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ABSTRACT

With the growing emphasis on enhancing educational quality
and engagement, traditional classroom monitoring methods
fall short due to their subjectivity, inconsistency, and limited
scalability. This project introduces an Al-supported
intelligent classroom monitoring system that automates the
evaluation of student attentiveness, instructor activity, and
attendance. The system leverages classroom video feeds,
processed using Convolutional Neural Networks (CNN) for
activity detection and FaceNet for facial recognition and
identification. A real-time dashboard interface provides
visual analytics, supporting educators in making informed
decisions. Trained on a custom dataset of over 10,000
labeled images, the model achieved more than 95%
classification accuracy. The solution demonstrates the
potential of Al to foster data-driven, transparent, and
engaging learning environments that improve academic

outcomes and institutional efficiency.
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1. INTRODUCTION

Ensuring classroom engagement and discipline is
vital for quality education, yet traditional
methods—especially in large classes—struggle
with consistency, accuracy, and scalability. Manual
observation is prone to fatigue, bias, and missed
behavioral cues, leading to ineffective monitoring

of student participation and attention.
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With the rise of digital learning environments,
artificial intelligence (Al) and computer vision
have emerged as transformative tools in education.
These technologies enable real-time analysis,
automate routine tasks, and provide actionable
insights to enhance teaching and learning. One
such application is Al-powered classroom

monitoring.

This paper presents a deep learning-based system
that uses computer vision to assess student
engagement through facial expression, eye gaze,
and posture analysis. It also monitors instructor
activity and automates attendance via facial
recognition, reducing time-consuming roll calls

and eliminating proxy attendance.

Powered by CNNs, LSTMs, and object detection
models, the system 1is highly accurate and
adaptable. It supports cloud-based deployment and
integrates with existing infrastructure, making it

suitable for diverse educational settings.

By combining automation with real-time analytics,
the system empowers educators to deliver more
personalized, data-driven instruction. It offers a
scalable and intelligent alternative to manual
classroom monitoring, promoting more responsive

and effective learning environments.
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2. LITERATURE SURVEY:

Student Class Behavior Dataset: A Video
Dataset for Recognizing, Detecting, and
Captioning Students’ Behaviors in Classroom
Scenes — Sun, B.; Wu, Y.; Zhao, K.; He, J.; Yu, L.;
Yan, H.; Luo, A. This study presents a
comprehensive  video dataset designed to

recognize, detect, and generate captions for student

behaviors in classroom environments.

Student Engagement and Student Learning:
Testing the Linkages — Carini, R.M.; Kuh, G.D.;
Klein, S.P.

This research investigates the relationship between
student engagement and learning outcomes in
higher education. It emphasizes the importance of
active participation, classroom involvement, and
student-teacher interactions as key indicators of

academic success.

Attention Recognition System in Online
Learning Platform Using EEG Signals — Gupta,
S.; Kumar P.

This paper introduces an attention recognition
system based on EEG (Electroencephalography)
signals to evaluate student concentration levels in
online learning environments.

Review on A Big Data-Based Innovative
Knowledge Teaching Evaluation System in
Universities — Xin, X.; Shu-Jiang, Y.; Nan, P;
ChenXu, D.; Dan, L. This paper reviews a big
data-driven approach to teaching evaluation in
universities, focusing on the integration of data
analytics and artificial intelligence in academic

assessments.
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Facing Radical Digitalization: Capturing
Teachers’ Transition to Virtual Classrooms
Through Ideal Type Experiences — Willermark,
Gellerstedt

This study examines the challenges and
adaptations teachers face during the transition from
traditional to virtual classrooms. The research
categorizes different teacher experiences into

"ideal types" to wunderstand their coping

mechanisms with digitalization.

How Smart Are Smart Classrooms? A Review
of Smart Classroom Technologies — Saini, M.K.;
Goel, N.

This paper provides a comprehensive review of
smart  classroom  technologies and  their

effectiveness in enhancing student learning.

The Effect of Using Kahoot! For Learning—A
Literature Review — Wang, A.L; Tahir, R.

This paper reviews the impact of Kahoot !, a game-
based learning platform, on student engagement
and academic performance. The study compiles
findings from various research papers to evaluate
how gamification influences motivation and

knowledge retention.

Using Augmented Reality to Stimulate Students
and Diffuse Escape Game Activities to Larger
Audiences — Estudante, A.; Dietrich, N.

