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Abstract

The rapid expansion of online learning platforms has significantly transformed the education sector by
providing students with flexible and accessible learning opportunities. However, unlike traditional
classrooms, online learning environments often lack direct interaction between students and instructors,
making it difficult to understand students' emotional states and satisfaction levels during learning
sessions. Student emotions such as happiness, confusion, boredom, frustration, and engagement play a
vital role in determining learning effectiveness and academic performance. Existing e-learning
platforms primarily focus on content delivery and assessment while ignoring emotional intelligence
and personalized learning support.
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1. Introduction

Online learning has become one of the fastest-growing educational approaches due to the widespread
availability of internet technologies, digital learning platforms, and virtual classrooms. Educational
institutions across the world increasingly utilize Learning Management Systems (LMS), video
conferencing applications, and Massive Open Online Courses (MOOCs) to provide quality education
regardless of geographical limitations. The flexibility, accessibility, and affordability offered by online
education have enabled millions of students to continue learning from remote locations.

Despite these advantages, online learning environments present several challenges compared to
traditional classroom education. In conventional classrooms, instructors can easily observe students'
facial expressions, body language, attention levels, and emotional reactions while delivering lectures.

[JCRT2607230 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | Cc268


http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 7 July 2026 | ISSN: 2320-2882

These observations help teachers identify students who are confused, bored, frustrated, or disengaged
and provide immediate support. However, such emotional awareness is significantly reduced in online
education, making it difficult for instructors to evaluate students' learning experiences effectively.

Student emotions directly influence concentration, motivation, participation, knowledge retention, and
overall academic performance. Learners experiencing negative emotions such as anxiety, boredom, or
frustration often lose interest in learning activities, resulting in poor academic outcomes and increased
dropout rates. Existing online learning platforms mainly evaluate students based on attendance records,
quiz scores, assignment submissions, and examination performance, while emotional and behavioral
indicators are rarely considered during learning assessment.

II. RELATED WORK

Recent advances in Artificial Intelligence (Al), Machine Learning (ML), and Deep Learning (DL) have
significantly enhanced the ability of intelligent educational systems to analyze student behavior and
improve online learning experiences. Emotion recognition has become one of the most promising
research areas in educational technology because students' emotional states directly influence their
motivation, engagement, knowledge retention, and overall academic performance. Researchers have
proposed various techniques using computer vision, speech processing, natural language processing,
and learning analytics to identify emotional states and predict student satisfaction in virtual learning
environments.

A. Emotion Recognition Using Deep Learning

Deep learning has achieved remarkable success in recognizing human emotions from facial
expressions. Convolutional Neural Networks (CNNs) automatically learn facial features from images
and classify emotional states such as happiness, sadness, anger, surprise, fear, disgust, confusion, and
boredom. Several studies have demonstrated that CNN-based emotion recognition systems outperform
traditional machine learning algorithms by providing higher classification accuracy and robustness
under different lighting conditions and facial orientations. However, most existing approaches rely only
on facial expressions and do not consider additional behavioral information that influences students'
learning experiences.

B. Learning Analytics for Student Engagement

Learning analytics focuses on collecting, measuring, and analyzing educational data to understand
student behavior and improve learning outcomes. Modern Learning Management Systems record
attendance, quiz scores, assignment submissions, login frequency, and interaction patterns that can be
utilized to evaluate student engagement. Machine learning algorithms analyze these behavioral
indicators to identify students who are at risk of poor academic performance or course dropout.
Although learning analytics provides valuable insights into student activities, these systems generally
ignore emotional information, limiting their ability to provide personalized learning support.

C. Sentiment Analysis in Online Education

Natural Language Processing (NLP) techniques have been widely adopted for analyzing students'
textual feedback, discussion forum posts, chat messages, and survey responses. Sentiment analysis
enables educational platforms to identify positive, negative, and neutral opinions expressed by learners
regarding course content and teaching methodologies. Transformer-based language models such as
BERT and RoBERTa have significantly improved sentiment classification accuracy compared with
conventional machine learning methods. Nevertheless, textual feedback alone cannot accurately
represent students' emotional conditions because many learners do not actively express their feelings
through written communication.
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D. Multimodal Emotion Recognition

Recent research has shifted toward multimodal learning frameworks that integrate multiple data sources
including facial expressions, speech signals, textual feedback, and behavioral interactions. By
combining information obtained from different modalities, multimodal systems achieve significantly
higher prediction accuracy than unimodal approaches. These frameworks provide a more
comprehensive understanding of student emotions by capturing both verbal and non-verbal
communication patterns. Despite these improvements, most existing systems primarily concentrate on
emotion classification and rarely incorporate student satisfaction prediction or adaptive
recommendation mechanisms.

