A
| »| Methodology |&

Fig. 1. Agile Methodology

Video frames are captured via the user’s webcam and
processed in real time using OpenCV and MediaPipe [4].
Posture classification is based on the horizontal
displacement of the face relative to the frame center. If the
displacement exceeds a record in Firebase Firestore and
linked to users through Firebase.

To evaluate user needs, a preliminary market survey was
conducted targeting individuals aged 25-34, including
students and professionals.

The majority expressed the need for real-time alerts,
posture history visualization, and ergonomic suggestions.
These findings were used to define feature priorities in the
system [14], [15].

100-pixel threshold or if the face is not detected, the posture
is classified as “bad.” This rule-based logic simplifies
posture assessment while maintaining high detection
responsiveness.

IV.  SYSTEM ARCHITECTURE AND

FEATURES
The PostureEase system comprises three main
components: the front-end, the backend, and the

database layer. The frontend, developed using React.js,
provides an interactive interface for user authentication,
posture  detection, report viewing, and exercise
recommendations. The backend is implemented with
Python and Flask and is responsible for processing video
input, detecting posture using computer vision techniques
(OpenCV and MediaPipe), and managing the flow of data.
Firebase is used as the cloud platform for user
authentication and posture history storage.

The system architecture of PostureEase is illustrated in
Figure 2, showing the interaction between frontend,
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backend, and cloud services.

Fig.2. System Architecture Diagram

Key features:

The system includes real-time posture monitoring with
instant alerts when slouching or incorrect sitting is
detected. The application also supports posture history
tracking to help users identify trends and improvements
over time. Additionally, the system offers exercise and
ergonomic recommendations to support posture

V. EVALUATIONS AND RESULTS

A. Accuracy Testing
To evaluate the accuracy of PostureEase, testing was
conducted under controlled conditions with various users in
typical ~desk-based environments. Using manually
annotated video datasets and visual verification, the system
achieved an overall accuracy of 92% in distinguishing
between good and poor sitting postures.

Accuracy was calculated using the standard classification

formula:
TP + TN

TP + TN + FP + FN

(1)

Where:

o TP (True Positives): Poor posture instances
correctly identified

e TN (True Negatives): Good posture instances
correctly identified

e FP (False Positives): Good posture incorrectly
identified as poor

e FN (False Negatives): Poor posture not detected

Tests were performed using standard HD webcams under
well-lit conditions. The average latency in posture alert
generation was measured to be under 2 seconds, confirming
the system’s responsiveness and its suitability for real-time
feedback scenarios.

B. User Evaluation

A total of 20 users participated in a usability evaluation
conducted over a one-week period, using the system
during regular work sessions. Based on the follow-up
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survey results, 90% of users reported that the posture

PostureEase System Architecture

User Data

Posture Feed,
—  UserData —

.

OpenCV/
MediaPipe

alerts were timely and helpful in encouraging better sitting
habits. Additionally, 85% of participants expressed a
willingness to use the system regularly, particularly if
features such as personalized analytics and gamification
elements were introduced. Users also responded
positively to  the inclusion of  ergonomic
recommendations, highlighting their value in promoting
healthier desk practices. Furthermore, several users
suggested  future  enhancements, including the
development of a mobile-friendly version of the
application and the addition of more detailed posture trend
tracking over time.

VI.DISCUSSION

PostureEase successfully demonstrates that Al and
computer vision can be deployed in real-time, web-based
applications to support ergonomic health. The system’s
high classification accuracy, low-latency feedback, and
positive user engagement reflect its practical value. While
existing systems focus narrowly on alerts or mobile-based
feedback, PostureEase integrates multiple essential
features including posture analytics, ergonomics
education, and cloud-based data tracking into one
platform [1],[10].

However, the system has some limitations. Performance
may degrade under low lighting, and camera angles
significantly affect detection quality. User privacy,
especially regarding webcam access, remains a concern
that should be addressed through clear data handling
policies and optional offline functionality.

VIL

PostureEase presents an innovative approach to posture
correction using web-based technologies and machine
learning. Its ability to provide real-time feedback, track
posture trends, and promote ergonomic behavior makes it a
valuable tool for modern digital workers. As sedentary
lifestyles continue to rise, systems like PostureEase play a
critical role in preventive healthcare.

VIII. FUTURE WORKS

Future iterations of PostureEase will explore advanced pose
models such as MediaPipe Holistic to enhance detection
precision of shoulders and spine [10]. The integration of

CONCLUSION
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mobile applications will expand accessibility, while
gamification elements such as posture scores and rewards
could increase user engagement [15]. Additionally,
implementing visual trend analytics and adaptive feedback
algorithms may enhance user personalization and system
effectiveness.
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Abstract— This study aims to examine the

Determinants of the adoption of Artificial Intelligence for
Business Sustainability in small businesses in Jaffna. In
that context, a deductive approach is employed by the
researcher, and data from 72 small businesses in Jaffna.
The purposive sampling was used by the researchers. In
that context, the data were collected for a business that
has potential for digital innovation. As the researcher
employed a purposive sampling method, it is ensured that
participants who could meaningfully respond to Al-
related questions were selected, given the region’s varied
levels of technological awareness. The closed-ended,
structured Likert Scale questionnaire was used by the
researcher to collect the data. Awareness of Al adoption,
Digital Skills, technological infrastructure, and perceived
economic benefits are considered independent variables
of the study, while business sustainability is considered a
dependent variable of the study. The researcher used the
SPSS package to analyze the data and the Kolmogorov—
Smirnov test, reliability test, correlation analysis,
Variance Inflation Test run by the researchers. Among
the predictors, the perceived economic benefits (B =
0.395, p = 0.001) have a statistically positive relationship
with business sustainability. Followed by Awareness of
Al Adoption, which has a statistically positive
relationship with business sustainability (B = 0.312, p =
0.004). Furthermore, Digital skills (B = 0.271, p = 0.015)
and technological infrastructure (B = 0.219, p = 0.037)
also have statistically significant positive effects,
highlighting the importance of digital capacity.
Additionally, perceived economic benefits have a
statistically positive relationship with sustainable
business practices.

Keywords—AI Adoption, Digital skills, Infrastructure,
sustainability, small business.

I INTRODUCTION
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In the digital era, the role of artificial intelligence (AI) has
become increasingly important as it enhances business
innovation, efficiency, and sustainability [1]. In this global
landscape, many business organizations incorporate Al-driven
solutions to enhance productivity, customer engagement, and
strategic decision-making in their business activities [2].
Especially large firms often lead this transformation and reap
more benefits from Al adoption [3]. However, the Al adoption
in small businesses, especially in emerging markets like Sri
Lanka, remains underexplored.

In Sri Lanka's Northern Province, the Jaffna district
represents a unique case where small businesses form the
backbone of the local economy but face persistent structural
challenges, including limited access to capital, digital
infrastructure, and technical expertise. Specifically, the small
business operations in Jaffna have operated in a socio-
economic context still recovering from decades of conflict [4].
In that context, adopting digital inclusion and technological
adoption will give more benefits for their future sustainability
[5]. Small and medium businesses operate as the backbone of
the local economy, adopting Al to create a more stable
financial situation [6]. However, many small businesses
adopted traditional methods that created big challenges during
the COVID-19 pandemic and the fuel crisis [7]. Therefore,
facing challenges to adopt new technologies for their
innovation needs to be analyzed.

As we are moving to a digitalized environment, adopting
Al is important in a business context for several reasons, such
as optimizing inventory, predicting customer demand,
automating basic processes, and improving financial planning.
In that context, a study on the Jaffna market to understand how
to adapt this Al technology into the business activity is
bridging the innovation gap. In that context, it highlights the
research problem as to what extent Al adoption contributes to
the financial sustainability of small businesses in resource-
constrained environments like Jaffna. The findings of the study
are beneficial for actionable insights for policymakers,
development agencies, and entrepreneurs. Also, it aims to
create a business environment with equitable digital
transformation for the growth of small enterprises in emerging
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economies.
II  LITERATURE REVIEW

The Technology — Organization — Environmental
framework is used by the researcher. Awareness of Al
adoption and perceived economic benefits represent
the technological context, while the organizational
context is represented by digital skills and
technological infrastructure. When focusing on the
empirical evidence study based on non-state small
businesses, it reported that Al adaptation enhanced the
sustainability of the businesses. To prove these results,
the researchers collected the data from 30,572 firm—
year observations from 2010 to 2022 through a two-
way fixed-effects model [8]. The study is based on
South-East, Nigeria, and reported that Al adoption
enhances the operational efficiency of the business [9].
The study on the Chinese market indicated that Al
adoption increases organizational agility, which
increases sustainable business practices [10]. The
study on Iraqi firms found that Knowledge regarding
Al and technological infrastructure positively
influences business sustainability.

III METHODOLOGY

The researcher adopts the Quantitative research
design to examine the relationship between the
adoption of Al and the financial sustainability of small
businesses in the Jaffna district. The Researchers
collected the data from 72 small business owners by
sending a structured survey instrument. In that context,
the survey comprised a Likert scale to measure the
variables such as awareness of Al adoption, digital
skills,  technological infrastructure, perceived
economic benefits, and business sustainability.
Awareness of Al adoption, digital skills, technological
infrastructure, and perceived economic benefits are
considered as independent variables of the study, while
business sustainability is considered the dependent
variable of the study. The researchers selected
variables based on the existing literature and were
reviewed by domain experts to ensure contextual
relevance and clarity.

The researchers used purposive sampling. Because
the study focused on AI adaptation. Because data
should be collected from business that has potential for
digital innovation. As the researcher employed a
purposive sampling method, it is ensured that
participants who could meaningfully respond to Al-
related questions were selected, given the region’s
varied levels of technological awareness. However,
there are some biases when using purposive sampling.
Firstly, one key issue is that participants are based on
the researcher’s judgement, which can influence the
results. Also, it reduces the generality of the study.
Confirmation bias may also occur if participants are
selected to support the researcher's assumptions

In terms of ethical considerations, all the
participants participated voluntarily, and they had the
right to withdraw from the study at any time. Also, via

Annual Research Conference of SLIIT City UNI - 2025

consent from the purpose of the study is communicated and
ensured that the data will be used only for this study.

The Statistical Package for the Social Sciences (SPSS) was
used by researchers to perform the statistical analysis. In that
context, reliability test, normality test, descriptive analysis,
correlation analysis, Variance inflation test, and multiple
regression analysis were performed. The key variable profile
was summarized with the use of descriptive analysis. The
internal consistency of the data was tested by Cronbach's alpha,
while the relationship between variables was explored by
correlation analysis. To validate the assumptions of the
parametric test normality test was carried out by the researchers.

The predictive influence of awareness of Al adoption,
digital skills, technological infrastructure, and economic
benefits on business sustainability was determined by the
multiple regression analysis. The multicollinearity issues
associated with the model were tested by the Variance Inflation
Factor (VIF), while the Durbin-Watson statistic was used to
assess the autocorrelation.

IV RESULTS AND EVALUATION
TABLE 1: RESULTS AND EVALUATION

Cronbach’s

Construct Alpha ()
Al Adoption 0.812
Digital Skills 0.846
Technological

Infrastructure 0.803
Perceived Economic
Benefits 0.872
Business Sustainability 0.884
Overall Scale 0.915

Based on Table 1, the Cronbach’s Alpha (a) value for all
constructions is more than 0.8, evidence of strong internal

consistency
TABLE 2: KOLMOGOROV-SMIRNOV

Variable Kolmogorov—
Smirnov (Sig.)

Awareness of Al Adoption 0.089

Digital Skills 0.112

Technological Infrastructure 0.098

Perceived Economic Benefits 0.073

Business Sustainability 0.094

The Above table indicates the test results of Kolmogorov—
Smirnov. The results showcased that the P value was greater
than 0.05, which indicates that there is no significant deviation
from normality, which shows that the data is approximately
normally distributed. Therefore, parametric tests such as
regression and correlation are appropriate for further analysis.

TABLE 3: CORRELATION ANALYSIS
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Independent Variable Pearson Correlation
()

Al Adoption 0.631*

Digital Skills 0.594*

Technological 0.548%*

Infrastructure

Perceived Economic | 0.665*

Benefits

Based on Table 3 above, all independent variables
have moderately positively correlated with business
sustainability, which evidence that higher levels of Al-
related readiness are associated with better
sustainability outcomes.

TABLE 4: MODEL SUMMARY

Model Statistic | Value
R? 0.718
Adjusted R? 0.707
F-value 42.48
ANOVA  Sig. | 0.000%*
(p-value)

Based on the above table, the R? value of 0.718
indicates that 71.8% variance in business sustainability
is explained by Al adoption, digital skills,
technological infrastructure, and perceived economic
benefits. P-value of F-statistics is below 0.05, which
suggests the overall model is statistically significant.

TABLE 5: MULTIPLE REGRESSION

Coefficients Unstandardized | Sig.
Coefficients (B)

(Constant) 1.245 0.003**

Al Adoption 0.312 0.004**

Digital Skills 0.271 0.015%*

Technological 0.219 0.037*

Infrastructure

Perceived 0.395 0.001%**

Economic

Benefits

According to the above table, among the predictors,
the perceived economic benefits (B =0.395, p=0.001)
have a statistically positive relationship with business
sustainability. Followed by Awareness of Al
Adoption, which has a statistically positive
relationship with business sustainability (B =0.312, p
= 0.004). Furthermore, Digital skills (B = 0.271, p =
0.015) and technological infrastructure (B =0.219, p =
0.037) also have statistically significant positive
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effects, highlighting the importance of digital capacity, and
Perceived Economic Benefits have a statistically positive
relationship with sustainable business practices.

V  CONCLUSION

The present study focuses on the adoption of Artificial
Intelligence for the Sustainability of Small Businesses in Jaftna.
Among the predictors, the perceived economic benefits (B =
0.395, p = 0.001) have a statistically positive relationship with
business sustainability. Followed by Awareness of Al
Adoption, which has a statistically positive relationship with
business sustainability (B = 0.312, p = 0.004). Furthermore,
Digital skills (B = 0.271, p = 0.015) and technological
infrastructure (B = 0.219, p = 0.037) also have statistically
significant positive effects, highlighting the importance of
digital capacity. Additionally, perceived economic benefits
have a statistically positive relationship with sustainable
business practices. Based on this, it can be concluded that
digital skills, infrastructure, and awareness can help businesses
enhance efficiency and decision-making. The economic
benefits perceived will result in encouraging more businesses
to adopt Al for long-term growth.
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Abstract—With growing global environmental
awareness, Generation Z (Gen Z) has emerged as a key
demographic driving demand for sustainable, technology-
enabled solutions. This concept paper, developed from an
undergraduate research proposal, explores sustainability-
driven intentions to use financial technology (FinTech)
services among Gen Z in Sri Lanka. Drawing on the Theory
of Planned Behavior (TPB), the study aims to examines and
offer new insights on how attitudes, subjective norms,
perceived behavioral control (PBC), and environmental
concerns influence sustainability-driven Fintech usage
intentions among Gen Z’s in Sri Lanka. A mono-method
quantitative design is proposed, with data to be collected
from Gen Z individuals in Sri Lanka using purposive and
snowball sampling. The data will be collected via an online
questionnaire and analyzed using descriptive and inferential
statistics.

Keywords—FinTech, Sustainability, Gen Z, Sri Lanka,
Theory of Planned Behavior

I.  INTRODUCTION

In the rapidly growing world, there has been a
significant shift in consumer behavior towards purchasing
sustainable and eco-friendly products and services. . It was
discovered that “67% of participants were willing to pay up
to 41% more for sustainable products and that percentage
increases among younger age groups.” This trend is linked
to the growing environmental awareness particularly about
global warming and climate change among younger
generations [1], [2].

FinTech, a term that has been coined by combining
two words, i.e., “Financial” and “Technology” [3], has
transformed how individuals manage money, i.c.,
investments, transfers, borrowings and savings [4].
According to the Financial Stability Board, FinTech is
defined as the “technically enabled financial services
innovation that may lead to new business designs,
applications, processes or products with a relative impact
on financial markets and institutions and the delivery of
financial services” [5].

FinTech can be classified into nine various categories
such as e-banking, online lending, crowd funding, digital
currencies, mobile Point of Sale (mPOS) models, robo-
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advisors, personal financial management platforms,
transaction and payment terminal platforms and InsurTech
[6].

It is also identified that FinTech helps create a more
sustainable world by making it easier to support and invest
in environmental friendly projects. By using digital tools
and platforms, people can fund green businesses and
technologies that reduce pollution and carbon emissions
[7].

While Robo-advisors help people make smarter, eco-
conscious financial decisions, digital banking reduces
paper and energy use, which is especially popular among
the younger generation (Gen Z) [8]. Moreover, advanced
technologies like blockchain, Al, and digital payments
improve how companies report on their environmental
impact, making things more transparent and trustworthy
[9], [10, [11].

A recent study has found that when “compared to older
generations such as Gen X and Baby Boomers, Gen Z,
consumers (born between 1997 and 2012) show a
significantly higher willingness to pay (WTP) for brands
that are sustainable and inclusive, highlighting their
stronger commitment to ethical consumption and socially
aligned financial decisions [12].”

Studies have also found that Gen Z’s prefer Fintech
solutions due to convenience and ease of accessibility and
that 75% of young individuals aged between 18-35 are
engaged in investments through digital platforms. It is also
revealed that Gen Z seek financial services that
demonstrates a commitment to ethical practices and
environmental responsibility. Thus, FinTech companies are
increasingly integrating sustainable finance initiatives to
attract Gen Z individuals [13], [14], [15], [16], [17].

Given that global challenges like climate change
become more pressing and with Gen Z showing
commitments toward sustainability. This study aims to
explore the sustainability- driven FinTech usage intentions
among Gen Z in Sri Lanka, using the Theory of Planned
Behavior (TPB) as the guiding framework to understand
the relationship between attitudes, subjective norms and
perceived behavioral control (PBC) and the FinTech usage
intentions. This study extends the TPB framework by
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integrating environmental concerns, as a variable within the
TBP and proposes that FinTech usage intentions may be
influenced by environmental concerns.

Accordingly, the objectives of this study are: (1) to
examine the influence of environmental concerns on the
sustainability-driven FinTech usage intentions among Gen
Z in Sri Lanka; (2) to analyze the role of TPB constructs
such as attitudes, subjective norms, and perceived
behavioral control in shaping FinTech adoption for
sustainable practices; (3) to explore the combined effect of
TPB constructs and environmental concern on Gen Z’s
behavioral intention toward sustainable FinTech use; (4)
to provide insights into how sustainability values influence
digital finance adoption among young consumers in a
developing country context; and (5) to offer
recommendations  for  FinTech developers and
policymakers to promote sustainable FinTech usage
among Sri Lankan youth.

II. LITERATURE REVIEW
A.  Theoretical Framework: Theory of Planned

Behavior
A study revealed that Theory of Planned Behavior

Attitudes

Subjective
Norms

Behavioral
Control

Behavior
-

Fig. 1. Theory of Planned Behavior Model adapted from Ajzen 2005

(TPB) have demonstrated to be most successful in
predicting the behavior maintaining the integrity of the
specifications [18].

Therefore, TPB is a widely used in psychology and
behavioral science to predict and explain human behavior
in diverse fields including health, environment, marketing,
and technology. TPB is an extension of the Theory of
Reasoned Action that was developed by Icek Ajzen in
1985; it introduces the concepts of perceived behavioral
control which reflects the confidence of the individuals to
carry out a behavior. According to the theory, the
intentions are influenced by attitudes, subjective norms,
and perceived behavioral control [19]. Fig.1. presents the
TPB model adapted from Ajzen 2005.
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B.  Review of Literature on Fintech Usage
Intentions

Numerous studies have applied TPB, Technology
Acceptance Model (TAM) or Unified Theory of
Acceptance and Use of Technology (UTAUT ) to study the
fintech usage intentions, but only limited studies have done
with a sustainability lens, particularly in Sri Lanka or Gen
Z contexts intentions of FinTech.