This research explores the use of augmented reality
(AR) in education to enhance student engagement
through interactive learning experiences. The study
focuses on how AR-based escape games can create
immersive and motivating environments for

students.
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Mapping Research in Student Engagement and
Educational Technology in Higher Education: A
Systematic Evidence Map — Bond, M.; Buntins, K.;
Bedenlier, S.; Zawacki-Richter, O.; Kerres

This paper provides a systematic review of
research on student engagement and educational
technology in higher education. It categorizes
various studies based on methodologies,
technologies, and engagement strategies used in
modern learning environments.

3. PROPOSED SYSTEM

The proposed system is an Al-powered classroom
monitoring solution that uses deep learning and
computer vision to analyze real-time classroom
activities with minimal human involvement. It
automates student engagement detection, instructor
tracking, and attendance marking using advanced
neural network models.

Key Features:

e Live Video Input: Captures real-time feeds
via fixed classroom cameras.

e Face Detection & Recognition: Uses
MTCNN and FaceNet to identify students
and automate attendance.

o Engagement Analysis: Evaluates attention
levels using CNN-based facial expression,
eye movement, and posture analysis.

e Instructor Monitoring: Tracks instructor

presence and movement throughout the

o Alert System: Sends automated
notifications for issues like low engagement

or high absenteeism.

Workflow:
1. Camera captures live video.
2. Frames are extracted and preprocessed.
3. Face recognition marks attendance.
4. Engagement is analyzed using CNN
models.
5. Instructor presence is verified.
6. Results are displayed on the dashboard and

stored in the database.

v '} - .
— Database

4. RESULT AND DISCUSSION
The intelligent classroom monitoring system was

tested using a dataset of 10,000+ images and
multiple recorded classroom sessions. Results
demonstrate that the system performs with a high

degree of accuracy, even in real-time environment.

session. & &

« Web Dashboard: Displays live data on .. . ) i r ﬁi'__ I
attendance, engagement, and alerts via a - oD . & ;
user-friendly interface. - "—M,. .,J. ---------- = :

o Database Integration: Stores student - L e
details, attendance logs, and engagement
metrics using PostgreSQL.
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Face Recognition Module: Achieved an accuracy
of 97.6% in identifying students correctly under
varying lighting and background conditions. The oo
model maintained high precision (0.96) and recall
(0.95), proving reliable for automated attendance

marking.

Engagement Detection Model: The CNN model

classified engagement levels (engaged, neutral,

distracted) with 95.2% accuracy. The F1-score was

0.95, indicating a good balance between precision

) 21564 [ o=}
and recall. Even with minor occlusions (e.g., face
. . L Mt Robaf
partially turned), the model showed resilience due
. . Jowagrs Sevedt e Eavaliunea 2184 Nammi < Hsbih 0 et bt
to effective data augmentation.
Sy e pp—
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Performance Metrics:

Inference time: <100 ms per frame (real-time)

Database write latency: negligible (<5 ms)

Dashboard refresh interval: every 2 seconds
Instructor Presence Tracking: The system

accurately logged instructor activity in 98.1% of
frames. It detected periods of absence (e.g., when S AT NS

Arwtar e ey WL

the instructor left the classroom) and displayed
alerts on the dashboard.

Dashboard  Utility:  Users (faculty and l l

Arwwtsess Betow 07,

administrators) found the dashboard intuitive. Key

features such as real-time alerts, engagement
visualizations, and attendance reports enabled
proactive  teaching adjustments. Color-coded
indicators made it easy to interpret student

behavior at a glance.
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Al-Based Student Monitoring

Limitations Observed:

Reduced accuracy in very low light or backlit

SCEncs.

Difficulty detecting faces with masks or covered
features.
Slight increase in false positives during high-

motion group activities (e.g., active discussion).

5. CONCLUSION
The Al-based classroom monitoring system

developed in this research marks a significant step
forward in educational technology. By integrating
deep learning for face recognition and engagement
analysis, it offers real-time, automated solutions

for tracking attendance and student participation.

High accuracy metrics validate its effectiveness in
real-world classrooms, while the user-friendly
dashboard enables timely interventions by
educators. Despite minor limitations like lighting

sensitivity, the system proves reliable and efficient.

Beyond reducing manual workload, it supports
data-driven teaching and personalized learning.
With future enhancements such as speech

recognition and edge deployment, this solution
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holds strong potential for transforming smart

education environments.
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6. FUTURE ENHANCEMENTS
To improve the system's performance and

flexibility, future enhancements include adding
audio-based engagement detection, integrating
multimodal inputs (audio, text, facial cues), and
deploying models on edge devices for real-time
processing. A mobile app can offer instant alerts
and insights, while speech and gesture recognition
can enhance interaction analysis. Privacy can be
ensured through federated learning, and LMS
integration will streamline grading and feedback.
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