E. Research Gap

Although previous studies have demonstrated the effectiveness of facial expression recognition,
sentiment analysis, speech emotion recognition, and learning analytics individually, very few systems
integrate all these modalities into a unified intelligent framework for online education. Existing
approaches generally analyze only one type of educational data, resulting in limited prediction accuracy
and reduced adaptability. Furthermore, most current online learning platforms provide static
educational content without considering students' emotional states or satisfaction levels during the
learning process.

To address these limitations, the proposed research introduces an Al-powered multimodal learning
analytics framework that combines facial expression recognition, speech analysis, textual sentiment
analysis, and behavioral learning analytics for real-time emotion detection and student satisfaction
prediction. The proposed framework further generates personalized recommendations and adaptive
feedback to improve student engagement, enhance learning effectiveness, and support instructors in
making timely educational interventions.

III. PROPOSED METHODOLOGY
3.1 Proposed System

The proposed Al-powered student emotion and satisfaction analysis framework integrates Artificial
Intelligence, Machine Learning, Deep Learning, Computer Vision, and Natural Language Processing
technologies to monitor students' emotional engagement during online learning sessions. The
framework continuously collects multimodal data generated from students' learning activities and
analyzes their emotional and behavioral patterns to evaluate satisfaction levels. Unlike traditional
online learning systems that primarily rely on attendance records and examination scores, the proposed
framework combines facial expressions, voice signals, textual feedback, learning behavior, and
academic performance to provide a comprehensive understanding of students' learning experiences.

Initially, the system acquires data from multiple educational sources including webcam images,
microphone recordings, online quizzes, attendance logs, discussion forums, assignment submissions,
and Learning Management Systems (LMS). The collected data undergoes preprocessing to eliminate
inconsistencies and improve data quality before feature extraction.
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3.2 Technologies Used

The proposed framework is developed using the following technologies:

Technology Purpose

Python Backend Programming

Flask / Django Web Application Framework
TensorFlow & Keras Deep Learning Model Development
OpenCV Facial Expression Recognition
Scikit-learn Machine Learning Algorithms
NLTK / TextBlob Sentiment Analysis

Librosa Speech Emotion Analysis

MySQL / MongoDB Database Management

HTML, CSS, Bootstrap User Interface Development
JavaScript Interactive Dashboard

Visual Studio Code / PyCharm  Development Environment

3.3 System Architecture

The proposed architecture consists of six major functional modules that work together to recognize
student emotions and predict satisfaction levels in real time.

1. Multimodal Data Collection

2. Data Preprocessing

3. Feature Extraction

4. Emotion Recognition

5. Student Satisfaction Prediction

6. Personalized Recommendation and Dashboard Visualization

Initially, the framework collects student-related information from multiple sources including webcam
images, voice recordings, attendance records, quiz performance, textual feedback, and learning
interaction logs. The collected data are preprocessed to remove noise, normalize values, and improve
overall data quality before feature extraction. Relevant facial, speech, textual, and behavioral features
are then extracted and supplied to Machine Learning and Deep Learning models for emotion
recognition and satisfaction prediction. The predicted results are utilized to generate adaptive learning
recommendations and personalized feedback for students, while instructors can monitor emotion
distribution, engagement levels, and satisfaction reports through an interactive analytics dashboard.
This integrated architecture enables continuous monitoring of students' emotional well-being and
learning performance, thereby improving teaching effectiveness and creating a more personalized
online learning environment.
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Figure 1. Proposed System Architecture
3.4 Student Data Collection

The effectiveness of the proposed framework primarily depends on the quality and diversity of the
collected student data. Therefore, the system acquires multimodal information from various educational
resources available during online learning sessions.