A recent study investigated Fintech usage intentions
in SAARC countries utilizing the Theory of Planned
Behaviour (TPB). This study revealed that social influence,
performance expectations, customer persistence intentions,
and behavioral tendencies significantly influenced Fintech
usage intentions, while subjective norms had a minimal
impact. This contradiction does not invalidate TPB but
instead suggests that subjective norms may vary
contextually, a point this study aims to investigate further
within the Sri Lankan Gen Z demographic [20].

Moreover, studies have utilized TAM, TPB or hybrid
models to study Fintech usage intentions in Jordan and rural
India. While they validated constructs like attitudes and
TPB, none of them framed their models around sustainable
usage intentions, nor did they focus exclusively on Gen Z,
a demographic identified to be more environmental
conscious [21], [22].

In the Sri Lankan context, a study examined digital

payment adoption among the young population but used
UTAUT and Perceived Risk Theory, with no consideration
of sustainability dimension [23].
While prior studies offer valuable insights, they remain
limited by their lack of focus on sustainability-driven
usage, exclusion of environmental concern as a behavioral
predictor, and minimal attention to the digitally fluent and
value-driven Sri Lankan Gen Z demographic. Therefore,
the proposed study aims to fill these gaps by addressing
sustainability-driven FinTech use intention among Gen Z
in Sri Lanka, including an extended variable in the form of
environmental concern to the TPB model.

C.  Conceptual Framework and Hypothesis
The Theory of Planned Behavior posits that behavioral
intention is shaped by attitude, subjective norms, and
perceived behavioral control. Attitudes refers to the feeling
or thinking of a person about doing a certain action or
behavior, it could be negative or positive, while social norm
is the social pressure that might be pushing or pulling the
individual to do that behavior or action and the perceived
behavioral control is how the individual thinks or feels
about how easy it would be to do that behavior or action.
According to Ajzen’s TPB, attitude, subjective norms, and
PBC jointly determine behavioral intention. For example,
a user with a positive attitude toward FinTech, supportive
peers (subjective norms), and confidence in their ability to
use the platform (PBC) is more likely to intend to adopt
FinTech services [19].

Several studies have utilized TBP to identify the
FinTech usage intentions and have demonstrated that
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attitudes, subjective norms and PBC have positively
impacted the intentions to use FinTech services. For
instance, studies carried out in India, have revealed that
attitudes, perceived behavioral control, and subjective
norms together accounted for 48.7% of the variation in the
intention to use fintech services among the young working
population in the Indian context [24]. Moreover, studies
conducted in Indonesia and Jordan also revealed that
attitudes, subjective standards, and behavioral control had
a substantial impact on interest in utilizing fintech [25],
[26].

Furthermore,  researchers  have  increasingly
recognized the importance of including environmental
concern to better understand sustainable behaviors,
especially in the context of sustainable FinTech. For

Attitudes
H1

Subjective H2
Maorms Usage
intentions of
Perceived H3 FinTech services
Behavioral /

Control

Ervironmental
Concerns

Fig. 2. Conceptual Framework

example, environmental concerns have shown to influence
users continued engagement of green Fintech like Ant
Forest [27].

Additionally, eco-incentives enhance environmental
consciousness, encouraging sustainable actions [28].
Extended TPB models confirm that environmental concern
positively affects behavioral intentions in sustainability
contexts [29], [30], [31]. Since this study focuses on
sustainability-driven intentions among Gen Z in Sri Lanka,
adding environmental concern to TPB is relevant.

Therefore, this study may hypothesize the following:
H1: Attitude has an impact on the sustainability-driven
fintech usage intentions of Gen Z in Sri Lanka.

H2: Subjective norms have an impact on the sustainability-
driven fintech usage intentions of Gen Z in Sri Lanka.
H3: Perceived behavioral control has an impact on the
sustainability-driven fintech usage intentions of Gen Z in
Sri Lanka.

H4: Environmental concerns have an impact on the
sustainability-driven fintech usage intentions of Gen Z in
Sri Lanka.

Fig.2. illustrates the proposed conceptual framework;
it serves as a visual summary of the theoretical
assumptions and

hypotheses developed through the literature review.

Annual Research Conference of SLIIT City UNI - 2025

III. METHODOLOGY

This study is explanatory and will employ a mono-
quantitative method which aligns with conceptual focus of
the research, where a self-administered questionnaire will
be distributed online to collect data. The questionnaire will
collect demographic information and include five-point
Likert scale statements to measure key constructions
derived from the Theory of Planned Behavior (TPB) and
sustainability-driven fintech usage. Environmental concern
will be measured using items such as “I am concerned
about the impact of my financial decisions on the
environment,” while sustainability-driven fintech usage
intention will be assessed through statements like “I intend
to use fintech services to reduce paper usage and carbon
footprint.” TPB-related variables will be operationalized as
follows: attitude (e.g., “Using fintech supports sustainable
behavior”), subjective norms (e.g., “People important to me
think I should use fintech for sustainability”), perceived
behavioral control (e.g., “I am confident in using fintech
sustainably”), and behavioral intention (e.g., “I plan to
increase my use of fintech because of its environmental
benefits”). The research aims to collect responses from 200
Gen Z individuals in Sri Lanka, obtained through a non-
probability sampling method of purposive sampling and
snowball sampling. A widely recognized software, SPSS
will be used to analyze data, where statistical techniques
such as descriptive and inferential statistics will be used. In
particular, under inferential statistical techniques,
correlation analysis will be used to identify relationships
between variables, while a regression analysis will be used
to assess the impact of the identified factors on the fintech
usage intentions. These findings will be used to test the
hypotheses and will be presented using a range of charts
and tables.

IV. CONCLUSION AND RECOMMENDATIONS
In conclusion, this concept paper attempts to explore the
influence of attitudes, subjective norms, perceived
behavioral control, and environmental concerns, on
sustainability-driven FinTech usage intentions of Gen Z in
Sri Lanka. The proposed study would help extend the TPB
model to include environmental concern as a factor
affecting behavioral intentions when applied to the
sustainable usage of FinTech among Gen Z in Sri Lanka,
thereby, providing new insights to academia. The near-term
implication of the findings, is that they offer important
information to FinTech developers, policymakers, and
marketers in framing platforms and campaigns that
resonate with the Gen Z values of sustainability and their
psychological drive. Nevertheless, the research contains a
number of limitations. It targets a certain group, Gen Z
population over 18 years in Sri Lanka, which makes the
conclusions more limited in their application to other age
groups or a different cultural environment. Moreover, the
findings will be based on the responses received through
the online survey, hence it may only reflect the individual
perceptions and not actual behavior. Another limitation that
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comes with the mono-quantitative design is that it does not
allow it to become insightful to the extent that the
qualitative techniques such as interviews or focus groups
might provide. Furthermore, the non-probability sampling
technique can undermine the generalizability of the
findings, and the dynamically changing nature of the
FinTech industry can make certain findings irrelevant with
the passage of time. Possible directions to deal with these
limitations in the future are: including other generational
cohorts in the sample and making the comparisons
international. By using mixed-methods, it would be
possible to explore further behavioural drivers and
contexts. Also, using probability sampling would bring
representativeness and accuracy of results. As FinTech is
still transforming, future research will be necessary to
define new trends and user expectations in digital finance
with a sustainability lens.
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Abstract— This research paper explores how Social media
advertising is a strong force of Generation Z consumers in the
fashion retail industry. The study explores the influence of
advertising, user-generated content, and Al-based
recommendations on consumer purchase decisions. Based on
secondary research studies, it identifies the key drivers of
brand consideration and conversion. The study understands
that top fashion brands like Zara and Shein effectively
support micro influencers, interactive content, and one-to-
one marketing, while traditional brands like Gap miss the
consumer target. This study highlights the importance of
originality, personal experiences, and sustainability
messaging to engage Gen Z consumers. The results to brands
are to extend micro-influencer partnerships, adopt Al driven
content personalization, and step up interactive marketing.
This study also provides practical outcomes to policymakers
and industry stakeholders who wish to maximize digital
marketing effectiveness and consumer interaction.

Keywords—Social Media Marketing, Generation Z,
Fashion Retail, Influencer Marketing, AI-driven Marketing (5
key words)

I.  INTRODUCTION

Social media has also changed how Generation Z
engages with fashion brands and makes their purchases.
Generation Z, as a digitally born generation, that depends
mostly on social media platforms like Instagram, TikTok,
and YouTube for product information, brand engagement,
and influencing their purchasing behavior. Social media
has, also, forced fashion retailers to change their marketing
strategies if they are to compete and succeed favorably in
digital economies. This research was conducted because
there is a growing trend regarding social media's impact on
consumers, particularly among Generation Z. Early studies
on markets reveal a drastic contrast among successful
brands manipulating social media marketing and those
losing share. Retailers such as Shein and Zara are at the
frontline, milking influencers, interactive communications,
and Al-driven personalized marketing for engaging with
and for getting sales from Gen Z consumers. On the other
hand, those with traditional marketing strategies, such as
Gap, are recording low consumer engagement due to a lack
of social media outreach (Capucao et al., 2024). Such a
contrast reveals a core business issue why are there brands
that succeed and those that do not succeed with Generation
Z on social media? The purpose of this research is to
examine social media marketing campaigns' impact on
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Generation Z's purchasing behavior within fashion retail
business. Special focus is a discovery of how large
marketing strategies such as influencer marketing, user-
generated content, and Al-driven suggestions have impact,
with a view toward identifying what triggers customers'
engagement and loyalty most. For this purpose, this
research will provide practical suggestions on how fashion
retailers can best utilize social media marketing campaigns
and gain competitiveness within a marketplace.

II. LITERATURE REVIEW

A.  The Impacts of Social Media Marketing

Social media marketing has become a vital component
in shaping consumer attitudes, especially among
Generation Z. This generation, having grown up with the
internet, spends considerable time on social media
platforms like Instagram, TikTok, and YouTube, which
serve not just as entertainment tools but also as vital
platforms for brand presence. Smith (2021) highlights the
importance of these online media in developing emotional
connections between consumers and brands, hence driving
brand loyalty and buying behavior. Chen et al. (2022)
postulate that the interactive nature of social media
captured by likes, comments, shares, and real-time
engagement—allows for instantaneous communication,
thus enabling brands to develop responsive and personal
relationships. Williams and Page (2020) suggest that the
perception of community and shared identity created on
social media is a powerful factor in shaping the
consumption patterns of Generation Z. Although previous
research has explored brand interaction across social media
platforms as a whole, this research offers a comparative
study of Zara’s interactive approaches versus less engaged
brands like Gap, thus offering a more detailed perspective
on the issue.

B.  The Influencer Collaborations' Impacts

Influencer marketing, in the case of micro-influencers,
is one highly effective method for targeting Generation Z.
These influencers are seen to be more real and accessible
compared to traditional celebrities, thus building higher
levels of identification and trust (Lee & Kim, 2021).
Consumers of Generation Z value peer-created content and
real endorsements when making product judgments, and
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thus micro-influencers are highly aligned with such values.
Johnson (2022) posits that sponsored content by influencers
can dramatically enhance both attention and conversion,
especially when there is transparency and shared values by
the influencer. The study by Thompson et al. (2023)
explores how parasocial relationships defined by
unidirectional emotional investment are amplifying
influence recommendations by influencers, further blurring
personal identification and commercial intent. The present
paper builds upon such discussions by demonstrating that
Zara's influencer marketing strategy clearly resonates with
Generation Z values for authenticity and community, thus
outmaneuvering competitors who resort to traditional or
generic celebrity promotions.

C.  Role of Al-Driven Marketing Strategies

The emergence of Artificial Intelligence (Al) is radically
changing customer engagement with immediate and
personalized  marketing  experiences. Tools like
recommendation engines, prediction analysis, chatbots, and
virtual fitting technologies are redefining the way
Generation Z shops at fashion retailers. Brown and Singh
(2022) assert that Al makes it possible to extract behavioral
information to obtain actionable information to create
content that resonates with individuality. Garcia and Patel
(2021) demonstrate that Al-integrated features, such as
personal shopping assistants, enhance online shopping by
combining ease with interactivity. As compared to extant
literature that has broadly discussed Al in e-commerce, this
study explains that Zara uses advances in Al to boost
loyalty and satisfaction for customers. The contrast with
other companies that do not use such individualized tools
highlights a wide performance gap that highlights Zara's
data-driven adaptability.

D.  Gen Z’s Purchasing Behavior in the Fashion
Industry

Generation Z consumer buying habits within the
fashion sector The consumption habits of Generation Z are
underpinned by values that encompass a dedication to
environmental sustainability, social responsibility, and
unique tendencies toward digital convenience. Nguyen et
al. (2021) suggest that this generation shows a higher
willingness to support brands that promote sustainability
and uphold ethical standards. Alongside price and quality
considerations, these consumers weigh a brand's
compatibility with their cultural and environmental values.
Ali and Hassan (2022) describe that Generation Z has a
predilection for an omnichannel retail experience that
successfully incorporates the benefits of online
accessibility with brick-and-mortar shopping experiences.
This insistence upon a seamless omnichannel strategy
places considerable pressure on brands to optimize their
digital infrastructures while maintaining operational
transparency. Unlike older generations, which might value
cost or fashion, Generation Z decision-making is marked
by complexity and variance. By integrating these findings
with comparative examinations of Zara and rival
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competitors, this research informs a more sophisticated
understanding of Generation Z's fashion consumer
trajectory.

III. METHODOLOGY

This research used a qualitative secondary research
methodology to investigate social media marketing,
influencer collaborations, and Al-driven strategies and their
influence on Generation Z consumer habits in the fashion
industry with a focus placed on Zara. The methodology was
designed to ensure thoroughness of procedures used in
collecting, evaluating, and synthesizing existing data across
credible resources.

A.  Methodological Framework and Research
Strategy

An exploratory and descriptive research approach was
adopted to determine strategic trends in the scope of digital
marketing using Zara as the main case study. Zara was
chosen due to its high status as a leading fashion retail
brand, being an example of an innovative attitude towards
digital marketing, which makes it a relevant example of
successful interaction with Generation Z. Compared to
more traditional or less successful rivals such as Gap or
H&M, Zara continuously uses influencer marketing,
artificial intelligence tools, and personalized content, thus
allowing an in-depth understanding of advanced digital
strategies.
Second data collected included published peer-reviewed
journals, market analysis reports, case studies, and
industry-specific literature that was published during 2018
to 2024. The data mainly focused on consumer attitudes
and fashion advertising targeting Generation Z, who are
those born between 1997 and 2012

B.  Data Acquisition and Selection Standards
The sources were chosen according to the following
criteria:

Relevance to Zara's social media marketing, influencer
collaborations, or artificial intelligence integration.

Specific focus on Generation Z's consumer behavior.
Published in English between 2018 and 2024.

Provided qualitative or quantitative information about user
interaction, brand image, or the effectiveness of online
campaigns.

Relevant databases such as Statista, and Google Scholar
were used. Official documents, the parent company of Zara,
were also used.

C. Data Analysis

A thematic analysis was conducted to identify dominant
patterns and strategies. The identified categories of
themes included:

Social Media Marketing Tactics

Influencer Engagement and Authenticity
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Artificial Intelligence in Personalization Factors Affecting
Generation Z's Buying Decisions and Brand Loyalty

With the aim of enhancing analytical coherence and
organizational clarity, a comparative framework was
utilized to measure Zara against its competitors, such as
Gap and H&M. Key metrics, such as engagement rate,
conversion rate, visual strategy, and degree of Al
personalization, were analyzed. A structured frame enabled
findings to be combined into a model of engagement with
Generation Z (see Table 1, Results).

D.  Ethical Considerations

Since this research is based solely on publicly available
secondary data, ethical approval was not required. The
references are carefully documented according to
recognized academic standards.

E.  Limitations of Secondary Data

Whereas secondary data allowed comprehensive
comparisons of trends and relative studies, it also had
particular limitations. Secondary data are subject to
publication bias, can fail to update in a timely manner, and
might have the potential to ignore new developments in
Generation Z's tastes. Moreover, the absence of primary
data limits the ability to directly confirm behavioral
subtleties from consumers' perspectives.

TABLE 1 COMPARATIVE FRAMEWORK OF BRAND STRATEGIES

IV. RESULTS AND EVALUATION
This section presents and evaluates the findings derived
from the secondary data sources used in the research. The
study explored the impact of social media marketing

(SMM), influencer collaborations, and artificial
intelligence (AI) driven strategies on Generation Z
Brand Influencer Al Use Engagement
Strategy Style
Zara Micro influencers, High Visual,
Diversity (personalization, Interactive
chatbots)
Gap Minimal, Low Basic Posts
Traditional
H&M Mid-tier Medium Campaign
influencers, (recommendation based
Sustainability focus engines)

consumers, with a particular focus on Zara’s marketing
approaches within the fashion retail sector.

A.  Social Media Marketing and Generation Z
Engagement
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Secondary data reveals that platforms like Instagram,
TikTok, and Snapchat are central to how Gen Z discovers
and interacts with fashion brands. Zara effectively uses
visually driven, interactive content such as Reels, TikTok
challenges, and stories to match Gen Z's preferences.
Studies show that over 70% of Gen Z consumers seek
fashion inspiration on these platforms, highlighting the
importance of dynamic content in shaping buying
decisions.

B.  Influencer Marketing and Brand Trust

Influencer partnerships, particularly with micro-
influencers, significantly enhance Zara’s brand credibility.
These influencers are seen as more authentic and relatable,
contributing to stronger trust among Gen Z. Data shows
that such partnerships lead to a 4x return on investment
compared to standard digital ads, reinforcing their strategic
importance. Zara’s focus on diversity and sustainability in
influencer selection further strengthens its appeal.

C. Al Personalization and User Experience

Zara’s use of Al-driven features such as product
recommendation engines and virtual assistants boosts
personalization and convenience. These tools tailor
shopping experiences based on browsing behavior,
improving satisfaction and conversion rates. Case studies
indicate that personalization increases brand loyalty among
Gen Z, who expect technology to cater to their individual
preferences

D.  Integrated Marketing Effectiveness

Brands that combine social media presence, influencer
marketing, and Al tools achieve higher engagement.
Zara’s holistic approach has led to measurable success in
customer loyalty and sales. Compared to competitors like
Gap—who often adopt fragmented strategies—Zara’s
integration enables stronger digital brand identity.

E.  Limitations of Analysis

While secondary data provides valuable insights, it may
not capture real-time shifts in consumer sentiment. The
absence of primary data limits the ability to explore
nuanced behavior or direct consumer experiences.
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F.  Visual References
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V. CONCLUSION
This study highlights the growing impact of social media
particularly Instagram on Generation Z’s fashion
purchasing behavior. Platforms that enable visual,
interactive content have become essential tools for brand
engagement. Influencer marketing, especially through
micro-influencers, proves highly effective due to its
authenticity and reliability. Zara’s strategic use of diverse,
values-aligned influencers encourages deeper consumer
trust than more generic or celebrity-driven campaigns.
Artificial intelligence also plays a key role by delivering
personalized experiences. Gen Z consumers expect tailored
content and Al tools like recommendation engines and
virtual try on address this need efficiently. These
technologies enhance engagement, increase satisfaction,
and improve conversion rates.
Furthermore, the research affirms that Gen Z’s brand
loyalty is strongly influenced by sustainability, diversity,
and ethical considerations. Brands that fail to align their
marketing practices with these values risk disengagement.
Zara’s alignment with Gen Z's ethical expectations
contributes to its digital success.
However, as influencer marketing becomes more
widespread, content saturation poses new risks. Over-
commercialized promotions can reduce credibility and lead
to consumer tiredness. Thus, brands must strike a careful
balance between authenticity and paid content.

By integrating social media, influencer trust, Al
personalization, and ethical branding, Zara represents how
to effectively engage Generation Z. This study provides a
comparative framework that can guide fashion retailers
aiming to enhance relevance and loyalty in a digitally-
driven, value-conscious market.
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Computer Vision Controlled Humanoid Robotic
Arm
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Abstract - This paper presents the design and implementation
of a low-cost, vision-based gesture-controlled humanoid
robotic arm that mimics human hand and wrist movements
in real time. The system uses a USB webcam and MediaPipe
for hand landmark detection, OpenCYV for image processing,
and a Raspberry Pi 4 to compute landmark vectors and
control servo motors via a PCA9685 driver. Calibration
modes were introduced for each joint to ensure accurate
servo mapping. The solution supports full gesture-based
manipulation of a five-fingered robotic hand, including wrist
orientation, with minimal latency and no physical contact.
The system provides a more intuitive and natural method for
robotic arm control compared to traditional input devices
and has potential applications in prosthetics, automation, and
human-robot interaction.

