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Abstract: The proliferation of online learning platforms has redefined modern education,
offering flexibility and accessibility to students worldwide. However, the lack of direct
instructor-student interaction poses significant challenges in monitoring student engagement
and emotional well-being, which are critical factors influencing learning outcomes. This
research proposes an Emotion Detection System for Online Learning, designed to
automatically recognize students’ emotions in real time using facial expression analysis, voice
tone detection, and behavioral interaction patterns. By employing advanced machine learning
algorithms such as Convolutional Neural Networks (CNN) and Support Vector Machines
(SVM), combined with data preprocessing and feature extraction techniques, the system

achieves high accuracy in identifying key emotional states including happiness, sadness, anger,
surprise, and neutral moods.

Experimental results demonstrate the effectiveness of the proposed methodology, highlighting
its potential to transform conventional online education into a more interactive, responsive,
and emotionally aware learning environment. This study underscores the significance of
emotion-aware technologies as a critical component for the next generation of intelligent
educational systems.
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ILINTRODUCTION

The rapid growth of digital education and online learning platforms has revolutionized the way knowledge is
delivered and acquired. With the increasing reliance on virtual classrooms, students now have the flexibility to learn anytime
and anywhere. However, this shift from traditional face-to-face learning to online environments introduces significant
challenges, particularly in monitoring student engagement and understanding their emotional states. Emotions such as
happiness, boredom, frustration, or confusion play a crucial role in the learning process, affecting comprehension, attention,
motivation, and overall academic performance.

Traditional online learning platforms lack the capability to automatically detect and respond to students’ emotions,
often resulting in decreased engagement and learning effectiveness. This limitation motivates the development of emotion-
aware learning systems, which can bridge the gap between instructors and students by providing real-time insights into
learners’ emotional conditions. Emotion detection systems utilize machine learning, computer vision, and audio analysis
techniques to automatically recognize emotional cues from facial expressions, voice intonation, and interaction behaviors
during online classes.

11LOBJECTIVE AND GOALS
A. (i) Main Objectives:
Automatic Emotion Recognition: Develop a system capable of detecting students’ emotional states in real-time during
online learning sessions.
Multimodal Analysis: Integrate facial expression, speech, and behavioral interaction data to enhance emotion detection
accuracy.
Real-Time Feedback: Provide instructors with live dashboards and alerts to monitor students’ engagement and emotional
well-being.
Adaptive Learning Support: Enable personalized interventions and adaptive teaching strategies based on detected emotions
to improve learning outcomes.
Performance Evaluation: Measure the system’s effectiveness using accuracy, precision, recall, F1-score, and latency
metrics to ensure reliability in real-time environments.
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B. (ii) Goals:

Enhance student engagement and motivation in online learning.

Reduce learning gaps caused by emotional disengagement or frustration.

Improve instructor awareness of students’ emotional states without requiring manual observation.
Establish a scalable framework that can be integrated into existing Learning Management Systems (LMS).

111.PROJECT OVERVIEW
The proposed project focuses on developing an Emotion Detection System for Online Learning to monitor and
analyze students’ emotional states in real-time. The system leverages multimodal inputs including facial expressions, audio
signals, and interaction behavior to provide accurate emotion recognition and actionable insights for instructors.

A. (i) Dataset Used
FER-2013 (Facial Expression Recognition 2013):
Contains 35,887 labeled grayscale images of faces categorized into seven emotions: anger, disgust, fear, happiness,
sadness, surprise, and neutral.
Widely used for training and evaluating facial expression recognition models.

RAVDESS (Ryerson Audio-Visual Database of Emotional Speech and Song):

Consists of 1,440 recordings from 24 professional actors expressing eight emotions (neutral, calm, happy, sad,
angry, and fearful, disgust, and surprised) through speech and song.
Useful for training audio-based emotion recognition models.

Custom Interaction Data:

Captured from online learning platforms to record student engagement patterns, including typing speed, mouse
clicks, and response times.
Enhances the system’s ability to evaluate behavioral cues alongside facial and audio data.

B. (ii) Tools and Technology

Programming Languages and Libraries:

e Python for system development.

e OpenCV for real-time image processing and facial feature detection.

e TensorFlow/Keras for building CNN, RNN, and LSTM-based emotion recognition models.
e Librosa for audio feature extraction and preprocessing.

Machine Learning Techniques:

e Convolutional Neural Networks (CNN): For facial emotion recognition.

o Recurrent Neural Networks (RNN) / LSTM: For speech-based emotion detection.

¢ Multimodal Fusion Techniques: Ensemble or decision-level fusion to combine facial, audio, and behavioral features
for higher accuracy.

Hardware:
e Webcam and microphone for real-time data capture.
e GPU-enabled computer for faster processing and real-time inference.

Online Learning Platforms:

Integration with platforms like Zoom, Microsoft Teams, or Moodle to capture video, audio, and interaction data in live
online sessions.

This project combines these datasets, tools, and technologies to create a robust emotion-aware online learning
environment, enhancing engagement and academic performance.
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IV.LITERATURE SURVEY
Emotion detection has emerged as a vital research area in human-computer interaction and online learning
environments. Various studies have explored techniques for identifying and analyzing human emotions to improve user
experience and engagement.

Facial Expression-Based Emotion Detection: Facial expressions are one of the most prominent indicators of emotions.
Ekman and Friesen (1978) identified six universal emotions—happiness, sadness, anger, fear, disgust, and surprise—
expressed through facial movements. Recent research has applied Convolutional Neural Networks (CNNs) and deep learning
models to automatically extract facial features and classify emotional states with high accuracy. For instance, Li et al. (2020)
demonstrated a CNN-based system capable of recognizing emotions in real-time video streams, achieving over 90% accuracy
in controlled environments.

