INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD)
© 2026 IJNRD | Volume 11, Issue 1, January 2026 | ISSN: 2456-4184 | INRD.ORG

oG

VOICE-ENABLED INTELLIGENT ROBOT
TUTOR FOR EDUCATION

!Bablukesha K, 2Malatesh S H, *Arulmanikandan S, “Goutham D Koner, °Karan S Raj

1345Gtudents, 2Professor and HOD,
'Dept of CSE,
M S Engineering College, Bangalore, India

Abstract- The advancement of artificial intelligence and
embedded systems has opened new opportunities in the field
of education. Traditional teaching methods and online
learning platforms often lack real-time interaction,
personalization, and continuous support for beginners,
especially in programming education. This paper presents a
Voice-Enabled Intelligent Robot Tutor for Education,
designed to assist learners through natural voice interaction
and visual feedback. The system captures spoken input from
users, converts speech into text, identifies the learner’s intent,
and provides appropriate responses using text-to-speech
technology. It supports explanation of programming
concepts, line-by-line code explanation, execution of Python
programs, and interactive quizzes. The system is
implemented using Python on a Raspberry Pi platform and
operates in an offline environment, making it cost-effective
and portable. Performance evaluation shows fast response
time, accurate speech recognition, stable operation, and
reliable program execution. The proposed system
demonstrates an effective approach to enhancing learning
through intelligent voice-based educational assistance.
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INTRODUCTION

Education is undergoing rapid transformation with
the integration of intelligent technologies such as artificial
intelligence, speech processing, and robotics. Modern
learners require interactive and personalized learning
environments rather than passive content consumption.
Programming education, in particular, demands continuous
practice, instant feedback, and clear explanation of concepts,
which is often difficult to achieve through traditional
classroom teaching alone.

Voice-based intelligent systems provide a natural
and user-friendly method of interaction, enabling learners to
communicate using spoken language. Although several
learning platforms and chatbots exist, many depend on
internet connectivity and lack real-time program execution
and physical interaction. To address these limitations, this
paper proposes a Voice-Enabled Intelligent Robot Tutor that
operates offline using embedded hardware and provides
interactive programming education through voice and visual
assistance.

RELATED WORK
Several research studies have focused on intelligent
tutoring systems, educational chatbots, and robotic learning

assistants. Web-based tutoring systems offer personalized
learning paths but mainly rely on text-based interaction.
Voice-enabled educational assistants improve engagement;
however, they often require cloud connectivity and are not
suitable for offline environments.

Robotic tutors enhance learner motivation through
physical presence but commonly use predefined responses
and limited dynamic content generation. Online coding
platforms provide real-time code execution but lack voice
interaction and embedded system support. The proposed
system integrates the advantages of these approaches by
combining offline speech recognition, intelligent intent
detection, and safe code execution within a single embedded
robotic platform.

SYSTEM ARCHITECTURE
The proposed system follows a modular architecture
consisting of five main layers:
e Input Layer: Captures user voice commands using
a USB microphone.
e Processing Layer: Converts speech into text and
identifies user intent.
e Execution Layer: Executes predefined Python
programs securely.
e Output Layer: Generates voice responses through
speakers and displays information on an LCD.
e Logging Layer: Records user interactions and
learning progress.
This layered architecture ensures scalability, easy
maintenance, and efficient system performance.

METHODOLOGY

The system workflow begins with capturing voice
input from the user. The captured audio is converted into text
using speech recognition techniques. The recognized text is
analyzed to determine the user’s intent, such as requesting an
explanation, executing a program, or starting a quiz. Based
on the detected intent, the corresponding logic is executed.
The system then generates responses using text-to-speech
and displays relevant information on the LCD. User
interactions are logged for progress tracking and analysis.

SYSTEM IMPLEMENTATION
The system is implemented using Python on a Raspberry
Pi platform. Speech recognition and text-to-speech
functionalities are handled using Python libraries. The
LCD display is controlled through GPIO and I2C
interfaces. The modular implementation includes separate
modules for voice input, intent detection, explanation
generation, code execution, quizzes, display handling,
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and logging. This approach simplifies testing and allows
future enhancements.

PERFORMANCE EVALUATION

Performance evaluation was conducted to assess system
efficiency, accuracy, and stability. The system
demonstrated quick response time for voice commands
and maintained high speech recognition accuracy under
normal conditions. Program execution was reliable, and
the system remained stable during continuous usage. The
evaluation confirms that the system performs effectively
on embedded hardware for educational applications.

RESULTS AND DISCUSSION

The system successfully handled user voice commands,
explained programming concepts, executed Python
programs, and conducted quizzes. Visual and voice
outputs improved learner understanding and engagement.
The results show that the proposed tutor provides
effective learning assistance and enhances the overall
educational experience.

CONCLUSION AND FUTURE SCOPE

The Voice-Enabled Intelligent Robot Tutor for Education
successfully demonstrates how artificial intelligence,
speech processing, and embedded systems can be
combined to create an interactive learning platform. The
system  provides real-time assistance, reliable
performance, and improved engagement for beginner-
level programming education.
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Future enhancements may include support for additional
programming languages, multilingual voice interaction,
cloud integration for advanced analytics, adaptive
learning using Al, and expansion into subjects such as
mathematics and science.
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