Keywords - Computer Vision, Robotic Arm, OpenCYV,
MediaPipe

L INTRODUCTION

Robotic arms are programmable mechanical
manipulators designed to replicate the motions and
functionalities of a human arm. These devices are typically
structured as kinematic chains, consisting of rigid links
connected by joints that allow controlled movement. The
terminal part of the chain is referred to as the “end-
effector,” commonly designed as a gripper to interact with
objects. Robotic arms have become essential tools in
various industries, including automotive manufacturing,
electronics assembly, medical surgery, hazardous material
handling, and space exploration. One of the primary
advantages of robotic arms is their ability to operate in
environments that are dangerous, repetitive, or
inaccessible to humans. A notable example is NASA’s
robotic exploration missions using the MER rovers, where
robotic arms equipped with scientific instruments were
remotely controlled to study Martian terrain. Traditional
robotic arm systems are typically controlled using manual
input methods such as keypads, joysticks, or pre-
programmed instructions. While effective, these methods
often require extensive calibration, technical expertise, and
lack natural interaction. To overcome these limitations,
alternative control paradigms such as voice commands,
wearable sensor gloves, and vision-based gesture
recognition have emerged. Among these, vision-based
control systems stand out for their non-intrusive operation,
enabling intuitive human-robot interaction without the
need for physical contact or specialized wearables.
Leveraging advancements in real-time image processing
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and machine learning, gesture recognition via standard
cameras has become a viable solution for robotic control.

This paper presents a computer vision—driven
humanoid robotic arm system that uses a USB camera,
OpenCV, and MediaPipe to detect and interpret hand
gestures in real time. The system maps human finger
positions and wrist orientation to corresponding servo
motor angles using a calibration-based approach. The
entire control process is executed on a Raspberry Pi 4,
ensuring portability and low cost, making the solution
suitable for applications in prosthetics, education, and
assistive robotics.

II. PROBLEM STATEMENT AND SCOPE

Despite the increasing use of robotic arms in industrial
and assistive domains, existing control methods often
depend on specialized hardware such as gloves, EMG
sensors, or voice recognition modules. These systems
suffer from limitations including hardware complexity,
calibration overhead, user discomfort, and susceptibility to
environmental noise. The problem this paper addresses is
the lack of a low-cost, contactless, and easily deployable
control method for humanoid robotic arms that can
replicate complex human gestures in real time.

This project
focuses on a vision-based approach that leverages
MediaPipe and OpenCV to track hand gestures without
requiring wearable devices. The scope is limited to finger
and wrist movement replication using six degrees of
actuation, without incorporating full-arm dynamics or
grasp force feedback. This design makes the system
suitable for educational, prototyping, and assistive use
cases, but not yet optimized for industrial-grade
manipulation tasks or high-speed dynamic control.

111 RELATED WORK

Robotic arm control has evolved from hardware-
intensive, wearable systems to more flexible, vision-driven
architectures. Early approaches used infrared emitters and
glove-mounted sensors for gesture recognition, achieving
fast response but requiring custom hardware and limited
gesture vocabulary [1]. To  improve accessibility,
vision-only methods emerged. For example, RGB color
segmentation was used to track hand motion via webcam
input, enabling real-time control without wearables,
though performance degraded under poor lighting or
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varied skin tones [2]. Others employed compact vision
modules like OpenMV to detect objects and apply inverse
kinematics, but these systems faced processing limitations
[3]. Sensor-based alternatives, such as gloves with flex
sensors and accelerometers, offered high fidelity but
reduced comfort and required calibration [4]. Voice-
controlled arms also surfaced, using wireless
microcontrollers and speech recognition, though often
limited by noise and accent variability [5].

Biologically inspired methods like
EMG-based control added intuitive prosthetic capability
but required precise sensor placement and regular tuning
[6]. More recently, computer vision systems using
OpenCV and MediaPipe on embedded platforms have
enabled robust, camera-based gesture recognition with
minimal hardware. These systems have been used for real-
time control and I0T-enabled remote actuation, though
they remain sensitive to occlusion and network reliability.
Other strategies include physical mimicry through linked
miniature arms, and kinematic simulations of multi-DOF
humanoid limbs. Image-based grasping techniques using
PiCamera further show the role of embedded vision in
object manipulation tasks.

Overall, these studies reflect a growing shift toward
multimodal, software-centric solutions that aim to balance
precision, cost, and usability in robotic arm control system

V. SYSTEM ARCHITECTURE

Hardware Design

The proposed system consists of six MG995 servo
motors (five for fingers, one for wrist), controlled by a
PCA9685 servo driver via 12C. A 5V/3A external power
supply provides consistent power for motors. A USB
webcam captures video input, while the Raspberry Pi 4
Model B (8GB RAM) acts as the control core.

PCA9685 Servo

UsB Webcam motor driver

) 1
4 Y
Raspberry Pi MG395 Servo

Figure 20: Hardware Design

Figure 1 shows the overall hardware flow of the project.
The frames captured by the Webcam is sent to the
raspberry pi for processing, that sends the relevant angles
into the PCA9685 motor driver which in turn rotates the
servo motors to required angles.
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Software Design

Python-based software is used, leveraging OpenCV for
video capture and pre-processing, and MediaPipe for hand
landmark detection. The cvzone wrapper facilitates
simpler landmark access. The Adafruit ServoKit library

controls servo outputs, and calibration profiles are stored
in JSON files.

Functional Overview

e Hand Tracking: MediaPipe detects 21 hand
landmarks with high accuracy and robustness to
hand orientation.
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Figure 22: Hand Landmarks

e  Vector Analysis: Joint angles are calculated
using vector geometry and dot product
techniques.
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e Servo Mapping: Each finger angle is scaled to
servo values using calibration bounds. Custom
mappings allow adjustments for mechanical
variance.

e Calibration Mode: Allows per-servo tuning for
extended, bent, and scaling parameters, which
are stored in JSON.

o Failsafe and Shutdown: atexit routines and
interrupt handling ensure the servos are returned
to neutral when tracking is lost or the program
exits.

e Live Feedback: Visual indicators for hand
detection and servo angle overlays are displayed
in the video window.

V. GESTURE MAPPING AND CONTROL
Angle Calculation

For each finger, angles are calculated between
landmark pairs: the fingertip and the proximal
interphalangeal (PIP) joint. The angle is determined using
the arctangent function from the vector formed by the
landmark coordinates. The computed raw angle is then
scaled using a user-defined calibration multiplier to
account for hand variation. The system limits finger
movement to a maximum of 90° for safety and realism.

Calibration Modes

Three interactive calibration modes are supported
within the Python script:

e Bent Mode (b): Assigns the angle value for a
fully curled finger position.

e Extended Mode (e): Sets the angle
corresponding to a fully open finger.

e Scale Mode (s): Adjusts sensitivity by linearly
scaling the mapped angle from detected
vector motion.

Servo selection (1-6), mode switching (c to toggle), and
real-time angle adjustments using arrow keys (left/right)
are implemented in the OpenCV window interface.
Calibrations are saved in a JSON file and persist across
sessions.

Servo Actuation

Each calculated finger or wrist angle is clamped
between 0° and 270°, the safe range of MG995 servos. The
ServoKit interface from Adafruit is used to send PWM
commands over 12C to the PCA9685 driver. On startup or
loss of hand detection, the system resets all servo positions
to the neutral 'extended' state using a pre-defined method.
Servo smoothing and safety reset are ensured using
exception handling and the atexit module.

System Operation Workflow

The system begins by initializing the USB webcam,
loading calibration parameters from a locally stored JSON
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file, and setting up the MediaPipe hand tracking module
with OpenCV. Upon capturing each frame, the image is
processed to detect the presence of one or more hands. Ifa
hand is identified, MediaPipe extracts 21 landmark points
from the detected hand.

These landmarks are analyzed to calculate vector angles
for each finger by comparing the fingertip and proximal
joint coordinates. The raw angles are scaled and mapped
to servo-compatible angles using pre-calibrated values.
Each servo’s final target angle is clamped to safe
operational limits (0°-270°) and sent via 12C to the
PCA9685 driver through the Adafruit ServoKit library.

In the absence of hand detection or if the frame is
invalid, the servos are reset to a neutral, extended position
to prevent erratic movement. Additionally, when the user
exits the program or interrupts execution, the atexit handler
ensures all servo motors return to safe default positions.
The system is designed to run continuously and robustly
under varying lighting and motion conditions.

VL RESULTS AND ANALYSIS

A.  Tracking and Responsiveness

The hand tracking pipeline was evaluated on the
Raspberry Pi 4 with 8GB RAM. The average detection and
servo update loop maintained 10-15 FPS, resulting in a
real-time response latency of approximately 1s between
gesture execution and servo motion. This responsiveness
was consistent under stable indoor lighting and single-
hand usage.

B.  Hand Classification and Role Assignment

The system utilizes MediaPipe’s built-in hand
classification to differentiate between the user’s right and
left hand. During each frame capture, if two hands are
detected, the library provides the type of attribute ("Right"
or "Left") for each hand instance. This is essential for
ensuring consistent control logic and servo mapping. In the
current implementation:

e  Only the right hand is used to control the robotic
arm, as determined by ["type"] == "Right".

e If both hands are in the frame, the system
prioritizes the right hand and ignores the left,
avoiding conflicting gesture inputs.

e Ifno "Right" hand is detected, the system falls
back to a neutral servo position for safety.

Table 17: Right- & Left-Hand Conditions

Condition Outcome
Right hand only in Full control enabled
frame
Left hand only in Ignored by control logic
frame
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Both hands in frame | Right hand selected for
processing

Right hand leaves System resets servos to neutral

frame position

The hand identification was consistently reliable across
test sequences, including fast switching between hands.
Misclassification did not occur in controlled lighting.
However, occasional flipping (e.g., left hand labeled as
right) was observed when hands were rotated sideways or
partially occluded. This effect was minimized by
instructing users to present hands palm-forward to the
camera.

C. Calibration Mode Performance
To ensure accurate gesture replication across different
servo alignments and user hand styles, the system
implements a fully interactive calibration mode. This
feature enables real-time adjustment of each servo’s range
of motion and sensitivity, directly impacting servo
precision and usability.

1) Calibration Effectiveness

Before calibration the tensioned strings couldn’t bend
the finger properly due to being too tight or too slack. After
using the calibration mode in the bent and extended angles
it was possible to keep the servo motor angle in the desired
position and properly tension the strings to make the
movement as effective as possible.

Furthermore, the scale calibration was also useful in
making the error low, so that the motor would spin rapidly
or slowly corresponding to the finger angle shown in the
frame. It helped in making sure the fingers didn’t get stuck
halfway into bending or extending.

2) User Interaction and Usability
Calibration was conducted through a keyboard-driven
interface, with visual feedback overlayed on the OpenCV
video stream. Users were able to:
e Select servo channels (1 to 6)
e  Choose calibration modes (b for bent, e for
extended, s for scale)
e Adjust parameters incrementally using arrow
keys
The calibration process was intuitive and fast,
requiring under 2 minutes on average to fully configure all
SIX Servos.

3) Persistence and Reliability
All calibration parameters were saved automatically in
a persistent JSON file. System testing confirmed that:
e  C(Calibration values were retained across reboots.
e  The atexit safeguard successfully wrote updated
values even during abrupt terminations.
e  Manual re-tuning was unnecessary unless servo
positions or mechanical alignment changed.
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4) Servo Response Accuracy

The servo system exhibited reliable and consistent
behavior in replicating human hand gestures. After
calibration, the finger and wrist movements closely
matched user input, with noticeably smoother transitions
and more natural motion curves. Repetitive gestures
produced nearly identical servo responses across cycles,
indicating stable actuation and mapping accuracy.

The system responded quickly to changes in hand
posture, maintaining real-time synchronization between
detected gestures and mechanical motion. Even during
extended operation, the servos held their positions steadily
without drift or jitter.

VIIL CONCLUSION

The vision-controlled humanoid robotic arm in this
project is implemented using Python 3, running on a
Raspberry Pi 4 platform. The real-time video input is
processed using OpenCV, while MediaPipe handles the
landmark detection for finger and wrist gestures. The
communication between the hand tracking system and
servo controller is managed through the I12C interface
connected to a PCA9685 module. Raspberry Pi is
responsible for gesture recognition, landmark angle
processing, and mapping to servo motion to avoid the
limitations of microcontroller processing speed.

The PWM driver controls the movement of MG995
servo motors, and the motion response is stable and
consistent across multiple gesture cycles. The servo
signals can smoothly and accurately drive finger
articulation and wrist rotation, confirmed through visual
testing. During runtime, the system continuously tracks the
user’s hand, calculates joint angles, and sends appropriate
commands to each servo channel to mimic hand posture.

In actual performance, the robotic arm was able to
follow basic gestures such as hand opening, closing, and
directional pointing. With the integration of calibration
and gesture mapping modules, the system exhibits
flexibility and adaptability for different users and
mechanical configurations. The final build is low-cost,
portable, and easy to set up, making it suitable for
education, research, and assistive applications. In future
iterations, the addition of force sensors or smart feedback
modules can further enhance motion fidelity and bring the
robotic arm closer to natural human interaction goals.
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Abstract - Modern cities' main traffic congestion problem
delays emergency vehicles like ambulances and firetrucks
and police cars where every second counts. Fixed signal
traditional traffic systems lack real-time adaptability, hence
delays and risks are raised. This paper suggests an Al-driven
smart traffic management system to priorities emergency
vehicles and enhance general traffic flow by means of
Raspberry Pi, YOLOvVS, and OpenCV. Strategically
positioned cameras provide video to a Raspberry Pi, which
detects emergency vehicles by using OpenCV and YOLOVS.
Dynamic control of traffic lights on detection helps to clear
the path, so reducing response times and improving safety.
The technology also maximizes road use and helps to ease
traffic. For cities with limited infrastructure, using
reasonably priced, open-source tools are scalable and ideal.

Keywords - Emergency Vehicle Detection, Smart Traffic
Management, YOLOvS, Raspberry Pi, Real-Time Signal
Control.

I.  INTRODUCTION

This research proposes an Al-powered smart traffic
management system that significantly addresses the major
issue of traffic delays for emergency vehicles. Rapid
urbanization and increasing vehicles on the roadways are
driving traffic congestion, a serious problem in modern
cities. One important effect is the obstruction of
emergency vehicles such as ambulances, firetrucks, and
police cars whose response times are affected by static
traffic controls. A few minutes of delay could cause major
property damage or life-threatening circumstances [1].
Relying on fixed-timer signals that cannot adapt to real-
time conditions is ineffective during emergencies. This
underscores the urgent need for adaptive, real-time traffic
management solutions that can dynamically prioritize
emergency vehicles and ensure their uninterrupted passage
through congested intersections. By integrating Al-driven
object detection and automated signal control, the
proposed system provides a proactive approach to saving
lives and improving urban mobility efficiency.

A conventional traffic control system often forces
emergency vehicles to wait at red lights or navigate
through congested traffic without assured right-of-way.
Especially during unexpected events like accidents or
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weather disturbances, the inflexibility of these systems
does not fit the dynamic character of urban traffic. Recent
developments in Al and image processing provide a
confident answer to these barriers. Driven by Al
computers identify emergency vehicles depending on
particular visual characteristics by examining live video
feeds from strategically located cameras. The system can
identify and give priority to emergency vehicles in real-
time with great accuracy using object identification
techniques such as YOLOv8 [2]. This allows dynamic
traffic signal changes that open routes for emergency
responders, hence enhancing safety as well as efficiency.
Including such Al-based solutions into current
infrastructure provides the way for better, adaptable urban
transportation networks that improve emergency response,
lower congestion, and help to create intelligent, data-
driven smart cities.

Real-time Al-based identification and dynamic traffic
signal regulation help the suggested solution to overcome
these challenges. The system can autonomously spot
emergency vehicles in traffic using high-definition
cameras and object detection algorithms, hence avoiding
human awareness [3]. Once detected, it automatically
alters traffic signals to clear the path by stopping cross-
traffic and turning lights green in the vehicle's direction.
This guarantees a quicker and more reliable emergency
response while reducing disturbance to normal traffic
flow. The technology is intended to be accessible and
scalable, so appropriate for large urban implementation. It
provides a sensible approach to improve emergency
services and preserve life.

II. HARDWARE DESIGN

The design integrates several critical components to
effectively control traffic flow and prioritize emergency
vehicles. The three key elements that define the system’s
architecture are the camera system, the traffic management
and data processing unit powered by Raspberry Pi, and the
pedestrian safety and sound detection module using ESP32
v2. The traffic management system operates through the
camera system. Cameras are strategically positioned at key
intersections to capture high-definition video feeds,
providing clear visibility wunder various lighting
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conditions. YOLOv8, an object detection algorithm,
identifies emergency vehicles such as ambulances, fire
trucks, and police cars as the cameras continuously stream
video data to the Raspberry Pi for analysis. The cameras
guarantee no emergency vehicle is missed by being
positioned to track all lanes of the junction and offer
thorough coverage of the area. The system's fundamental
processing engine is the Raspberry Pi. It detects
emergency vehicles by means of YOLOVS after receiving
the video data from the cameras.

The Raspberry Pi sets traffic signal system changes to
give the emergency vehicle's passage top priority when it
detects one. By sending signals to the traffic light
controllers, it overcomes typical signal cycles to provide a
clear road for the emergency vehicle, therefore controlling
the timing and coordination of the traffic lights.

To minimize the impact on surrounding traffic, the
Raspberry Pi ensures real-time decision-making by
dynamically adjusting signal durations based on the type
and approach speed of the emergency vehicle. Pedestrian
safety along the emergency vehicle’s route is managed by
the ESP32 v2, which controls physical barriers such as
servo motors to prevent pedestrians from crossing the road
when an emergency vehicle is detected. Theunication
system, the Raspberry Pi and ESP32 v2 interact to
guarantee the coordinating of traffic control and pedestrian
safety precautions.

USB Web Camera | Raspbeny-Pi Traffic lights
|
J E:> Crossing gate

Audio Sensor

INPUT OUTPUT

PROCESS

Figure 23: High Level Architecture

As shown in Fig. 1, starting with the input block, the
system comprises an audio sensor and a USB web camera.
While the audio sensor picks up sirens to verify their
presence by sound, the camera records real-time video of
traffic intersections to visually spot emergency vehicles.
The processing unit of the system revolves on the
Raspberry Pi. It manages all the computing tasks needed
to real-time process the camera video feeds. Running
advanced algorithms like YOLOv8 for object detection
which is essential for recognizing emergency vehicles in
the video stream the Raspberry Pi's computing capability
enables it Using its GPIO pins, the Raspberry Pi interacts
with other hardware parts including traffic signal
controllers, modifying the traffic lights in response to an
emergency vehicle identified. This traffic management
system is ideal due to its adaptability, compact size, and
cost-effectiveness. The Raspberry Pi enables easy
integration of wvarious sensors and devices, offering
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scalability for future enhancements and system expansions
[4].

Direct connectivity between the Raspberry Pi and the
camera system feeds real-time video data analysed for
emergency vehicle detection. Usually high definition, the
cameras can record detailed images even in different
environmental situations including low light or bad
weather. They are set to track important intersection sites
and offer whole traffic flow coverage. These cameras
transmit videos to the Raspberry Pi, which uses YOLOVS
to identify items in the image, classify them, and identify
whether they are emergency vehicles.