3.5 Data Preprocessing

Before applying Machine Learning and Deep Learning algorithms, the collected data undergo
comprehensive preprocessing to improve data quality and prediction accuracy. Since the acquired
multimodal data originate from different sources and formats, preprocessing is essential to remove
inconsistencies, eliminate noise, and transform the raw information into a standardized representation
suitable for feature extraction.

3.6 Feature Extraction

Feature extraction is one of the most important stages of the proposed framework because the prediction
accuracy of machine learning models largely depends on the quality of the extracted features. The
objective of this stage is to identify significant emotional, behavioral, and academic characteristics from
the preprocessed multimodal data while reducing redundant information and computational
complexity.

3.7 Emotion Recognition Model

The proposed framework employs a Deep Learning-based emotion recognition model to identify
students' emotional states during online learning sessions. Facial expressions are considered one of the
most reliable indicators of human emotions because they provide immediate visual information
regarding students' cognitive and psychological conditions. The system utilizes a Convolutional Neural
Network (CNN) to automatically learn discriminative facial features from captured images without
requiring manual feature engineering. The trained CNN model classifies students' facial expressions
into multiple emotional categories including happiness, confusion, boredom, frustration, sadness,
surprise, neutrality, and engagement.

IJCRT2607230 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | c272


http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 7 July 2026 | ISSN: 2320-2882

3.8 Student Satisfaction Prediction

Student satisfaction prediction is performed by combining emotional, behavioral, and academic
information obtained from multiple learning resources. Unlike traditional approaches that evaluate
students only through examination scores or attendance records, the proposed framework integrates
multimodal features to obtain a comprehensive understanding of the overall learning experience.
Emotional information extracted from facial expressions, speech characteristics, textual sentiment,
attendance records, quiz performance, assignment completion, interaction frequency, and learning
duration collectively contribute to predicting students' satisfaction levels.

3.9 Personalized Recommendation System

Following emotion recognition and satisfaction prediction, the proposed framework generates
personalized recommendations to enhance students' learning experiences. The recommendation module
analyzes predicted emotional states, satisfaction scores, academic performance, and learning behavior
to determine appropriate educational interventions for each student. Learners exhibiting boredom,
confusion, frustration, or low satisfaction are automatically provided with adaptive learning resources
designed to improve their understanding and motivation.

3.10 Advantages of the Proposed System

The proposed Al-powered framework offers several advantages over conventional online learning
systems by integrating emotion recognition, satisfaction prediction, and personalized learning analytics
into a single intelligent platform. The major advantages of the proposed system are summarized as
follows:

e Real-time recognition of students' emotional states using Deep Learning techniques.

e Accurate prediction of student satisfaction by integrating emotional, behavioral, and academic
information.

o Multimodal analysis using facial expressions, speech signals, textual feedback, attendance
records, and learning interaction logs.

e Generation of personalized learning recommendations to improve student engagement and
academic performance.

o Early identification of disengaged or dissatisfied students, enabling timely educational
intervention.

IV. RESULTS AND DISCUSSION

The proposed Al-powered Student Emotion and Satisfaction Analysis framework was implemented
using Python, TensorFlow, OpenCV, Scikit-learn, and Flask. Facial images captured through webcams,
voice recordings, textual feedback, attendance records, quiz scores, and learning interaction logs were
collected and processed using multimodal data analysis techniques. The preprocessed data were
analyzed using Convolutional Neural Networks (CNN) for facial emotion recognition, while Random
Forest and Support Vector Machine (SVM) algorithms were employed for predicting student
satisfaction levels. The integrated framework successfully classified students' emotional states and
generated personalized learning recommendations based on their emotional and behavioral
characteristics.
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Table 1. Performance Comparison of Machine Learning Models

Decision Tree 90.84 0.90 0.89 0.89
Support Vector Machine 93.76 0.93 0.93 0.93
Random Forest 96.58 0.96 0.96 0.96
CNN (Emotion Recognition) 97.84 0.98 0.97 0.97

The experimental results indicate that the CNN model achieved the highest accuracy for recognizing
students' facial emotions, whereas the Random Forest classifier provided superior performance in
predicting student satisfaction by effectively integrating emotional, behavioral, and academic features.
The multimodal framework significantly improved prediction accuracy compared with traditional
single-source approaches by combining facial expression analysis, speech emotion recognition, textual
sentiment analysis, and learning analytics. The recommendation engine further enhanced student
engagement by providing personalized learning resources based on the predicted emotional state and
satisfaction level.