The ESP32 v2 handles responsibilities relevant to
pedestrian safety, therefore complementing the Raspberry
Pi. It runs servo motors in charge of controlling pedestrian
signals at the junction and barriers. The ESP32 v2
automatically lowers barriers to block pedestrian crossings
and turns off the pedestrian walk signal to stop collisions
when an emergency vehicle is detected. Additionally, it
triggers sound alarms to alert nearby pedestrians of the
approaching emergency vehicle. Through this coordinated
interaction between the Raspberry Pi and ESP32 v2, the
system ensures synchronized and safe operation, giving
top priority to emergency vehicles while maintaining
pedestrian safety. The process starts with turning on the
sound sensor, which constantly searches for any arriving
sound signals. The technology detects a relevant sound,
say a siren, and activates the camera to begin taking live
photos. Then, on a Raspberry Pi, the pictures are examined
using YOLOVS object detection to visually validate the
presence of an ambulance. Should the ambulance be
located, the traffic light is instantly changed from red to
green to provide it top priority passage. Concurrent with
this restriction of pedestrian access is gate or signal control
through the ESP32 microcontroller. The mechanism lets
the emergency vehicle pass for a set period of N minutes.
The traffic signal goes back to red, the camera is switched
off, and the system goes back to its starting state when the
waiting time ends.

As shown in Fig. 2, the final product of this project is a
fully functional smart traffic management system. Upon
detecting an emergency vehicle, it dynamically adjusts
traffic signals within two seconds to grant right-of-way,
resulting in a 30-40% reduction in emergency response
time compared to traditional systems. This significantly
enhances the efficiency of emergency services and
contributes to safer, smarter urban mobility. The software
design of the Al-based smart traffic management system is
defined by efficient real-time processing, accurate object
detection, and adaptive traffic signal control.
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Figure 24: Final Product

III. SOFTWARE DESIGN

The software architecture of the Al-based smart traffic
management system is characterized by efficient real-time
data processing, advanced object detection, and adaptive
traffic signal control. Designed with a modular approach,
the system ensures scalability, maintainability, and
seamless integration of heterogencous software
components. Central to the framework is the YOLOVS
algorithm, optimized for real-time object detection, which
addresses the critical challenge of accurately identifying
emergency vehicles in complex traffic environments. The
model is fine-tuned using custom datasets to improve
detection precision.

During operation, YOLOVS processes video input by
partitioning each frame into a spatial grid, predicting
bounding boxes and corresponding class probabilities to
localize and classify objects. This enables precise
detection and classification of emergency vehicles within
the scene, which subsequently triggers real-time adaptive
traffic control responses. Rigorous testing and validation
under diverse environmental conditions ensure the
system’s robustness and reliability in real-world
deployment [5]. To manage frame capture, preprocessing,
and object annotation, the system utilizes OpenCV, a
widely adopted library for image processing and computer
vision applications. OpenCV ensures seamless integration
of YOLO detection results with live video feeds, enabling
real-time display of annotated frames with bounding boxes
around detected vehicles. An intelligent traffic signal
control system supports the dynamic adjustment of signal
timings based on these detections.

When an emergency vehicle is detected, the program
sends control signals to a traffic light controller managed
by an ESP32 microcontroller, thereby prioritizing the
vehicle’s passage. This involves stopping cross traffic and
granting a green signal along the emergency vehicle’s
route. Designed for real-time performance on edge devices
such as the Raspberry Pi, the system is implemented in
Python and leverages hardware interaction tools like
OpenCV and YOLO. Effective frame management
combined with parallel task execution ensures low latency
in detecting and responding to emergency vehicles [6].
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Emergency Vehicle Detection Using YOLOvS

The approach begins with real-time video analysis to
detect emergency vehicles with high reliability. Designed
specifically for emergency vehicle prioritization, the
system incorporates strategically positioned high-
definition cameras at critical intersections, along with
advanced lighting units to support consistent video capture
under varying environmental conditions. A Raspberry Pi 4
serves as the primary processing unit, managing visual
input and executing the core detection algorithm. The
system leverages YOLOv8, a cutting-edge object
detection model known for its speed and precision, to
accurately identify ambulances, fire trucks, police
vehicles, and other emergency responders. The model has
been fine-tuned to perform effectively under challenging
conditions, including intense daylight, low-light

environments, and partial occlusion, ensuring robust
SR g e L b

Figure 25: Emergency Vehicle Detection Results

detection across real-world urban settings.

Method of Detection:
e  The real-time video stream consists of individual
frames.

e Every frame comprises a grid.

e YOLOVS searches every grid segment for
objects according to predefined classification
criteria.

e Should an emergency vehicle be identified, the
system allocates bounding boxes to mark its
position.

e The Raspberry Pi receives the detection findings
including coordinates and classification for
additional handling.

Prioritizing emergency vehicle detection, the Raspberry
Pi ensures real-time processing capabilities. Upon
identifying an emergency vehicle, the system initiates
advanced traffic control measures. OpenCV enhances
image quality and facilitates real-time video processing
through filtering, edge detection, and color transformation
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techniques essential for effective traffic monitoring under
challenging conditions. Beyond preparation, it provides
capabilities for improved traffic control including object
monitoring, counting, and sensor data integration. This
work detects emergency vehicles in live video streams
using OpenCV and a YOLOvVS model, labelling each
frame with bounding boxes. Practical and scalable, the
Python software guarantees camera readiness, permits
clean exits, and runs effectively on edge devices like the
Raspberry Pi, thus it addresses urban traffic management.

Fine-tuned using a domain-specific dataset specified in
data.yaml, = which contains emergency  vehicle
classifications, the system employs a pre-trained
lightweight model (yolov8n.pt) from the Ultralytics
YOLOVS library. To enhance model performance under
real-world conditions such as poor lighting or congestion,
training is conducted over 50 epochs with an input image
size of 640 pixels. YOLOVS’s efficiency and adaptability
enable the model to run seamlessly on edge devices like
the Raspberry Pi, facilitating affordable deployment in
resource-constrained environments.

As shown in Fig. 3, beyond preprocessing the system
provides capabilities for enhanced traffic control,
including object monitoring, vehicle counting, and sensor
data integration. It detects emergency vehicles in live
video streams using OpenCV combined with the YOLOvS
model, labeling each frame with bounding boxes.

Dynamic Traffic Signal Adjustment Based on Detection
Results

The system is engineered to dynamically manage traffic
signals in response to the detection of an approaching
emergency vehicle, thereby ensuring its safe and
uninterrupted traversal through intersections. This
functionality is governed by a Python-based decision-
making algorithm running on a Raspberry Pi, which
continuously processes real-time data such as the direction
and position of the emergency vehicle, the status of
intersection traffic signals, and prevailing traffic density
and flow patterns.

Signal control is achieved through the algorithm's
communication with the Raspberry Pi’s General-Purpose
Input/Output (GPIO) pins, which interface directly with
the traffic light controllers. Upon detecting an emergency
vehicle approaching a junction, the system overrides the
default traffic light sequencing. It initiates an extended
green phase for the lane corresponding to the emergency
vehicle's path, while simultaneously issuing red signals to
all conflicting lanes, effectively eliminating cross-traffic
interference.

The timing and duration of signal transitions are
dynamically adjusted based on key real-time parameters,
including the emergency vehicle’s velocity and estimated
time of arrival at the intersection. Throughout this
operation, continuous monitoring of the intersection is
maintained to ensure the emergency vehicle’s safe
passage. Once the vehicle exits the intersection zone, the
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system seamlessly reverts to the default traffic signal cycle
to minimize disruption and sustain optimal flow for
general road users.

Moreover, the system’s adaptive architecture supports
real-time responsiveness to varying traffic conditions.
Signal timing strategies are modified based on congestion
levels. For instance, during peak traffic hours on highly
congested roads, the system can temporarily reduce red
signal durations to facilitate expedited emergency vehicle
clearance restoring traffic balance more efficiently.

Pedestrian Safety Measures Using ESP32 Controlled
Barriers

The intelligent traffic control system depends critically
on pedestrian safety. The system must ensure pedestrians
are kept safe when an emergency vehicle is recognized and
the traffic light is changed from red to green, so it may pass
without pausing. This is achieved with an ESP32
microcontroller running pedestrian safety systems
including barriers. Servomotors reduce physical barriers to
stop pedestrians from crossing the road if an emergency
vehicle is identified when a pedestrian crossing is
operating. Once the emergency vehicle passes, these
barriers pull back so people may keep crossing securely.

IV. RESULTS

The Al-based smart traffic management system
demonstrates substantial improvements in emergency
vehicle prioritization, pedestrian safety, and overall traffic
flow optimization. By leveraging state-of-the-art deep
learning models integrated with real-time adaptive traffic
signal control, the system enables intelligent decision-
making based on dynamic road conditions. This
integration  enhances  situational  responsiveness,
minimizes delays, and improves operational efficiency
across intersections. Extensive validation in real-world
scenarios confirms the system’s reliability, scalability, and
effectiveness under diverse and complex traffic
environments.

Figure 26: Confusion Matrix
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As shown in Fig. 4, rigorously evaluated in real-world
scenarios, the Al-based smart traffic management system
has demonstrated its effectiveness in enhancing pedestrian
safety, optimizing general traffic flow, and prioritizing
emergency vehicles thereby reducing the risk of accidents
and ensuring safe, uninterrupted passage. Simulations and
live-field tests revealed an average reduction in emergency
vehicle response delays by 30-40%, along with improved
traffic fluidity and reduced congestion. The YOLOvVS
object detection model was evaluated under various
environmental conditions using key performance metrics,
including precision, recall, and F1 score.

High precision values 0.75 for fire trucks and 0.87
overall for emergency vehicles guarantee accurate
classification with few false positives according to a
Confusion Matrix Normalized analysis, as shown in Fig.
5. While the Accuracy-

Recall Curve showed a nearly perfect mAP@0.5 of
0.995, highlighting the model's efficacy, the FI-
Confidence Curve indicated a solid balance between
accuracy and recall, with an F1 score of 0.96 at a
confidence level of 0.129. The confusion matrix results
highlight the capacity of the model in reducing false
positives and false negatives, therefore supporting the
accuracy of the system.

Fl-Confdencs Cure

Figure 28: Confidence Curve
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Figure 29: Precision-Recall Curve

Low rates of misclassification support the dependability
of emergency vehicle detection. Furthermore, the Recall-
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Confidence Curve of the system shows its remarkable
sensitivity; it reaches 1.00 recall at a confidence level of
0.000, therefore guaranteeing that no emergency vehicle
passes underpass, as shown in Fig. 6. Furthermore, at a
confidence level of 0.231, accuracy stayed at 1.00 for all
classes, also signal changes are set off only in confirmed
detections.

Detection accuracy is the low false positive rate (0.07)
reduced needless signal overlays, a major improvement
over conventional motion-based or sound-based detection
systems that sometimes cause false alarms because of
ambient noise or reflections. Traffic  Signal
Responsiveness in system reaction time and efficiency
informed real-time traffic signal adjustments. This Al-
based technology dynamically changed signals within 2
seconds, this shortened emergency vehicle travel time by
up to 40% is very important. Pedestrian and Traffic Safety
in system's 98% barrier deployment rate along with audio-
visual alarms and immediately signal cut-offs produced a
70% drop in near-miss events. The 90% compliance rate
among pedestrians indicates even more how well the
warning systems stop dangerous crossing.

B o
metrics/mAPS0(B)

Figure 27: Performance Evaluation Graph

Field tests revealed that, once an emergency vehicle was
detected, signal changes occurred within two seconds,
reducing emergency response times by 30-40% compared
to conventional traffic systems. Additionally, 85% of
partially obscured emergency vehicles were accurately
identified, ensuring timely interventions even in complex
urban environments. Object localization achieved accurate
barrier activations in 98% of cases, enhancing pedestrian
safety. Pedestrian signal cut-off was triggered within one
second of detection, as illustrated in Fig. 7. Multi-sensory
alerts, including LED flashers and loudspeakers, improved
pedestrian compliance to 90%, contributing to a 70%
reduction in near-miss incidents. The performance
evaluation graph confirms that the model achieved high
accuracy without overfitting, demonstrating strong
generalization across varying traffic conditions.

V. CONCLUSIONS
The system has significant restrictions even with these
developments. It primarily relies on visual detection
through cameras, which can underperform in adverse
weather conditions such as heavy rain, dense fog, or snow,
where visibility is severely reduced. To address both
emergency and routine traffic scenarios, advanced
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machine learning models can be employed to predict
traffic flow and dynamically optimize signal timings,
thereby reducing overall congestion.

This underscores the need for future enhancements,
such as upgrading to more powerful Al processors and
integrating LiDAR or radar sensors. The system has
already demonstrated promising outcomes, including a
70% reduction in pedestrian near-miss incidents and up to
a 40% decrease in emergency response times. These
results emphasize the transformative potential of artificial
intelligence in traffic management, particularly in densely
populated urban areas where rapid decision-making is
critical.

To further enhance scalability and intelligence,
incorporating Vehicle-to-Infrastructure (V2D
communication and integration with broader Intelligent
Transportation Systems (ITS) is recommended. While
challenges remain, this research establishes a strong
foundation for next-generation smart city applications by
combining advanced computer vision with real-time
responsiveness to improve road safety and efficiency.
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Smart Sorting and Grading Fruits based on
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Abstract - This paper presents the design and
implementation of an automated apple sorting system that
integrates machine vision techniques with embedded
control for real-time classification and sorting of apples.
The system employs a Raspberry Pi 4 as the primary
processing unit, using a YOLOv1ll model for fruit
detection and classification, while an Arduino Nano
manages weight measurement via a load cell. Real-time
images of apples on a conveyor belt are captured,
processed, and classified into four categories: Good Red,
Good Green, Bad Red, and Bad Green. Sorting
mechanisms, including servos and actuate based on
classification results, with an integrated LCD and cloud-
based Google Sheets providing monitoring and logging.
The system demonstrates high classification accuracy and
reliable sorting performance, offering a cost-effective
solution for small to mid-scale agricultural applications.

Keywords - Fruit Grading, Machine Vision, Deep Learning,

Convolutional Neural Networks

L INTRODUCTION

Automated sorting systems have become essential
components of modern warehousing and distribution
operations due to their ability to manage products with
speed and precision in high-volume environments [1].
Unlike manual sorting methods—which are labor-
intensive, time-consuming, and error-prone—automated
systems convert random product flows into structured
shipping orders based on pre-set criteria, significantly
enhancing operational efficiency [2]. Early systems
relied heavily on human workers, leading to increased
costs and frequent sorting errors such as misplacements
and inefficiencies [3]. The introduction of barcode
scanning technology marked a substantial improvement,
enabling automatic product recognition and sorting with
throughput capacities of up to 10,000 items per hour [4].
However, this approach was limited by its dependency
on barcode labels, which are not feasible for items like
fruits and vegetables that often lack standardized
packaging.

To overcome this limitation, modern systems have
evolved to include additional features such as weight,
size, and color analysis for handling unlabeled or
irregular items [5]. This is particularly beneficial in
agricultural applications, where visual quality plays a
critical role in product valuation and consumer
acceptance. Early machine vision systems used basic
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shape and color analysis, but these methods were
sensitive to environmental conditions such as lighting
variations and product inconsistencies. Improvements in
image  processing—such as edge  detection,
segmentation, and clustering—helped address these
issues, allowing for more reliable performance in real-
world environments [6].

With the rise of artificial intelligence, especially deep
learning models like YOLO (You Only Look Once),
sorting systems have achieved even higher levels of
speed and accuracy [7]. These models are capable of
real-time object detection and classification, performing
well even in complex, cluttered, or variable conditions.
YOLO-based systems have demonstrated remarkable
success in agricultural scenarios, including fruit
identification, ripeness estimation, and defect detection
surpassing the capabilities of traditional image
processing techniques [8]. Despite their promise,
integrating these Al models into fully functional
hardware systems remains a challenge. Effective
deployment requires careful coordination between the
software (e.g., object detection algorithms) and
hardware (e.g., conveyor belts, solenoids, robotic arms)
[9].
This study presents a smart apple sorting system that
addresses these integration challenges by combining
deep learning-based apple recognition (using
YOLOv11) with mechanical actuation components such
as servos and solenoids, managed by an Arduino Nano
and Raspberry Pi 4. The system demonstrates reliable
real-time classification of apples based on visual
features, offering a cost-effective and scalable solution
for small to medium-sized agricultural operations.

1L DESIGN METHODOLOGY

The proposed system integrates machine vision,
embedded hardware, and mechanical actuation to
classify and sort apples in real time based on their color
and quality. The design objectives focus on achieving
accurate classification, efficient sorting, and reliable
weight monitoring using cost-effective components
suitable for small-scale agricultural settings.

A. System Design and Hardware Integration

The apple sorting system comprises a conveyor-based
mechanical structure that transports apples sequentially
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under a camera for inspection and then towards a sorting

zone. The main components include:

1) A Raspberry Pi4 (8GB RAM) for image processing
and classification.

2) A Logitech 1080p USB webcam positioned above
the conveyor to capture images of apples.

3) Two MG996R servo motors for physical sorting
based on classification results

4) Two E18-D80ONK infrared (IR) proximity sensors
for apple detection and position tracking.

5) An Arduino Nano connected to an HX711 amplifier
and load cell for real-time weight measurement.

6) A 16x2 12C LCD display to show apple
classification and weight data.

7) A dedicated 5V 5A DC adapter for powering servo
motors and sensors, ensuring stable operation
without affecting Raspberry Pi performance.

The conveyor system is designed with a plywood
base, PVC belt, and side partitions to prevent apple
displacement. Apples are placed manually onto the
conveyor, and the system operates continuously with
real-time detection, sorting, and logging.

Smart Apple Sorting System
Block Diagram

Power Supply Architecture

Raspberry Pi 4 Arduino Nano

External PSU

l l (Servos, IR, LCDs)
Actuation & Sorting Weight Mouitarig /\

l Raspberry Pid Arduino Nano

Conveyor Belt

|

Collection Boxes

Fig.1.Block diagram of smart sorting and power supply

B. Implement image recognition algorithm
1) Prepare input data
A dataset of approximately 1,000 high-resolution images
was created to train the YOLOv11 model. Apples were

categorized into four classes based on color and quality: Good
Red, Bad Red, Good Green, and Bad Green. Images were
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captured under varied lighting conditions and angles to
enhance model robustness. Annotation was performed using
the Roboflow framework, generating bounding boxes for each
apple instance.

The annotated dataset was split into training (70%),
validation (20%), and testing (10%) subsets. Preprocessing
techniques, including brightness adjustment, contrast
enhancement, and blurring, were applied to simulate real-
world imaging variations and improve generalization. The
results of collecting input images are described in Fig. 2

Fig.2.Labelling image
2) Model training and Evaluation

With large input data, training a neural network model for
the purpose of recognizing any object on a low-configuration
device is very difficult. The training process is time consuming
and training cannot be sustained over a long period of time.
Therefore, the Google Colab support tool is used in this case.
The steps to train the model on Google Colab are as follows:

Step 1: Import the PyTorch library that supports training.

Step 2: Reconstruct the YOLO11 network structure

Step 3: Import the dataset after labeling and preprocessing

The images via Roboflow.

Step 4: Prepare the image data file and labeled labels

Step 5: Convert labeled layers to named layers (red, red-

bad, green, green -bad).

Step 6: Conduct model training

After training for 60 Epochs, the P (Precision) and R
(Recall) indexes both reached a relatively high level of ~0.9
and the mAP (Average Precision) index ~0.97 (Fig. 3)

Epoch  GPUmem box loss «cls loss dfl loss Instances size
53/68 3,066 8.7384 548 le3s 1 548: 108% 7/7 [08:01<86:08, 3.95it/s]

Class  Image Box(P R APS8 nAPSA-05): 109% 1/1 [08:96<80:08, 4.071t/s]
all 0.916 e.011 0905
Epoch  GPU_mem box_loss 4f1_loss Instances size
sa/60 3176 0.7536 1,059 7 640: 100% 7/7 [00:02<00:00, 2.68it/5]
Class  Image: Box(P R nAPSO mAPSO-05): 100% 1/1 [8:08<00:00, 3.58it/s]
all 12 8.919 .00 6.995 0.745
Epoch  GPUmem  box_loss cls_loss  dfl_loss Instances size
s5/68 3186 e.735  e.8918 1005 15 640: 108% 7/7 [08:61<00:08, 3.67it/5]
Class  Images Instances Box(P % nAPs® mAPse-05): 109X 1/1 [08:ee<ee:es, 5.121t/s]
all 12 n 6.022 0.038 6.995 e.77
Epoch  GPU_men box_loss cls_loss dfl_loss Tnstances size
56/60 3.26 87425  8.8819 1.047 15 640: 108% 7/7 [06:01<00:00, 3.97it/5]
Class  Images Instances Box(P R nAPSE nAPSG-95): 100% 1/1 [B:06<80:06, 6.19it/s]
all 22 0.929 0.938 0.995 0.782

Epoch  GPumem box_loss cls_loss dfl loss Instances size
57/60 3,206 e.7242 1.072 1 640: 100% 7/7 [00:01<00:00, 4.14it/5]

all 12 2 0.931 0.939 0.995 0.766

Epoch  GPU_mem box_loss cls_loss  dfl loss Instances size
s8/68 3236 07168 8.85273 1.e48 s 640: 108% 7/7 [06:61<00:08, 4.17it
Class nstances Box(P ® naPse mapse-95): 100K 1/1 [60:00<00:

all 12 2 0.934 0.943 6.595

Epoch  GPUmem box_loss cls_loss dfl_loss Instances size
59/60 3.246  0.6388  0.8532 53 5 540: 108% 7/7 [00:02<00:00, 2.71it/s]
Class  Images Instances Box(P R’

12 22 .93 a.95 0.995

Epoch  GPUmem box loss  <ls loss  dfl loss Instances size
sa/68 3266 0.7114  e.89s8 1.es8 s 640: 100X 7/7 [00:01<00:00, 4.09it/s]

0.020 ©.065 8.095

0.8707
Class  Images Instances Box(p ® WAPSG FAPSG.05): 100% 1/1 [08:06400:08, .68Lt/5]
/<]

00, 4.13it/s]
WAPSE mAPSG-95): 160% 1/1 [66:00<00:06, 5.68it/s]

Class  Images Instances Box(P R mAPSE mAPS@-05): 100% 1/1 [09:0400:09, 4.61it/s]
all 12 2 a.77




Fig.3.train model epoch in google colab

Fig. 4 shows the loss value after training and validation
gradually decreasing over epochs. The above indexes are
almost equal to 0 at epoch 60. The P and R indexes both reach
a relatively high level of ~ 1.0i and the mAP index ~ 1.0.
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C. Integrate image processing techniques in the
classification system

The main flowchart begins when an apple moves on
the conveyor and is captured by a USB webcam
connected to the Raspberry Pi. The YOLOv11 model
running on the Pi classifies the apple, and the
classification result is immediately shown on an LCD
display. Simultaneously, this data is logged to a Google
Sheets document for remote monitoring and historical
record-keeping. The decision node then evaluates
whether the apple is classified as “Good” or not. If it is
bad, no sorting action is taken, and the apple simply falls
into the bad apple box. If the apple is good, another
decision determines its color red or green. Based on this
classification, the system triggers the corresponding IR
sensor to activate a servo motor, which physically
deflects the apple into the appropriate sorting box.

The Arduino Nano subsystem independently
monitors the weight of apples using a load cell and
HX711 amplifier. It calculates the total weight and
displays it on an LCD screen. This runs continuously
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without affecting Raspberry Pi’s sorting operations. The
separation of these tasks improves system reliability and
scalability.

Start: Apple on Conveyor

/ USE Wabes

YOLOV11 Model Ciassifies
Apple

¥

/ Display Result on LCD - Raspberry
Pi

/ Log Data to Google Sheets

Is Apple Red?
No

-
No Action Taken

| Fall into Bad Apple Box |

IR Sensor 1 Triggered

, = Z

Activate Green Servo Motor -
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Deflect to Good Red Box l
Deflect to Good Green Box

Fig.5. Flow Chart of system
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Fig.6.Weight analyzing system

111, RESULTS AND EVALUATION

The apple sorting system prototype was assembled
using  cost-effective  components for real-time
classification and sorting. The mechanical frame
features a PVC-based conveyor belt measuring 80 mm
in width, suitable for medium-sized apples (50—75 mm
diameter). Guard rails on both sides prevent apple
displacement, and the conveyor is driven at a steady 0.1
m/s for optimal camera capture and sorting precision.
The belt speed can be adjusted as needed for higher
throughput.
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The core processing unit is a Raspberry Pi 4 (8GB
RAM), which performs real-time image acquisition and
classification using a YOLOv11-based detection model.
A Web Camera mounted directly above the conveyor
captures top-view images of incoming apples. Upon
detection, each apple is classified into one of four

100. Accuracy per Apple Type
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Fig.8. Training Accuracy and Loss Graph

categories: Good Red, Red-Bad, Good Green, or Green-
Bad. The classification results, along with the counts on
a 16x2 [12C LCD screen connected to the Raspberry Pi.
Raspberry Pi also handles sorting logic and sends
control signals to actuate servo motors based on
classification outcomes.

In addition to visual sorting, the system incorporates
real-time logging via cloud-based infrastructure.
Classification results are transmitted directly to a Google
Sheets spreadsheet wusing Python’s gspread and
oauth2client libraries on the Raspberry Pi. This feature
enables remote tracking and batch analysis of sorting
accuracy and throughput, as illustrated in Fig. 9 (Google
Sheets Logging Output).
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Fig.7. Google Sheets Logging Output
To facilitate precise apple detection, two E18-D80ONK
infrared proximity sensors are employed. The first
sensor detects the presence of an apple entering the
camera zone, triggering image capture. Once classified,
the apple travels along the conveyor to a second IR
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sensor near the sorting zone. The Raspberry Pi then
activates the appropriate MG996R servo motor: one
servo redirects good red apples, another handles good
green apples, while bad apples proceed to the end of the
belt without actuation.

Weight monitoring is performed using a YZC-133
load cell paired with an HX711 amplifier and connected
to an Arduino Nano. The Arduino reads and displays the
cumulative weight of each batch on a secondary LCD.
After every four apples are collected in a bin, the
Arduino displays the final weight, which is also logged
manually or via serial if needed.

The implemented apple sorting  system
demonstrated effective real-time classification and
sorting performance as anticipated in the design phase.
The accuracy graph, generated from extensive test runs,
clearly illustrates the robustness of the YOLOv11 model
integrated with the NCNN inference engine. Throughout
the trials, the model consistently maintained an average
classification accuracy above 92%, with slight variations
observed depending on lighting conditions and apple
orientation on the conveyor. This high accuracy level
confirms the system’s capability to distinguish between
the four defined categories Good Red, Good Green, Bad
Red, and Bad Green with minimal misclassifications,
thereby validating the model training process and dataset
quality.

Each class—Red, Red-Bad, Green, and Green-Bad—
was tested with a minimum of 50 real-world samples.

The classification accuracy ranged from 91% to 96%,
i > 33 8632dP4d-WiN_20250416_15_0:
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Fig.9.Result image

with confidence scores generally above 85%. The
system exhibited a classification latency of ~0.09
seconds per apple, and servo response time was
measured at under 0.1 seconds, enabling efficient real-
time sorting. Weight readings from the load cell
maintained a margin of error within +5 grams,
confirming the Arduino subsystem’s measurement
reliability.
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Iv. CONCLUSIONS

In general, the prototype model of the smart apple
sorting system based on the YOLOvll image
recognition algorithm has been successfully developed
and demonstrated to work effectively in practice. The
system is composed of mechanical components, sensors,
and control units that are
seamlessly integrated to achieve automated apple
detection and sorting. Utilizing a sufficiently large and
well-annotated dataset, the YOLOv11 model enables
accurate classification of apples based on quality and
type. Infrared proximity sensors assist in object
detection and counting, while sorting decisions are
executed using servo motors controlled via an Arduino.
Real-time results are displayed on an 16x2 LCD. The
successful implementation of the detection and sorting
algorithms in this study lays the groundwork for
deploying the system at a practical, industrial scale.
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Design & Implementation of Smart Waste
Collection System with Optimized Route
Planning
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Abstract— With the growth of the global population, the
challenge of waste management has become more complex.
Effective waste management is no longer just a necessity but
a critical concern for public health, urban sanitation, and
ecological sustainability. Identifying the filled public waste
bins in cities and collecting them effectively is one of the
essential initial tasks of waste management, to address it
more effectively and cost-efficiently the "Smart waste
collection system with optimized route planning" is designed.
The prototype system utilizes microcontrollers, a Photo-
Voltaic power supply unit, ultrasonic sensors, and a wireless
module to detect and communicate bin status in a multi-hop
wireless network cluster. Each bin is equipped with an
Ultrasonic sensor to measure the garbage level and the data
is transmitted through neighboring bins to a central control
unit using the ISM-based wireless communication multi-hop
network, enabling remote monitoring. When bins are
detected as filled, their locations are processed to determine
the shortest and most efficient route for the collection of
garbage using the Google Maps Directions API. The system
was tested successfully using a prototype with three waste
bins equipped with sensing units, and setting the location on
the maps through a cloud-based web visualization built using
basic HTML, Python, and Javascript, the system performed
accurate fill-level detection and real-time route planning for
garbage collection. This solution offers a cost-effective and
scalable approach to smart urban waste management by
reducing manual monitoring and optimizing collection routes
with traffic awareness.

Keywords — Waste Collection, Optimized Route Planning,
ISM, Multi-hop communication, Arduino Uno

I.  INTRODUCTION

In recent years, the rapid growth of urban populations
has created significant challenges in waste management,
particularly in effectively collecting garbage from public
bins. Conventional waste collection systems typically
operate on pre-established routes and timetables, causing
trash trucks to make unnecessary trips to empty public bins
and delaying the collection of full bins due to inefficient
collection routes. Also, this method of waste collection fails
to escape from the city traffic resulting in unwanted delays.
This lack of efficiency, not only increases operational
expense but also has environmental and sanitary risks.
Considering the complex and larger road traffic conditions

N M Rajaguru
Department of Electronic and Electrical Engineering
SLIIT City Uni, Colombo

identifying the best waste collection route is extremely
useful, as stepwise identification of filled bin locations
needs to be addressed and an optimal real-time path through
the busy road traffic must be identified with the shortest
route, that can remove the unwanted time delays of waste
collection for the trash trucks.

Through the review of recent work, it was noted that
several smart solutions for waste collection were addressed
as follows, each with varying effectiveness and cost. S.
Rathi et al. developed a system using stereoscopic cameras
and Raspberry Pi with OpenCV for estimating bin levels,
which uses image processing for garbage identification [1].
Similarly, G. Prajakta et al. combined camera and load cell
data for monitoring fill levels and sending alerts via email
[2]. Yan Li et al. created a sensor-heavy real-time
monitoring system that relies on GSM and RF modules,
which require a network service provider for
communication [3]. A similar system to Yan Li °s,
developed by S. S. Chaudhari et al., introduced a cloud-
based IoT system for real-time monitoring [4]. Jose M.
Gutierrez et al. also used IoT, GIS, and graph theory to
dynamically optimize trash collection [5], while H. N. Saha
et al. proposed a compact smart bin for household purposes
with cloud connectivity [6]. K. Nirdel et al. used sonar and
weight sensors for status updates via LCD and web, with a
wireless module [7]. M. S. Chaudhari et al. developed a
smart bin system designed for smart cities using cloud-
based IoT sensors and actuators. Collectively, these
systems reveal significant use of smart technology to
resolve certain parts of waste collection. Most systems use
costly parts that come with maintenance requirements, both
for the system itself and for the communication network
and are unable to address efficient route planning for waste
collection.

To handle these waste collection problems a better
communication network should be established, without any
unwanted costs involved with GSM or for internet
payments. One of the simplest and most cost-effective ways
of communication is using radio frequency bands. For the
purpose use of specific frequency ranges that are reserved
for Industrial, Scientific, and Medical (ISM) applications
channels can be utilized for cost-free communication
without restrictions. For the bin level detection, a basic
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Microcontroller unit (MCU) unit mounted with an
ultrasonic sensor can be used.

II. DESIGN METHODOLOGY

The proposed system is designed in phases. Each phase
is divided in such a way that the development process
achieves optimal time usage during the development of the
system. No iterative approach was involved, so it removes
the excessive time requirement and helps speed up the
process. The initial phase started with problem
identification, where the initial problem was identified and
its impact along with the benefits of an ideal solution were
analyzed to tune the throughput of the system to make it an
ideal solution.

Problem
Identification

5{ Literature Review

Design

Implementation

[ Documentation ]<J::{ Test & Revise

Figure 30: Design Methodology

Design methodology in Figure 1 shows the development
stages of this product, initiating with the problem
identification phase during which both the scope of the
challenge and its real-world practicality were evaluated.
During the second phase, literature solutions were analyzed
to identify current flaws in them and develop an optimal
solution. The designing phase begins with the primary
high-level architecture of the system, which is extended
into the circuit, network, software, and physical design.
Then, the novel concept was developed during the
implementation phase based on the outlay of each sketched
design. Once the design was complete, the prototype was
tested in units and as an integrated whole system, with
revisions applied to the design for its betterment. Finally,
the research project was concluded with the final
documentation of all identified results, performance, and
rate of success against the preset evaluation criteria set
during the problem identification phase.

III. DESIGN

The design of the system consists of a base station and
the bin nodes which are interconnected through an RF
network cluster. Each bin node is fixed to a public garbage
bin which measures the bin fill level using an HC-SR04
Ultrasonic sensor unit connected to an Arduino Uno
microcontroller board with ATmega328p main
microcontroller ~ unit. For the RF  network,
NRF24L01+PA+LNA transceiver with Rubber Ducky
antenna module is used to utilize the 2.4GHz ISM band to
send and receive data. The setup enables bins to talk
through one another in a multi-hop network, where each bin
can transmit its fill level to the central control unit through
the network cluster. An optimized waste collection route is
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identified based on the filled bins, eliminating the need for
wasteful inefficient routes, reducing time, and increasing
efficiency using the Google Maps Directions API.

The individual units are powered by a simple Photo-
Voltaic panel-based rechargeable battery setup which was
designed separately. The use of simple and practically
usable components focuses on a cost-effective, scalable,
and energy-efficiency solution. With this system waste
collection in a very densely populated area like a city with
many public waste bins and even rural areas can be made
more efficient.

A.  Base Station Design

The base station is the primary computing unit which
displays the bin fill status of each bin and the optimal path
to collect the garbage from the filled bins. During the
prototype design, a Windows-based PC is used as the base

node which connects to the RF module via an Arduino Uno.
Using a Python program, the serial port data is captured and
sent to the web application to update the bin data logs into
a Google sheet. The application integrated the Google
Maps Directions API, which provided real-time and
accurate routing based Dijkstra algorithm, A* algorithm,
Contraction Hierarchies, Real-time trafficc Machine
Learning, and User feedback-based efficient path routing
on actual road conditions, including one-way streets, traffic
congestion, and road closure. Finally, the optimum route is
displayed web-based application for the filled bins’s waste
collection for the trash trucks using Google Maps.

B.  Bin Node Design

Each smart bin is equipped with a main MCU unit,
ultrasonic sensing unit, RF communication module, and a
PhotoVoltaic power supply unit.

Solar Panel
aview
Power

Battery Pack
Li-lon 18650

=

(2

Signals Signals

MCU
ATmega328P

RF Transceiver

Ultrasonic Sensor
-SR! NRF24L01+PA +LNA

Figure 2: High-level Architecture — Bin Node

The high-level architecture of the bin nodes in Figure 2
represents how each module is interconnected in a bin
node. The primary system is powered with a battery pack
automatically charged by solar energy. The MCU receives
the bin level from the ultrasonic sensor and initiates the
transmission of data through the SPI interface in between
the RF module to send the data to the base station through
the intermediate bin nodes. Then the data is transmitted via
serial communication to a base station.
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C.  Network Design

The Multi-hop network cluster is designed using the
NRF24L01+PA+LNA, RF modules. A single module can
communicate up to 1100 m, since it uses a cluster to
communicate the maximum distance between bin nodes
must be less than 1100m, but the system can transmit data
through other nodes which increases the data transmission
distance of the overall system.

As shown in Figure 3, the bin nodes are connected to a
maximum of 5 other bin nodes in the network, up to 5
levels. Theoretically, it can accommodate up to 3125 bin
nodes (5°). Since the transmission of data is done through
the 2.4GHz ISM band there is no legal restriction for the
system for transmission of data through the RF network.

Level-0

Level-1

Level-2

Level-3

Level-4

Figure 3: Network Design — NRF24L01+PA+LNA Modules

IV. RESULTS
The system is tested with three basic physical bin nodes
and six predefined bin nodes in the web application. When
the bin levels are sent through the RF network it logs the
date to the Google sheet.

E BinStatus

e ®F o

Times Control ©
2254517 142908 Find

Figure 4: Bin Status - Google Sheet

Bin node status in Figure 4 shows the data from the
network updated into the Google sheet. Then the system
can be prompt by using the web application to identify an
optimal path for the waste collection for the trash trucks.
The system considers only the filled bin locations and then
the route will be generated using Google Maps Directions

Annual Research Conference of SLIIT City UNI - 2025

API, which uses sophisticated routing algorithms with real-

Figure 5: Final Route — Google Map
time traffic awareness.

As shown in Figure 5 the test result gets generated
from the system for the waste collection routes considering
the real-time data. During the test, it was identified that
communication through the RF network nodes is ideal to
place in a line of site to each neighboring bin node for better
communication. Also, during the startup of the nodes, it is
better to initiate the communication of the nodes, in an
environment free of 2.4 GHz interferences like Wi-Fi
networks for faster connectivity establishment.

V. CONCLUSION
This work presents a prototype smart waste
management system capable of monitoring bin fill levels,
transmitting data via RF modules, and generating
optimized routes mapping Ultrasonic sensors ensured fill
level detection of the bins, while the web interface
provided clear visualization of bin status and paths using
the Google Maps. The main functions of the system were

validated in a controlled environment.

To upgrade the system into a more robust solution the
MCU unit can be upgraded into an industrial-grade
counterpart. Also, bin node-to-node distance can be
increased by upgrading it to a long-range RF transceiver in
the ISM band (ex: LoRa-WAN network).
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Abstract— The rapid and increased technology
integration becomes an important position, especially in the
language learning context. Kahoot, as a gamification tool, is
implemented in English Language learning classrooms. The
application of this gamified element is examined in various
educational contexts and becomes widespread in higher
education due to its significance. Nevertheless, only few
studies regarding students’ perceptions towards the use of
Kahoot among teaching English as a Second Language
undergraduates were reported. Therefore, this present study
investigates third-year TESL undergraduates’ perceptions
towards utilising Kahoot in enhancing their English
Language skills within their semesters. This research project
examines how a focus group of five third-year
undergraduates, currently studying at the department of
English Language Teaching, University of Kelaniya, has
perceived Kahoot as a gamified tool to enhance their learning.
Semi-structured interviewing was used as the data collection
instrument, where five interviews were conducted in total,
with each interview lasting approximately thirty minutes. The
collected data were analyzed using the thematic analysis
method. The findings of the study provide evidence for the
presence of a number of unique perceptions among the
interviewed participants. They emphasized that the
implementation of Kahoot becomes more effective for their
learning, while they overcome a few challenges with the use of
Kahoot as a gamified tool. Furthermore, suggestions are
discussed for the effective implementation of Kahoot. This
study has already reiterated the need to explore this research
area further because the studies are very limited. There
should be further studies for ESL (English as a Second
Language) development. In conclusion, the research has the
potential to promote social change by emphasizing the
importance of using Kahoot as a gamified element in
pedagogy in Sri Lankan universities.

Keywords— English Language learning, Effectiveness,
Gamified element, Kahoot, Student perceptions

I  INTRODUCTION

Education is viewed as a central element in preparing
the knowledge, skills, and attitudes essential for the
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personal and professional development of individuals and
societies. “Knowledge is becoming the core of country’s
competitive advantage, and the production and the
dissemination of knowledge are parts of the process of
development based on an effective Higher Education
Policy” [4]. In the higher education context, universities
determine the advanced learning backgrounds necessary
for cultivating critical thinking, innovative skills, and
specialized abilities for learners. Within this framework,
assessments play a pivotal role because they foster to
measure and build up student learning outcomes with
proper guidance of both effective pedagogy and academic
progress. With the rapid increase in technology integration,
university lecturers tend to use gamified elements to make
the lesson more interesting and even effective in
understanding the content properly. Among these gamified
elements, Kahoot becomes very significant as many
lecturers use it to enhance students’ language learning
skills.