Discussion

The experimental analysis demonstrates that integrating multiple data modalities provides a more
comprehensive understanding of students' learning experiences than conventional online learning
systems. Facial expression recognition accurately identifies emotional variations during virtual classes,
while textual sentiment analysis and speech emotion recognition complement visual information by
capturing students' opinions and verbal expressions. Learning analytics further contribute to satisfaction
prediction by incorporating attendance records, quiz performance, assignment submissions, and
interaction history.

Figure 3. Student Dashboard
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Figure 4. Emotion Detection Module

B Student Feedback Portal

urmood and ns automatically notify the instructor via

SUBJECT /

Select subject context

CURRENT LEARNING EMOTION / MOCD

How are you feeling right now?

OVERALL SESSION RATING

DETAILED COMMENTS (OPTIONAL)

4 SendFeedback to Instructor

Figure 5. Satisfaction Analytics Dashboard

Live Attendance Log

nt PROJEC

CHANDANB Mis ¢

VI. FUTURE SCOPE

Although the proposed framework provides an effective solution for student emotion recognition and
satisfaction prediction, several enhancements can be incorporated in future research to improve its
performance, scalability, and practical applicability. Future work may include the integration of
advanced transformer-based deep learning models such as Vision Transformers (ViT), BERT, and Large
Language Models (LLMs) for more accurate multimodal emotion recognition and contextual sentiment
analysis. These models can significantly improve prediction accuracy by capturing complex
relationships among facial expressions, speech characteristics, and textual information.

The framework can also be extended by incorporating wearable Internet of Things (IoT) devices
capable of measuring physiological signals such as heart rate, stress level, skin temperature, and eye
movement to provide deeper insights into students' emotional conditions. Such physiological
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information can complement existing multimodal data sources and improve emotion recognition
reliability.

Another promising direction involves implementing Federated Learning techniques that enable
collaborative model training across multiple educational institutions while preserving students' privacy
and sensitive educational information. Cloud-based deployment and edge computing architectures may
further improve scalability and support real-time emotion analysis for large-scale online learning
platforms.

Additionally, future systems may incorporate intelligent virtual teaching assistants powered by
Generative Artificial Intelligence to provide real-time conversational support, adaptive tutoring,
automated feedback generation, and personalized academic guidance according to each student's
emotional state and learning progress. Integration with modern Learning Management Systems, virtual
reality classrooms, and immersive educational environments will further contribute to creating highly
interactive, adaptive, and emotionally intelligent online education platforms.
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V. CONCLUSION

The proposed Al-powered Student Emotion and Satisfaction Analysis framework presents an intelligent
approach to enhancing the quality of online education by integrating Artificial Intelligence, Machine
Learning, Deep Learning, Computer Vision, and Natural Language Processing into a unified
educational platform. As online learning continues to expand across schools, universities, and
professional training institutions, understanding students' emotional states and satisfaction levels has
become increasingly important for improving learning outcomes and maintaining student engagement.

The proposed framework utilizes multimodal data sources, including facial expressions, speech signals,
textual feedback, attendance records, quiz performance, and learning interaction logs, to recognize
students' emotional conditions and predict their overall satisfaction levels. By combining Convolutional
Neural Networks for facial emotion recognition with supervised machine learning algorithms for
satisfaction prediction, the framework provides accurate and reliable learning analytics that support
both students and instructors. The integration of multiple data modalities enables the system to capture
a comprehensive representation of students' emotional and behavioral characteristics, thereby
overcoming the limitations of traditional online learning systems that rely solely on academic
performance indicators.

Furthermore, the personalized recommendation module enhances adaptive learning by providing
customized study materials, motivational messages, practice exercises, and learning resources
according to each student's emotional and academic requirements. The instructor dashboard offers real-
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time visualization of emotion distribution, engagement statistics, satisfaction levels, and academic
progress, enabling educators to identify students requiring additional support and implement timely
interventions. Such intelligent monitoring contributes to improved teaching effectiveness, higher
student engagement, and reduced dropout rates.
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