IIRESEARCH QUESTIONS

e How do third-year TESL undergraduates
perceive the effectiveness of Kahoot to enhance
their language learning?

e  What challenges do they experience in the use of
Kahoot as a gamified element?

III LITERATURE REVIEW

Many studies emphasize that integrating technology
into the pedagogy becomes effective for a successful
teaching and learning process. Charbonneau depicts that
integration of technology into lectures could enhance their
engagement and decrease off-task behavior [2]. Language
learning can be enhanced through technology-assisted
language learning. Toth defines that lecturers use Kahoot
as a gamified tool to capture the learners’ attention to their
lessons [5]. Wang indicate that Kahoot as a gamified tool
because it has been reported to be effective for enhancing
language learning [8]. Kahoot is recognized as the latest
digital game-based e-learning and supports teachers to
construct assessments [7]. According to Cardenas-
Moncada, this gamified tool provides not only informative
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content but also fun and interactive activities to learners
[1]. Ching depicts that Kahoot provides a way to review
and make vocabulary more memorable [3]. Plump and
LaRosa expose that most of the participants in his study
agreed to have used Kahoot as a gamified tool to
understand the concepts appropriately [6]. Although many
studies were conducted to investigate the application of
Kahoot in the international context, its effectiveness and
the challenges were not examined properly in the Sri
Lankan context, especially in the tertiary education.

IVMETHODOLOGY

This study was conducted using final-year Teaching
English as a Second Language students in the Department
of English Language Teaching of the University of
Kelaniya. The sample comprised five undergraduates
representing the target group, with 4 female
undergraduates and one male undergraduate. In concurrence
with ethical practices required of academic research, this
study also scrutinized very strict adherence to recommended
ethical considerations in conducting research. Accordingly,
informed consent forms and participant information sheets
were created to receive the genuine consent of the participants
for this study. Semi-structured interviews were employed
with the interview protocol comprising six open-ended
questions to address the research questions. Interview data
were analyzed using thematic analysis for the qualitative
approach in this study, after coding the raw data.

V RESULTS AND EVALUATION

This research was conducted in synchrony with a
specific timeframe, spanning over three months to collect
and analyze data. The following table also demonstrates
the themes and sub-themes. The analysis exposed the
themes, namely, enhanced engagement, language skill
development, challenges and limitations, and suggestions
for the implementation of Kahoot. The themes reflected
their positive perceptions, challenges and even the
suggestions to implement effectively by addressing the
research questions of the study. The learners emphasized
that the application of Kahoot makes learning interactive
as well as enjoyable. It suggested their motivation and
active participation in the lesson in contrast to the learning
which happens in a traditional classroom setting.
Furthermore, students reported that with the use of Kahoot
games, they can have an increased acquisition of
vocabulary and grammar. Kahoots use was instrumental in
motivating them towards language acquisition due to the
nature of immediate feedback received on their progress.
Even though they have positive perceptions towards the
use of Kahoot as a gamified tool, they have to overcome
challenges because of factors. Due to the time constraints
and technical issues, they must face some difficulties. To
address these challenges, the participants provided
implementations to make it more effective. It is significant
to integrate Kahoot games into lessons because it is
recognized as a productive way to capture students’
attention. It is very supportive to provide adequate time to
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engage in the activities. They highlighted that accessibility
should be ensured. These implementations provided a
proper background to make the learning and teaching
context successful.

TABLE 1. Themes and Sub-themes resulting
from the Thematic Analysis

Main Sub Themes
Themes
1. Enhanced Motivation
engagement /Active participation
2. Language Vocabulary and
Skill Development grammar development

Immediate feedback

3. Challenges and Time pressure

limitations Technical issues

4. Suggestions Integrating Kahoot into
for the lesson plans
implementation of Providing adequate time
Kahoot Ensuring accessibility

VICONCLUSION

This study examines the perceptions from the mindset of
student-teachers as the teaching English as a second
language  undergraduates. They  determine the
effectiveness of the implementation of Kahoot games
being a significant position in their learning process.
Therefore, the data analysis of this study indicated
students’  positive perceptions towards formative
assessments by addressing the first research question,
while the second research question of this study explored
the limitations that they have experienced in the use of
Kahoot during their academics

REFERENCES

[1] C.Cardenas-Moncada, M. Veliz-Campos, and L.Veli, “Game-based
student response systems: The impact of Kahoot in a Chilean
vocational higher education EFL classroom, “Computer-Assisted
Language Learning Electroic Journal, Vol.21, no.1, pp.64-78,2020.

[2] A.K.Charbonneau, The effects of using Kahoot as a formative
assessment in the middle school science classroom,M.S. thesis,
Montana State University, Montana,2018.[Online].Available:
https://scholarworks.montana.edu/xmlui/handle/1/14719

[3] H.-H. Chiang, "Kahoot in an EFL reading class," Journal of
Language Teaching and Research, vol. 11, no. 1, pp. 33-44,2020.
[Online]. Available: http://dx.doi.org/10.17507/jltr.1101.05

[4] N. S. Jayasundara, "Higher education policy in Sri Lanka:
Implementation in state universities," Scientific Research Journal,
Vol.2, no.2, pp. 41-44,2014

[5] S. A. Licorish, H. E. Owen, B. Daniel, et al., "Students’ perception
of Kahoot!’s influence on teaching and learning," Research and
Practice in Technology Enhanced Learning (RPTEL), vol. 13, p. 9,
2018.

158


https://scholarworks.montana.edu/xmlui/handle/1/14719
http://dx.doi.org/10.17507/jltr.1101.05

[6] C. M. Plump and J. LaRosa, "Using Kahoot! in the classroom to
create engagement and active learning: a game-based technology
solution for e-learning novices," Management Teaching Review,
vol. 2, no. 2, pp. 151-158, 2017.

[7] A. Téth, P. Logé, and E. Logo, "The effect of the Kahoot quiz on
the student's results in the exam," Periodica Polytechnica Social and
Management Sciences, vol. 27, no. 2, pp. 173179, 2019. [Online].
Available: https://doi.org/10.3311/PPso.12464

[8] A. Wang, "The wear out effect of a game-based student response
system," Computers & Education, vol. 82, pp. 217-227,2015

Annual Research Conference of SLIIT City UNI - 2025 159


https://doi.org/10.3311/PPso.12464
https://codeocean.com/capsule/4989235/tree

An Investigation of Morphological Processes in
St1 Lankan English; A Study Based on Selected
YouTube Comment Sections

Shanika Ranthunga
Department of English Language Teaching
University of Kelaniya
Kelaniya, Sri Lanka
r.shanika2002@gmail.com

Abstract— British rule left a lasting impact on Sri Lanka
with the introduction of English language. In addition,
English was considered as the official language of the country
under the British government. After gaining independence in
1948, Sri Lanka evolved into a multi-ethnic country which
subsequently affected its vernacular languages, which are
Sinhala and Tamil. English language in Sri Lankan context
emerged as Sri Lankan English (SLE), a new variety
representing diverse cultural and social factors of the country.
SLE has undergone numerous word formation processes and
developed into one of the most major varieties of the English
language. In the present day, the frequent use of social media
platforms like YouTube comment section has become a
dynamic site for the morphological processes in SLE. The
content creators utilize new SLE words to facilitate audience
engagement. This research aims to investigate the productive
and frequently used morphological processes of SLE in
selected YouTube comment sections. The study was designed
as a qualitative content analysis. A sample of thirty words was
selected employing judgmental approach where researcher’s
knowledge on SLE morphology was utilized to select
YouTube channels. According to the findings, compounding
accommodates the largest number of entries in SLE
vocabulary found in the You Tube comment section of the
selected channels. Borrowing stands as the second-largest
entry. Clippings and affixation respectively accommodate
fewer entries. Thus, compounding and borrowing can be
identified as the most productive and frequently used
morphological processes in You Tube comment section in Sri
Lanka. Moreover, most of the compounding and borrowings
are influenced by the Sinhala language, revealing its
significant influence on morphological processes in Sri
Lankan English. In conclusion, it is evident that further
research on the SLE morphological processes is essential to
codify the modern trends in SLE vocabulary due to the
influence of digital platforms like YouTube.

Keywords—Morphological processes, Sri Lankan English,
YouTube
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I INTRODUCTION

Sri Lankan English is a unique variety of English that
consists local languages, cultures and social factors.
According to [1], “the English language was introduced to
Sri Lanka in 1796 as a ‘gift’ from colonists as an official
language for administrative work and trade”. Later, this
new variety of English was labelled as Sri Lankan English
[2] and this variety is heavily influenced by the vernacular
languages in Sri Lanka (Sinhala and Tamil).

Sri Lankan English has undergone multiple word
formation processes such as compounding, borrowing,
clipping, and affixation. Due to the rising social media
impact in the contemporary world, these morphological
processes have reached frequent usability. Even though
there is a considerable amount of research studies in the
field of morphology, a scarcity can be seen in the studies
of Sri Lankan English morphological processes,
significantly in the digital context like YouTube. The aim
of this research is to systematically identify, classify and
analyze the most productive word formation processes
(compounding, borrowing, clipping, and affixation) of
SLE used in YouTube comments sections, while providing
the contextualized linguistic examples. The research was
conducted through two research questions to examine how
YouTube content creators utilize SLE word formation
processes to engage with audience, and which are the most
productive morphological processes in the context.

II  LITERATURE REVIEW

This study focuses on the productive SLE
morphological processes utilized in the You Tube comment
section by the audience. This research identifies and
categorizes the word formation processes applied in Sri
Lankan YouTube comment section. In addition, four
morphological processes compounding, borrowing,
clipping, and affixation are selected based on the results of
the research and previous studies on morphological
processes in social media platforms.
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As in [3], “compounds are formed by combining two
bases, which may be words in their own right, to form a
new lexical item”. Moreover, compounds can be divided
into types based on their meaning and behaviour of the head
noun. Furthermore, [4] has observed a list of compounds in
his A Dictionary of Sri Lankan English which are common
to colloquial SLE. “Jump- seat” and “Agency- office” are
examples from the dictionary, which are defined as
endocentric and highly compositional. [4] has documented
another type of compounds that are directly translated into
English from Sinhala language such as “small- village” and
“Colombo- seven”. According to [2], compounding is one
of the most productive word formation processes in SLE
and it may consist of combination of Sinhala, Tamil and
English words.

As [3] defines borrowing as an impactful word
formation process where instead of forming new words a
language can expand the number of words in its lexicon by
borrowing from the vernacular languages. However,
borrowing stands as the most influential word formation
process in SLE history. Reference [2] asserts that SLE is
rich with borrowings from Sinhala, Tamil, Malay, and
Arabic reflecting the cultural impact on the language.

Clipping is a systematic technique to create new words
by cutting or shortening longer words by reducing one
syllable or more, without changing the original lexical
meaning of the word. Reference [3] has introduced the
types of clipping as back clipping, middle clipping and
front clipping. As [5] states that clipping is one of the most
common word formation processes in social media
platforms due to its convenient nature on informal
conversations.

In morphology, when bound morphemes are connected
to a root to form a meaningful word is known as the process
of affixation. Furthermore, [3] has discovered two types of
affixations, such as inflectional affixation (which mainly
occurs to form grammatical words) and derivational
affixation depending on the usage of the word. According
to [2], affixation is one of the most prominent SLE word
formation processes.

III METHODOLOGY

The study was designed as a content analysis of the
comment sections from the YouTube videos featuring SLE,
particularly focusing on spoken content from influencers.
The sample was chosen through judgmental approach
where the researcher’s knowledge of SLE and morphology
is used to select YouTube channels. The identified words
were qualitatively analyzed to classify the morphological
processes (compounding, borrowing, clipping, and
affixation) and subsequently, quantitative analysis were
applied to determine the most productive word formation
processes through their frequency of usage. The chosen
sample consists of thirty words from the comment sections
of two YouTube channels (LET’EM COOK and
ChrisnCrysBlissed), which were chosen for their relevance
to the authentic portrayal of contemporary SLE and high
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audience engagement. The sample size was adequate and
feasible to represent the morphological features within a
variety of English. The existing classification of
morphological processes by [5] provided a theoretical
yardstick to analyze, categorize, and interpret the collected
data. More particularly, this research presents
compounding, borrowings, clippings and affixation [5] as
four major morphological processes found in the SLE on
YouTube comments. The content was carefully analyzed to
identify the words that represent features of SLE and
categorized according to the relevant morphological
processes. The existing classification of morphological
processes by [6] provided a theoretical yardstick to analyze,
categorize, and interpret the collected data. More
particularly, this research presents compounding,
borrowings, clippings and affixation [6] as four major
morphological processes found in the SLE on YouTube
comments. This categorization allows for the examination
of the dynamic nature of SLE used in this specific digital
platform and its morphological impact on SLE within this
context.

IV RESULTS AND EVALUATION

When the research findings were analyzed,
compounding can be identified as the most productive
morphological processes, which involves the combination
of two words, both English or one English and the other
Sinhala or Tamil. Compounds (57% of the overall sample)
have dominated the morphological processes on YouTube,
being the most productive and frequently used
morphological process as shown in Fig. 1. Most of them are
endocentric in which the meaning is derived from the head,
and highly compositional compounds in which the meaning
is easily derived from its components. Some compounds
are indicative of the socio-political and geographical
context; ‘Kandy situation’, and ‘Pageant fever’ [7].
According to the evidence provided by research, hybrid
compounds mostly consist of words from Sinhala and
English; ‘Genuine /ja:luwa/’, ‘/supiri/ solution’, ‘Mental
/'prafna/’, ‘Private /isko:le/’, and ‘Government /isko:le/’
(8]

Borrowings (23% of the overall sample) are the second
most productive morphological processes that integrate
new words into SLE from local languages, reflecting our
national and in-group identity as shown in Fig. 1. Almost
all the borrowings found in the particular digital platform
are directly borrowed from Sinhala /budu rad3:nan
vahanse/, /dze:sus vahapse/, /sedaech@watun/, /[ramada:na/
[9].

Clippings involve the formation of a new word form
with the same meaning as the original lexical item by
lopping off a portion of a word [3] Clipping represents 13%
of the overall sample indicating its moderate role in
morphological processes in Sri Lankan YouTube
comments as shown in Fig.1. It involves the formation of a
new word form with the same meaning as the original
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lexical item by lopping off a portion of a word. In the digital
context, clippings are used to ease and speed up
communication; ‘subs’ for ‘subliminals’, ‘insta’ for
‘instagram’, ‘Undergrad’ for ‘Undergraduate’, and ‘Epi’
for ‘Episode’ [10].

Forming unusual and unique lexical items affixation
attaches English affixes to Sinhala or Tamil root words
[11]. Affixation represents 7% of the overall sample
indicating its minor role in morphological processes in Sri
Lankan YouTube comments as shown in Fig. 1. Under this
morphological process, both inflectional affixations;
/lokka:s/ (possessive ‘s”) [12], and derivational affixations;
/visackion/ (suffix ‘ian’) [8] could be uncovered on
YouTube comments.

Affixation |
7% |

Clipping
13%

Compoundings
57%

Borrowings ,
23%

® Compoundings m Affixation

m Borrowings

u Clipping

Fig. 1. Analysis of word formation processes in Sri Lankan YouTube
comments

Compounding accommodates the largest number of
entries in SLE while borrowing stands as the second-largest
entry. Clippings and affixation respectively accommodate
fewer entries in SLE. Thus, the results of the research
denote that compounding and borrowing are predominantly
used in Sri Lankan YouTube comments, while clippings
and affixations are used infrequently.

VvV CONCLUSION

In conclusion, this study exemplifies some of the major
trends found in the SLE morphological processes on
YouTube comments which are representative of the Sri
Lankan online community. One key trend is the dominance
of compounding and borrowings in comparison to other
morphological processes such as clipping and affixation.
Another trend is the significant influence of the Sinhala
language to coin unique compoundings and borrowings
SLE. Thus, it is evident that Sinhala as the superstrate of
Sri Lanka has exerted a significant influence over these
morphological processes which are recognizable on
YouTube comments.

Due to time constraints, this study has focused only on
two Sri Lankan YouTube channels resulting in an
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insufficient sample size for statistical measurements to
fully represent the variety of morphological processes as
they appear on Sri Lankan YouTube comments. Thus,
future studies can expand the sample into a broader range
of YouTube channels to improve generalizability and to
codify the SLE vocabulary which is rapidly growing with
the influence of digital platforms like YouTube.
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Abstract—Successful spontaneous conversation is an
essential skill for an ESL learner. Spontaneous conversations
become difficult as they involve instant thinking and
processing. This study investigates whether self-talk would be
an efficient strategy to improve the confidence level in
spontaneous conversations in ESL learners. The study was
done among a group of students from SLIIT City Uni,
semester 1 February intake batch. A Mixed method was used
in a pre-test/post-test design for data collection, namely pre-
test and post-test. A self-talk intervention was implemented
over a period of seven days between these interview sessions.
The findings indicated a significant improvement in ESL
Learners’  confidence levels during spontaneous
conversations following the implementation of the self-talk
strategy. In this study, the qualitative analysis complemented
the quantitative findings, and several important
recommendations were proposed based on the integrated
results.

Keywords— Confidence in speaking, Rubric-based
assessment, Self-talk strategy, Spontaneous conversation.

I. INTRODUCTION

According to [1], speaking is the art of using words
aloud to connect thoughts through live conversations.
Speaking is the ability to convey feelings and thoughts to
another person, and to speak, an individual has to create
sounds using various parts of their body [2]. Over the
years, numerous languages have been developed around
the world. While other languages are important in this
world, English has become one of the most essential
languages to communicate with each other due to
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being spoken by millions of people around the world
[3]. This makes it difficult for people from non-native
English-speaking countries to express their thoughts. A
significant number of students need to study English as
their second language just because it is in the curriculum
[4]. When it comes to expressing thoughts, it has been
revealed that the ability to speak spontaneously without
prior preparation can be essential for daily human
interactions [5]. However, spontaneous conversations will
open a set of challenges that demand quick thinking and
adaptability [5]. This makes it more challenging for ESL
learners as they must express themselves orally in a foreign
language spontaneously [6].

The two main cognitive factors that tend to increase
communication anxiety and speaking anxiety are the
negative evaluation of the audience and expectations of
poor performance [7]. This acts as a psycholinguistic
barrier for ESL learners, which affects their oral
proficiency [7]. As a solution, many researchers have
turned their attention towards various methods to improve
English speaking, one of them is the self-talk strategy.

Self-talk is a strategy in which individuals express their
ideas in their own way; it is their inner voice [8]. Self-talk
is not just limited to speaking in the first person with “I”;
it can also be directed at oneself using the second-person
pronoun “You” [9]. Cognitive theorists emphasize that
there is a strong link between what people say to
themselves and what they do [7]. Self-talk enables learners
to verbalize their inner thoughts freely, without external
constraints, thereby creating a psychologically safe
environment. [10]. This would eventually increase their
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confidence in speaking as well. While prior research has
examined the role of self-talk strategy in speaking ability
[11] and reducing speaking anxiety [7], there is a research
gap for using self-talk strategy to improve confidence in
spontaneous conversations.

While previous studies were focussed on public
speaking and general English fluency, this study
specifically investigate whether self-talk strategy would
boost ESL Learner’s confidence in spontaneous
conversations. This area remains underexplored, which
creates a clear research gap that this study aims to fill. This
gap is significant, as spontaneous speaking is a key skill in
real-world communication but often overlooked in ESL
training. This distiction is crucial as spontaneous
conversations triggers anxiety in most ESL learners.
Addressing this area not only fills the research gap but also
offers a practical strategy to improve confidence in these
situations. If this strategy is proven to be successful, it
would be a unique approach for a problem faced by many
ESL learners.

Aims of the Study:

e To examine whether self-talk can improve ESL
learners' confidence in spontaneous conversations.

e To observe spontaneous speaking confidence as a
dependent outcome influenced by observable
performance factors such as pronunciation,
vocabulary use, fluency, task completion, and
expressive delivery.

e To analyze the effectiveness of a short-term self-talk
training program.

II. LITERATURE REVIEW

Self-talk (ST) has been used in various studies to
discover whether it would be an effective strategy to
improve speaking skills.

A. Reference [7] focused on Saudi EFL university
students and the results of using self-talk technique to
reduce public speaking anxiety. It has been found that there
is a significant negative correlation between self-
reinforcement (a type of ST) and anxiety levels.

B. Reference [11] conducted a study on Indonesian high-
school students to discover whether the self-talk technique
is useful in improving students’ speaking skills. Their
experiment showed that learners who practiced positive
self-talk displayed increased fluency and reduced
nervousness during speaking tasks.

While previous studies were focused on public
speaking and general English fluency, little to no focus has
been placed on its impact on speakers’ confidence level in
spontaneous conversations. This gap is significant since
spontaneous speaking skills are crucial for real-world
communication but often overlooked in ESL training. This
study aims to address that gap.

III. METHODOLOGY

A. Data Collection and Research Procedure
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This study was conducted in a group of 15 students in
SLIIT City Uni February Intake, Foundation Semester 1
batch. This group was pre-tested and post-tested. As the
name implies, these students’ abilities were measured
through an open-ended and semi-structured interview
process, which allowed more flexibility in gathering
information about their confidence level in speaking as
well as their opinion about self-talk. The post-test was
conducted before the 7-day story/scenario-based training
period. After the training period, the post-test interview
was conducted, and it was done to observe the change in
participants’ improvement in confidence level in
spontaneous conversations.

B. Quantitative and Qualitative Data

This study followed a mixed approach of using both
quantitative data and qualitative data. To gather
quantitative data, the Rubric framework implemented in
Ismaila’s research [12] was used and was customized to
measure hand gestures and facial expressions that align
with finding the confidence level of the individual. These
data were measured on various criteria such as
pronunciation, vocabulary, grammar, fluency, and
expressive delivery. The qualitative data was gathered
through a semi-structured interview conducted to explore
participants’ opinions regarding their confidence level in
spontaneous conversations.

C. Instrument (Rubric Method) (Ismailia, 2021)

The Rubric method used in Ismaila’s research [12]
was used to measure pronunciation, vocabulary, grammar,
fluency, and task proficiency in the study. Each rubric
criterion was scored on the scale of 50-100. This method
was modified to gather information about the expressive
delivery of the participants by adding a separate section to
measure the expression level through eye contact, hand
gestures, and body language. In this study six rubric
criteria were used as independent variables to contribute to
obtaining the confidence level which is treated as a
dependent variable. This Rubric assessment is used to
measure the overall self-perceived confidence level
through all the criteria.

D. Tool (SPSS)

In this study, IBM SPSS statistical software was used
to analyze the collected data [13]. Measures such as mean,
media, and mode were used to analyse the changes that
happened during the pre-test and the post-test. These
measures were used across all the scales of the Rubric
method, which are pronunciation, vocabulary, grammar &
accuracy, fluency, task completion, and expressive
delivery for a clear comparison before and after the
training period.

E. Training Method

For the scenario/story-based training process,
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participants were given a card that contained a simple
story/scenario related to an imaginary storyline. They were
asked to imagine the scenario, add some of their own story,
and record an audio of themselves talking about that
scenario/story for 5 minutes. These scenarios/stories were
designed to encourage more imagination. This process was
carried out for 7 days by changing stories/scenarios each
day.

F. Participants

A total of 28 students were gathered from SLIIT City
Uni February Intake, Foundation Semester 1 batch. For
this study, Foundation students were selected because
they are in an ecarly stage of academic language
development and frequently need to engage in activities
that challenge their English-speaking skills, making them
an ideal group to observe the immediate change. Beginner
students frequently have speaking issues such as
anxiousness and lack of self-confidence [14]. To maintain
the relevancy of this study, only students who are learning
English as their Second Language were included from the
total of 28 students in the batch. Based on the exclusion
criteria, the final group consisted of 15 students.

The interviews were done in a relaxed atmosphere
where students could express their thoughts freely. Prior to
participation, learners were informed about the study
procedure, and their volunteer consent was taken, and they
were told that the interview process would be recorded and
quoted in data analysis.

IV. RESULTS AND EVALUATION
A. Quantitative Data

The participants’ pre-test and post-test interviews
were video recorded and were analyzed with the help of
the modified Rubric method of Ismaila’s research [12].
This statistical analysis provides a numerical range
between 50-100 based on their proficiency level in each
of the sections. The mean, median, and mode of those data
were calculated with the IBM SPSS statistical software.

Based on the results,

e Pronunciation: Significant increase from Pre-Test
(72%) to Post-Test (83%), indicating a (+11%)
increase.

e Vocabulary: Increase from pre-test (76.5%) to post-
test (85.4%), showing an increase of (+8.9%)).

e Grammar & Accuracy: Improvement from pre-test
(70.4%) to post-test (72.0%), increase of (+1.6%)

o Task Completion: Increase of pre-test (68.7%) to
post-test (80.9%), indicating (12.2%) increase.

e Expressive delivery: from pre-test (65.4%) to post-test

(72.8%), showing a significant increase of (+7.4%)

e Fluency followed a different pattern (pre-test: 69.8%,
post-test: 68.3%) making the total average difference
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of pre-test: 70.47% and post-test: 77.07% being
+6.6%.

Spontaneous speaking confidence is treated as a dependent
variable inferred from six performance criteria.

B. Qualitative Data

Data of the Semi-structured interview were gathered,
transcribed, and analyzed carefully. Based on the questions
and answers, several categories were established. A
detailed qualitative analysis can be seen in the following:

I. Challenges faced in spontaneous conversations

When the participants were asked questions
regarding the challenges they faced during spontaneous
conversations, they had a variety of different answers.

e Difficulty in quick thinking and responses forming

Out of them, one of the most common challenges

was when speaking spontaneously, they find quick
thinking and responding as a significant challenge.
Participant No.3 responded that “I normally pause a
lot, sometimes I don’t know how to continue the
sentence” and Participant No.11 responded that “When
I started to speak my mind goes blank and it take some
time ideas to come to mind”.

e Challenges in maintaining grammatical accuracy
while speaking.

While others had a hard time stating something
grammatically correctly. Participant No.14 said that “I
have an idea in my mind, but when I try to convert that
to words, most of the time it’s grammatically
incorrect” and No.13 stated that “when I speak up my
grammar is not good”.

e Struggles with vocabulary

Another concern that the participants raised is
regarding vocabulary. As No.2 said, “I know a decent
amount of words in English, but when I try to speak
quickly, I can’t complete my sentence because I don’t
know that specific word to complete it” and No. 8
described that, “T can’t fill in the sentences because
sometimes I don’t know the relevant suitable word”.

II. Psychological and Social Barriers
e Nervousness due to fear of judgment.

Many participants highlighted that when they
encounter spontaneous conversations, they become
anxious because of others’ judgement. According to
participant No.7, “Normally when I encounter some
foreigner or someone who speaks in English, my heart
rate increases in those instant conversations because
what would they think of me if I mess up?”. While No.
9 stated that “I sometimes start stuttering when I think
about what others would think of me”.

1. Will self-talk prepare
conversations?
Helps in organizing thoughts and structuring

you for spontaneous
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sentences.

Most of the participants reported that self-talk
helped them to practice organizing their thoughts and
boost their confidence. As participant No.15 said,
“When I practice in my head, it just feels like I'm
preparing myself for a real conversation which didn’t
actually happen”. Also, according to participant No. 6,
“I sometimes talk to my self about some random
conversations, and I think it helps me to have a good
organization of sentences”.

e Improves pronunciation and vocabulary recall
through practice.

Another interesting fact the participants said is
that self-talk helps them with pronunciation and
vocabulary as well. Participant No.10 said, “When I
self-talk, mostly words will flow into the mind, which
actually helps a lot in real conversations as well” and
No.13 confirmed it by “Actually, I think I have
improved my vocabulary a lot through this self-talk
thing”

V. CONCLUSION

This study investigates whether self-talk would be an
effective strategy in improving the confidence in
spontaneous conversation of ESL learners. Both
quantitative and qualitative analyses show that there is a
correlation between improving confidence in spontaneous
conversations and self-talk training. The quantitative
results showed that self-talk training has a positive impact
on the participants’ confidence level with regard to the
measures taken in six criteria. Qualitative results show
that there are some challenges regarding spontaneous
conversations, but with the help of the self-talk strategy,
learners have seen significant improvements. This study
reflects that self-talk would be an effective strategy to
improve confidence in spontaneous conversations in ESL
learners based on the findings.

The study shows a positive impact of self-talk in
improving confidence in spontaneous conversations. It is
recommended to use this strategy to improve ESL learners
confidence level and speaking skills in spontaneous
conversations. Future studies could consider how other
factors such as age, gender, and proficiency level in
English would affect these findings.
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Abstract— ‘Sense of Place’ is a theory that defines the
emotional attachment individuals develop with specific
locations, encompassing both positive and negative
feelings. It can be directly applied to the analysis of the
Victorian writer Emily Bronté’s portrayals of her house in
Yorkshire moors where she grew up. It is reported that she
loved her house, and it provided her with a constant back
drop for her imaginative thinking and creative writing. It
is assumed that the landscape seen through its windows
and the sounds heard while being inside it frequently
inspired most of the locational portrayals in her poetry and
fiction. In consideration of Emily Bronté’s romantic
attachment to her home, the present study intends to
explore her own sense of place as portrayed in her works.
Accordingly, it pursues the research questions, “How is
Emily Bronté’s sense of place portrayed in her works,
‘Wuthering Heights’, ‘Remembrance’ and ‘Fall, leaves,
fall?’ The methodology involves a thematic analysis of her
biography by Edward Chitham, ‘A Life of Emily Bronté’
under the three themes, ‘Emily Bronté’s sensitivity
towards nature and the environment,” ‘Emily Bronté’s
emotional intensity,” and ‘her imaginary encounters with
recurring patterns of the orphans and abandoned
characters.’ The findings of the present study foreground
that Emily Bronté’s was heavily influenced by her
romantic perception of the beauty of nature and her
identification of the therapeutic power of nature as
portrayed through her characters. According to her,
nature tends to improve the quality of relationships among
humans while showing the ways in which their
deterioration starts due to the imbalance of their emotions
including the sense of being abandoned.

Keywords—  Emily  Bronté, Fall leaves
Remembrance, Sense of place, Wuthering Heights.

fall,

I. INTRODUCTION

Reference [7] ‘Sense of Place’ describes the
atmosphere of a place and the quality of its
environment, which gives a certain unique sense of
well-being which makes the person return there often.
Reference [4] points out Emily Bronté depicted
Heathcliff and Cathy as inhabitants of the moors who
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created an ingrained bond with the landscape around them.
Their attachment towards each other has been growing
strongly. Subsequently, their love has delved through the
moors. Simultaneously, Emily’s self has been embedded in the
characters of the novel through reflecting their behavioral
patterns and their interactions with other characters. Reference
[2] mentioned that Bronté was able to write a fantastic gothic
novel, Wuthering Heights because of her interest in the moors
since childhood. She used to listen to her housekeeper’s
folktales related to the moors and she was well — acquainted
with both folktales and fairy tales. Wuthering Heights has
become famous all over the world because of the writer’s
depiction of irresistible love between a couple who was not
able to realize their love when they were alive and yearning for
a reunion after death. Simultaneously, her poem,
Remembrance also connotated the love which inspired in the
same context as above. In the novel, Wuthering Heights,
Heathcliff yearned for Catherine’s love after her death.
Similarly, the narrator of the poem, Remembrance, wishes her
lover to be with her after his death. Accordingly, it elucidates
Emily’s re-creation of the same story in two different contexts.
On the other hand, her poem, Fall leaves fall connotated the
idea that the abandoned lover is in deep sorrow who
meticulously expressed worried emotions through nature.

II. LITERATURE REVIEW

A. Bronté’s life

Reference [5] Bronté’s life and the works are integrated a
combination of her sharp intelligence and the volatile range of
the emotions, and she pursued her abandoned self and the
intense feelings through the manner of poetry and novel.
Moreover, Bronté’s home was ‘Haworth Parsonage’ which
was a four-square house, facing the gales from high moors and
brooding over churchyard tombs below. Reference [5] further
explained Bronté€ loved her house as much as any of the family
members because it provided a constant back drop for her
reading, writing and thinking. Bront& loved looking outside of
the window. She could see the church yard and the church
tower. Bronté loved the west wind which blew across from
these moors from Lancashire. That is the environment that
Bronté have been surrounded with. In such a context, Bronté
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created her fictional characters to live through the
moors. Reference [4] “the inhabitants of the moors,
most notably Heathcliff and Cathy, developed such an
ingrained bond with the landscape around them that
the landscape becomes more representative of their
self”. In that manner, she used to create her own sense
of place with dark and deep moorlands which she
could see from outside of her window including the
life that she had spent inside of the parsonage with less
interaction with the outside world. Mostly, she
enjoyed her life with her family members.
Consequently, Bronté’s participation in play acting
and daily walks in the moorlands specifically
influenced both of her poetry and novel. In addition,
Reference [5] mentions that Bronté’s poetry suggests
her sensitivity towards the nature and the around. Her
capacity for the sensitivity towards nature can be
reflected as follows,

When there was a period of high wind, Emily had
written the poem with the title, loud without wind was
roaring. In those poetry lines, Emily recalls her
childhood with the moments when Emily and Anne
rose at dawn in order to run across the moors near
Haworth [5].

B. Bronté’s Sense of Place.

Bronté’s faculty of imagination is powerful.
Reference [11] mentions the imaginative world that
was created by Bronté was healthier than the reality.
The life that she had spent in Yorkshire moors had
been reflected in her works On the other hand,
Reference [9] mentions that Bronté was heavily
influenced by the nature of rural Yorkshire that was
surrounded by rolling hillsides and sweeping
landscapes. Bronté had the powerful chains of the
words which depicted the visualization of the open
scenery of her surrounding, the moors, clouds, wind,
sunlight, grey stones, mosses of heather. Her works
have exposed the restless soul of Bronté herself.
Reference [9] has further illustrated that her emotional
intensity has been naturally shared with her eminent
work of art, Wuthering Heights. The loss of her mother
has remained as a subconscious trauma to Emily.
Furthermore, the separation from the beloved was such
a recurrent experience in Emily’s childhood.
Accordingly, it seems that her works have been
integrated the same themes of separation and reunion
more often. Reference [1] points out Bronté had a
mysterious habit of creating fantasy worlds within
which she repeated certain patterns. She used to put
together all her obsessive thoughts in such a world.
This world inhabited all her obsessive thoughts.
Furthermore, Reference [6] mentions the creative
writer is a neurotic individual, and the work of art is
the expression of the unconscious mind of the
individual. Reference [1] shows that both the
exploration of the personal life of Bronté and the story
of Wuthering Heights revealed Bronté as a neurotic
woman who lived in an imaginative world where she
was able to gratify her secret wishes. The unfortunate
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state of Bronté was further ignited her severe traumatic
childhood experiences and the rigid social circumstances of the
Victorian society Accordingly, the recurring themes of loss and
separation and the recurring patterns of the orphaned and
abandoned characters were showcased throughout Bronté’s
works. Reference [1] further mentions that Bronté’s personal
experiences, obsession with the fear of loss that she had
experienced in her childhood had been depicted in her works.

III. METHODOLOGY

The present research uses qualitative research design.
Thematic analysis has been used to analyze Edward Chitham’s
A Life of Emily Bronté (1987), a biography of the writer’s life.
Subsequently, the novel, Wuthering Heights (2002) and the
poems, Remembrance and Fall leaves fall have further been
analyzed using thematic analysis.

IV.RESULTS AND EVALUATION

A. Bronté’s the application of Sense of Place in ‘Wuthering

Heights’

1. Emily Bronté’s sensitivity towards nature and the

environment

Bronté was heavily influenced by nature of rural
Yorkshires that which was surrounded by rolling hillsides and
the sweeping landscapes. The beauty and the serenity of nature
had been depicted several occasions in the story. Yet, the most
effective instances have been selected for the present study.
Accordingly at the beginning of the novel, Bronté has
introduced the principal location of the novel and its relation
towards nature and the surrounding.

‘Wuthering Heights’ is the name of Mr. Heathcliff’s
dwelling. Wuthering being a significant provincial adjective,
descriptive of the atmospheric tumult to which its station is
exposed in stormy weather. Pure, bracing ventilation they must
have always up there, indeed: one may guess the power of the
north wind, blowing over the edge, by the excessive slant of a
few stunted first at the end of the house [10].

Brontg has referred to the healing power of nature towards
her characters in the novel. After Emily was healed thanks to
the well-care of Mr. Linton. Emily was amazed to see the
surroundings. She was fascinated by the nature of the moors.
Emily is in a discussion with Mr. Linton. Both were amazed by
nature which has been taken priority in their talk. Furthermore,
nature has been acting as a backdrop of developing their
relationships. As soon as Catherine was cured, she was happy
to see nature. Simultaneously, it brings back her memories of
Wuthering Heights.

These are the earliest flowers at the Heights!” She
exclaimed. They remind me of soft thaw winds, warm sunshine,
and nearly melted snow. I only see two white spots on the whole
range of moors the sky is blue, and the larks are singing.
Catherine: last spring at this time, I was longing to have you
under this roof now, I wish you were a mile or two up those
hills; the air blows so sweetly, I feel that it would cure you [10].
Not only that, but the characters have also been healed because
of nature. The presence of nature improves the quality of their
relationships with each other. Catherine Linton was quarrelling
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with Linton Heathcliff on the moors. On the contrary,
nature acted as a facilitator to cure their moods. Nature
makes both to be in a good and pleasant spirit. Every
detail of nature is much appreciated. It seems that
Bronté herself gives attention to every small detail of
the nature.

He said the pleasantest manner of spending a hot
July day was lying from morning till evening on a bank
of heath in the middle of the moors, with bees
humming dreamily about among the bloom, and the
larks singing high up overhead blue sky and bright sun
shining steadily and cloudlessly [10].

2. Emily Bronté’s emotional intensity

Bronté is well known for the emotional intensity
of her works. Her narrative is emotionally unique
because not only does her character experience certain
emotions, but the readers too are also able to deep dive
in those emotions with the characters. Her usage of
emotions is in different layers. Mr. Lockwood had
been facilitated in a room in Wuthering Heights which
had been announced to not to be used. Subsequently,
Mr. Lockwood was compelled to experience a ghostly
dream. He had encountered the ghost of Catherine,
who emotionally lamented over mentioning she had
been waiting for Heathcliff for over 20 years. The
readers have experienced intense emotions of
Catherine through Bronté. The readers might not be
afraid yet feel sorry for the isolated spirit. Or else, the
readers might feel shocked and the abandoned because
no one has expected this gothic atmosphere in the
middle of the romance story. This scenario has
provided much evidence that Emily had a need to
create love that had gone beyond the graveyard.

let me in — let me in! Who are you? .... ‘Catherine
Linton,’ it replied shiveringly. I’'m home; I’d lost my
way on the moor!” It’s twenty years’, mourned the
voice, ‘twenty years, | have been a wait for twenty
years [10].

Catherine Earnshaw used to hang out with
Heathcliff on the moors. Suddenly, as she is
encountered by Edgar Linton, she has forgotten
Heathcliff. Simultaneously, she mentioned that it is
risky to marry Heathcliff. Yet, she expressed her love
towards Heathcliff. She mentioned the following to
her servant, Ellen’. Her parole seemed to sound
emotionless. If she loves Heathcliff to such an extent,
she should accept Heathcliff with whatever
circumstances that he has. She should not forget
Heathcliff at the presence of Edgar Linton.

He shall never know how I love him; and that, not
because he’s handsome, but because he’s more myself
than I am. Whatever our souls are made of, his and
mine are the same, Linton is different.” My love for
Linton is like the foliage in the woods. My love for
Heathcliff resembles the eternal rock beneath [10].

Bronté was able to depict the chaotic nature of
Catherine who seemed to start loving her childhood
friend after getting married to sophisticated Edgar
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Linton. Edgar was angry about the indecent behavior of
Heathcliff at his own home and requested Catherine to select
between the two. Catherine was ashamed of herself. She knew
Edgar was talking with a point that she was not able to bear.
She got sick for a longer week, which caused damage to her
emotional balance. Moreover, Isabella Linton is a woman who
again lost her emotional balance due to her being a jealousy,
desperate, helpless and frustrated wife of Heathcliff. She has
written this letter to Nelly,

Is Mr. Heathcliff a man? If so, is he mad? And, if not, is he
a devil? I shan’t tell my reasons for making this inquiry; but I
beseech you to explain, if can, what I have married to that is
[10].

Bronté shows the ways in which the person’s deterioration
started due to the imbalance of the emotions. Emotions play a
significant role in every person’s life. Furthermore, the death
of Catherine Linton happened solely because of Heathcliff’s
presence. Before Heathcliff came, the life of Edgar and
Catherine was a happy one. After Heathcliff became a
gentleman, Catherine had seen two capable lovers: Heathcliff
and Edgar. She had emotionally drained. Catherine had
showcased a wild and a passionate love towards Heathcliff.
That’s why, when Heathcliff had come to visit Catherine at her
sickbed, she could not resist kissing Heathcliff while forgetting
Edgar Linton.

He neither spoke, nor lost his hold for some five minutes,
during which period he bestowed more kisses than ever he gave
in his life before. Edgar will not hurt us [10].

However, Heathcliff was immensely worried about the
death of Catherine. He seemed to be pure with his expressions
and emotions. He only loved Catherine. He did not love Isabella
though he married her. The death of Catherine had made
Heathcliff to be the demon of Wuthering Heights. He had
become a mentally imbalanced person who wanted to take
revenge on Edgar Linton. He wanted to make the reunion of her
son, Linton Heathcliff and Catherine’s daughter, Catherine
Linton. During the last days of Heathcliff, he had shown a
strange behavior where he went to the moors and always his
mind was haunted by Catherine. The following few lines were
uttered by Heathcliff intensely.

You said I killed you, haunt me then, the murdered do haunt
their murders. I believe ghosts have wandered on earth. Be with
me always. Take any form, only do not leave me in this abyss,
where I cannot live without my soul [10].

3. The recurring patterns of the orphaned and abandoned
characters

At the beginning of the novel, Heathcliff arrived
‘Wuthering Heights’ as an orphaned boy who is without the
parents. The young Heathcliff had been treated much unfairly
by Hindley Earnshaw. Hindley Earnshaw had been the beast
of the “Wuthering Heights.” The same footsteps have been
taken by Heathcliff. He had become the Master of Wuthering
Heights, and he treated them badly for the young Hareton
Earnshaw. Catherine Earnshaw had married Mr. Edgar

Linton. So, she became ‘Catherine Linton.” Subsequently,
their daughter had been named as ‘Catherine Linton.” The
names have been repeated. Then, the sons of Heathcliff and
Isabella Linton had been named Linton Heathcliff.” When the
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two kids were playing at Wuthering Heights, they
were able to find the goods of first Catherine and
Heathcliff. It seemed that Emily was trying to share
the emotional weight of her heart with her readers
through repeated character cycles. There are three
main characters as follows, Catherine, Heathcliff and
Linton whose presence often had been appeared in the
story. In addition, specifically the abandoned, helpless
and parentless child and the man who becomes a beast
due to the death of loved ones appeared repeatedly
through the characters; Hindley Earnshaw, Heathcliff
and Harethon Earnshaw.

When Catherine and Linton had thought of playing
ball, they were able to find the hoops, battle doors and
shuttlecocks which named C and H. So, Catherine
mentioned that she ‘wished to have C., because that
stood for Catherine, and the H. might be stood for
Heathcliff [10].

B.  Bronté’s application of Sense of Place in
‘Remembrance.’

1. Emily Bronté’s sensitivity towards nature and
the

environment

Nature plays a vital role because the narrator
depicts her despair emotions while referring the
nature. In that manner, the emotions of the narrator
have been reflected through nature. The narrator is in
utter despair due to the death of her lover. The narrator
is still reminiscence of her dead lover who is lying
beneath the deep snow. That’s why, she mentions
‘Cold in the earth—and the deep snow piled above
thee, Far, far removed, cold in the dreary grave!” She
mentions that she lives because of her memory of him.
Their loving memories are with the environment, with
the ‘mountain, northern shore which is covered with
fern leaves.” The readers can visualize the autumn
period where the dead leaves have touched the earth
and are covered with leaves. The intensity of the
emotions of the narrator have been projected through
the visuals of nature. The cold earth and the dead
leaves provide the melancholy atmosphere that the
narrator is currently living by. Moreover, the
emotions of despair, disappointment, yearning,
isolation and love are depicted with intensity.

Cold in the earth—and fifteen wild Decembers, From
those brown hills, have melted into spring: Faithful,
indeed, is the spirit that remembers. After such years
of change [3].

2. Emily Bronté’s emotional intensity

She survived for the past fifteen years without the
presence of her lover. Yet, her soul is immensely
grateful towards her lover. That’s why she has
mentioned that though the years have passed, her
suffering without his presence continues. Moreover,
her infidelity towards her dead lover is surprisingly
marvelous because she confesses that other men has
come her way, yet she rejects them all for the sake of
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her loyalty towards her dead lover. That’s why, she has
mentioned that “Other desires and other hopes beset me, hopes
which obscure, but cannot do thee wrong!”. The narrator
seemed to be hopeless and helpless without the presence of his
lover because all her life’s blessings have been received with
the presence of her lover. In that manner, she believes that all
her life’s blessings were gone into the grave with him.
Specifically, the following verse of the poem is echoed in
Emily’s novel, Wuthering Heights. The verse is, ‘Down to that
tomb already more than mine.” ‘In the above novel, Catherine
Earnshaw mentions that ‘Heathcliff is more myself than [ am’
The above scenario showcased Emily’s depiction of
intensified passionate love which has become hopeless
because of the death of her lover. Yet, she celebrates the
unrequited love which is the most suffocating. She compares
her lover to the tomb and  deeply in love with his tomb. The
narrator questioned how she loves another man after tasting the
divine love of the man who lies beneath the soil. Her world is
empty without him. She mentions that ‘Once drinking deep of
that divinest anguish, how could I seek the empty world
again?’ She compared the love that she shared with the man is
like, drinking a divinest drink and she is in desperate state and
questions how she will taste another mediocre drink because
she knows the exact taste of the divine drink. She had become
abandoned in this world without the presence of her lover.
Surprisingly, the exact situation has been echoed in
Heathcliff’s response to the death of Catherine.

3. The recurring patterns of the orphaned and abandoned
characters

In Bronté’s novel, Wuthering Heights, the orphaned and
the abandoned characters were recurrent occasionally.
Similarly, in the present poem, the narrator is an abandoned
lover who becomes isolated in the world without her lover
beside.

C. Bronté’s application of Sense of Place in ‘Fall leaves
fall.”

1. Emily Bronté’s sensitivity towards nature and the
environment

Bronté mentions that every leaf whispers a good thing to
her. Yet, these leaves belong to a tree which puts down their
own leaves during the season of the Autumn. Ironically, the
above verse shows that the narrator is no longer happy. Yet, she
mentions that she is happy to see the snow where the rose
should grow. It seems that she does not have anything to be
happy with. Nature itself facilitates the melancholic mood of
the narrator. Her strong mind is depicted because she is ready
to be happy when everything is dreary and dull. In that manner,
nature has been used as an instrument to communicate the
moods of the characters.

2. Emily Bronté’s emotional intensity

Bronté meticulously uses the natural elements in order to
highlight the emotional intensity of the characters. The title of
the topic itself depicts the melancholy mood of the narrator.
Though the season of the fall has left the narrator, which has
returned towards her within an instant. The night melancholic
hours rather than the happy and joyful hours in her life. The
narrator is utterly sad. It seems she is abandoned. That might be
the reason that she is able to celebrate the melancholic moments
with so much power visual imagery. is longer than the daytime.
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The above factor connotates the idea that the narrator
must go through longer darker and

Fall, leaves, fall; die, flowers, away;
Lengthen night and shorten day;
Every leaf speaks bliss to me
Fluttering from the autumn tree.

I shall smile when wreaths of snow
Blossom where the rose should grow;
I shall sing when night’s decay
Ushers in a drearier day [3].

3. The recurring patterns of the orphaned and
abandoned characters

The narrator seemed to be lonely who feels life as
monotonous and boring because the nights are longer
and the day times are short. The narrator is not
accompanied by anyone. No human is available to
speak bliss to them. No human is available to smile at
them. Instead of that, the narrator lives alone with
nature. The narrator suffers from the feeling of getting
abandoned as they are happy to welcome winter over
the spring and sing along their dull and monotonous
days.

V. CONCLUSION

As Bronté had lived with nature, she had made her
narrators of the poems to be with nature. Accordingly,
one can understand the fact that Bronté’s sense of place
has been depicted through her works. Specifically, her
sense of place has been limited to her surroundings, her
emotions and Bronté as a lonely person how does she
console herself at the presence of the nature. Nature
has done the work of another human when it comes to
the context of Bronté. Her life was limited to her love
for nature. Specifically, towards moors. The emotions
have been directly impacted by nature. She has
depicted the abandoned character who is in search of
love. Nature has played a significant role in
recognizing the true emotions of the characters.
Accordingly, Bronté’s works are just repeated patterns
of human relationships. Specifically, the lover is
abandoned by the other lover. Therefore, he/she is in
desperate search towards love. The above-mentioned
scenarios were repeated in both the novel, Wuthering
Heights, the poems, Remembrance and Fall leaves fall.
Specifically, the abandoned, helpless and parentless
child and the man who becomes a beast due to the
death of loved ones appeared repeatedly through the
characters. Nature has constantly enriched such
emotional human relationships. In that manner,
Bronté’s sense of place contributed to the production
of her works including shaping her writing career.
Bronté represents the European culture in the
Victorian  society.  Accordingly, the future
recommendations can be made towards research on the
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reflection of sense of place in South Asian culture including the
ways in which the cultural, social and other political factors
have been contributed on the flourishment of writer’s
perspective.
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Abstract—This study investigates the impact of English
Listening skills for specific information (ELSSI) on English
pronunciation (EP) among 40 Foundation semester 2
students at SLIIT City Uni. A mixed approach of
questionnaires and experimental tests as research
instruments, along with the AI tool, ELSA Speak, was
applied to this group. Participants received structured,
listening-based practice over the past few days by employing
the ELSA Speak Al application. The Data were analyzed by
using the Statistical Package for the Social Sciences (SPSS)
and Thematic analysis. Therefore, the results show a
statistically significant improvement, based on the means of
the inclusive posttests (83.49) being higher than the pretests
(77.20), highlighting the effectiveness of targeted listening
activities in enhancing pronunciation. The increase in the
mean score was discovered after the listening treatments by
the researchers. An increase in student scores was observed
following the treatment. Positive feedback of the sample
demonstrated the above-mentioned points. These results lead
to the suggestion that ELSSI can help with the development
of oral proficiency, while mobile-assisted language learning
tools (ELSA Speak) play a crucial role when focusing on the
improvement of oral proficiency, further offering valuable
insights for educators and language enthusiasts around the
world.

Keywords—ELSA Speak application, Homophones,
Listening skills, Media, Pronunciation,
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I. INTRODUCTION

Pronunciation is a key component of speaking which
enhances the meaningfulness of the English Language
(EL). According to Adawiah, Muliati & Samtidar (2024)
pronunciation is one of the prominent aspects that others
will judge. Therefore, Adawiah, Muliati & Samtidar
(2024) mentioned that there are several aspects that must
be considered in speaking in EL. Pronunciation is one of
the first impressions that other people will catch grasp
swhen starting a conversation in English. Listening skills
and related activities play a vital role in order to achieve
better speaking skills in EL. Pronunciation and listening
comprehension skills are interconnected; improving one
often enhances the other. Specifically, focusing on the
sounds of a language and practicing pronunciation can
significantly improve listening skills and vice versa. The
researchers observed that due to poor awareness among
students, the importance of listening to improve one’s
pronunciation has been ignored, even while considerable
mobile applications exist. This research is mainly aimed at
helping students improve their pronunciation by using
various listening exercises, as it is the main component
that’s directly linked to one’s pronunciation. This also
sheds light on a helpful mobile application for the self-
improvement of students. Additionally, the research
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focuses on enhancing the concern of students in the
direction of listening.

Thereby, the present research points towards how
listening impacts the enhancement of pronunciation with
the help of the mobile app, ‘ELSA Speak’.

II. LITERATURE REVIEW

A.  Pronunciation and Listening

Listening skills and related activities play a vital role
in order to achieve better speaking skills in EL.
Pronunciation and listening comprehension skills are
interconnected; improving one often enhances the other.
Specifically, focusing on the sounds of a language and
practicing pronunciation can significantly improve
listening skills and vice versa. In language learning,
pronunciation and listening are two sides of the same coin.
Through a grasp of phonetics — the sounds of a language
— serves as the foundation for both. (Miller, 2024).

B.  Listening skills for specific information and
Listening activities

Listening is an activity of listening to verbal symbols
carefully with concentration so that the information
transmitted can be obtained and appropriately understood.
Paying attention to the sound, then identifying,
monitoring, assessing, and then reacting to the sound is a
skill needed for someone to communicate (Rahmawati &
Br. Sianturi, 2021).

C. ELSA Speak application

Adawiah, Muliati & Samtidar (2024, p.65) stated that
“English Language Speech Assistant is an acronym for
ELSA. English Language Speech Assistant (ELSA) can be
downloaded for free from the App Store or Google Play. In
the Elsa application itself, there are several categories,
namely daily lesson exercises, improved pronun ciation,
and topic-based learning (there are 14 topics here, and we
can choose according to our abilities). In Elsa Speak, there
are also phonetic symbols for each word, and we can also
listen to how the word is pronounced”.

1II. METHODOLOGY

The present study aims to determine whether the
English Pronunciation (EP) has an impact on the English
Listening Skills for Specific information (ELSSI) in the Sri
Lankan context.

This model was developed by the author himself
because none of the previous studies have investigated this
relationship using EP and ELS. Therefore, this conceptual
framework is developed based on based on previous
literature. It is evident that people feel speaking and
listening are the most important skills to learn. The
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variables used for this study are ELS as an independent
variable and EP as the dependent variable.

A.  Abbreviations and Acronyms

Most of the variables involved in this sss udy are
instinctive, which means most of them are subjective
rather than objective. Therefore, a clear-cut definition or
commonly accepted definition for these variables cannot
be foundcannot be found. Hence, the defining scope of the
present study is given by the following definitions.

EP - “The way in which a word or letter is said, or said
correctly, or the way in which a language is spoken”
(dictionary.cambridge, n.d.), “The act or manner of
pronouncing something” (Merriam-Webster, n.d.), The
way in which we make the sound of words” (English Club,
n.d.)

ELSSI - “Paying attention to verbal and nonverbal
cues to gain a full understanding of the speaker’s
experiences, thoughts, feelings and objectives” (Indeed,
2025), “Paying attention to the use of language”
(Agwuocha, 2024), “Receiving language through the ears”
(English Club, n.d.)

B.  Research Design
The study used a mixed methods approach, with a
dominant quantitative aspect.

Population of the study - Since the study was
conducted to identify how EP can be enhanced by ELSLS
the study population included all the Sri Lankan people
who speak and willing to speak EL.

Sampling of the study -The geographical area for this
study was selected as Colombo district, due to
convenience. Gender wise, both males and females were
taken to the sample and all of them are students attending
SLIIT City University (SLU) foundation program to and
age between 16-25 years were proportionately drawn as
the sample for the study. 40 participants were taken as the
sample for this study, and they were selected using
purposive sampling technique, which is a non-probability
sampling method as Adawiah, Muliati & Samtidar (2024,
p-65) stated that In choosing the research participants, the
researchers used a purposive sampling technique; on basis
of that sample has been selected

Research Instrument - The questionnaire was used as a
research instrument. A pre-test and a post-test
questionnaire were provided for the participants. The
purpose of the pre-test is to determine the students’ EP
level before using the listening activities, and the purpose
of the post-test is to understand the students’ improvement
in EP after using the listening activities as treatment.

C.  Procedure for Data Collection
The study was conducted in three phases, including
pre-test, treatment, and post-test. During the pre-test, a
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questionnaire was provided for the 30 participants to
collect the background information of the sample, listening
habits, proficiency skill level and personal ideas regarding

Mean N Standard Standard
Deviation Error
Mean
According Pre 77.20 40 16.14 1.47
to the | Test
Average of
all 5 [Post | 8349 |40 | 1634 149
pretests and | oo
5 post tests

the relationship between ELSSI and EP. Then, each
participant was provided with 5 pronunciation tests
covering, (1) vowel exercise, (2) Consonant exercise, (3)
Homophones exercise using words that thatsound alike but
differ in meaning and spellings, (4) commonly
mispronounced word test and (5) tongue twisters followed
by measuring the time and pronunciation clearance level
which were measured by ELSA Speak application. The
researchers designed the above-mentioned tests with the
assistance of the Preply blog (Wilhelmi, 2024).

Based on the research that has been done by Adawiah,
Muliati & Samtidar (2024, p.65), they justified their
experimental method with the help of Sugiyono (2014) by
stating pre-experimental designs are designs that include
only one group or class undergoing pre- and post-tests. In
this study, the researchers only used the experimental
group without the control group.

After completing the 5 stages of exercises, those will
be uploaded to ELSA Speak Al application to monitor and
measure the pre-test proficiency in EP. Then participants
were provided with listening treatments by specific
information about vowel sounds,consonant
sounds,homophones,and tounge twisters where they can
listen to selected audio clips covering all five exercises
explained above and practice the pronunciation with a
1day interventional period for each test. After the practice
period, those 5 exercises were again conducted and
measured through ELSA Speak application to check on the
progress and improvement of EP. After the post-testing
period was conducted, a post-stage questionnaire was
provided for all the participants.

D.  Technique of Data Analysis
The study analyzed data using the Social Science
Statistical Package (SPSS) and Thematic analysis.

IV. RESULTS AND EVALUATION

A.  Data analysis
Pre-stage questionnaire analysis: As an entrance to the
research, a questionnaire was given to the students who
were participating in the tests by the researchers so that the
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current level of each student could be discovered through
this questionnaire.

Pretest and Posttest: Measured the frequency and the
rate of percentage of the pre-test and post-test scores of
students’ pronunciation of each test (vowel Test, consonant
Test, homophones Test, commonly mispronounced words
Test, Tongue twisters Test)

Students” mean score and standard deviation in the
pretests and the posttests:

TABLE 1: STUDENTS’ MEAN SCORE AND STANDARD
DEVIATION IN THE PRE-TEST AND THE POST-TEST

TABLE 1 shows that the students’ mean score on the
pre-test was 77.20. This score is in the fair classification.
The table also showed that the students’ mean score in the
post-test was 83.49, which is in the good classification, but
with a significant improvement.

It can be concluded the listening skills/activities that
were provided by researchers emphasized the progression
of EPS and the Al tools/mobile applications like ELSA
Speak can assist students to satisfy satisfy their desire by
using them as self-learning tools.

V. CONCLUSION

Listening skills/activities for specific information are
effective in students’ English pronunciation development
and enable the learners to engage in pronunciation skills or
conversation with confidence. According to the findings,
the inclusive posttests (83.49) were higher than
comparison to the pretests (77.20). The increase in the
mean score was discovered after the listening treatments
by the researchers. This can be classified as an increase in
student scores after being treated. The responses of the
feedback survey also prove this particular point.

The researchers discovered the Homophones exercise
as the best test among the five tests based on the posttest
results and feedback survey.

Assistance with ELSA Speak, and other reliable Al
tools/ Mobile applications can help to enhance the EPS,
which is recognized by the students of the sample as the
researchers expected.

In contrast, consciously focusing on the specific
information while listening is confirmed by students of the
sample as an important factor that can be distributed to the
EL learners.
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