Speech and Audio-Based Emotion Recognition: Apart from facial expressions, voice modulation and speech patterns
provide valuable cues about emotional states. Techniques such as Mel-Frequency Cepstral Coefficients (MFCC) and
Recurrent Neural Networks (RNNs) have been used to detect emotions like excitement, frustration, or boredom in learners.
Research by Zhang et al. (2019) highlighted that combining audio-based emotion detection with facial recognition improves
overall system performance, especially in online learning contexts where students may not always be in front of the camera.

Multimodal Emotion Detection: Combining multiple modalities—facial expressions, speech, and behavioral interaction
data—has shown significant improvements in emotion recognition accuracy. Multimodal approaches leverage
complementary information from different sources, making emotion detection more robust in real-world online learning
environments. Studies by Poria et al. (2017) demonstrated that multimodal fusion can overcome limitations of single-
modality systems, effectively capturing complex emotional states.

Applications in Online Learning: Emotion detection systems have been applied in e-learning platforms to monitor student
engagement, personalize instruction, and provide adaptive feedback. Research by D’Mello and Graesser (2012) emphasized
that identifying students’ emotions during learning tasks helps instructors intervene in real-time, improving motivation and
learning outcomes. More recent studies integrate Al-powered emotion recognition with Learning Management Systems
(LMS), allowing automated feedback and emotional analytics for educators.

Gaps ldentified: While existing literature demonstrates the potential of emotion detection in education, challenges remain
in real-time implementation, dataset diversity, and adaptability to various learning environments. Many systems are limited
to controlled datasets and fail to account for cultural, environmental, or contextual factors that affect emotional expression.

This research aims to address these challenges by developing a real-time, multimodal emotion detection system
tailored for online learning, combining facial, audio, and interaction-based features to enhance engagement and learning
effectiveness.

V.METHODOLOGY
The proposed Emotion Detection System for Online Learning aims to identify students’ emotional states in real-
time and provide actionable insights for instructors. The methodology combines facial expression analysis, speech emotion
recognition, and interaction behavior tracking to achieve robust and accurate emotion detection. The following steps outline
the approach:

3.1 Data Collection
Data is collected from multiple sources to capture the emotional state of students:
Facial expressions: Using webcam feeds during online classes.
Speech/audio: Captured from microphone input while students participate in discussions or answer questions.
Interaction behavior: Mouse clicks, typing patterns, and response times recorded from the learning platform.
Publicly available datasets like FER-2013 (Facial Expression Recognition) and RAVDESS (Ryerson Audio-Visual
Database of Emotional Speech and Song) can be used for training, supplemented by custom data collected from the target
learning environment.

3.2 Data Preprocessing

Raw data undergoes preprocessing to improve accuracy and reliability:

Facial images: Resizing, normalization, and face alignment using OpenCV or Dlib.

Audio data: Noise removal, silence trimming, and feature extraction (MFCC, pitch, energy).

Interaction data: Standardization of features such as click frequency, typing speed, and response latency.

3.3 Feature Extraction
Relevant features are extracted from each modality:
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Facial features: Facial landmarks, eye movement, and mouth shape using CNN-based models.
Audio features: MFCC, spectral centroid, zero-crossing rate, and energy.
Behavioural features: Engagement scores derived from interaction patterns and response times.

3.4 Emotion Classification

Extracted features are fed into machine learning and deep learning models to classify emotions:

Facial expression: Convolutional Neural Networks (CNN) for image-based emotion recognition.

Audio emotion: Recurrent Neural Networks (RNN) or Long Short-Term Memory (LSTM) models for speech analysis.
Multimodal fusion: Integration of facial, audio, and behavioral features using ensemble methods or decision-level fusion to
improve overall accuracy.
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3.5 Real-Time Monitoring and Feedback

The system provides real-time emotion monitoring during online classes:

Alerts instructors about disengaged or frustrated students.

Generates dashboards and analytics reports showing class-wide emotional trends.

Enables adaptive interventions, such as personalized content or engagement strategies, to improve learning outcomes.

3.6 System Evaluation

The performance of the system is evaluated using standard metrics:

Accuracy, Precision, Recall, F1-Score for classification performance.

Real-time responsiveness to ensure minimal latency during online sessions.

User satisfaction surveys to validate practical effectiveness in enhancing engagement.

A. Steps Taken to Achieve the Project Goals
To successfully implement the Emotion Detection System for Online Learning, the following systematic steps were
undertaken:

Step 1: Requirement Analysis

Identify the key objectives of the system, including real-time emotion detection, multimodal analysis, and instructor
feedback.
Analyze existing online learning platforms to determine integration feasibility.

Step 2: Dataset Selection and Preparation

Select standard datasets: FER-2013 for facial expressions and RAVDESS for audio-based emotion recognition.

Collect custom interaction data from online learning platforms, including typing speed, mouse clicks, and response times.
Preprocess datasets by normalizing images, removing audio noise, and standardizing behavioral features.

Step 3: Feature Extraction
Extract facial features such as eye movement, mouth shape, and facial landmarks using OpenCV and CNN
preprocessing techniques.
Extract audio features such as MFCC, pitch, energy, and spectral characteristics using Librosa.
Quantify behavioral features from interaction data to assess engagement levels.

Step 4: Model Development
Train CNN models for facial emotion recognition.
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Train RNN/LSTM models for speech-based emotion recognition.
Apply multimodal fusion techniques to combine predictions from facial, audio, and behavioral models for higher accuracy.

Step 5: System Integration
Integrate the trained models into the online learning environment for real-time monitoring.
Develop dashboards and alerts for instructors to view students’ emotional states and engagement levels.

Step 6: Testing and Validation

Test the system on unseen data to evaluate performance metrics such as accuracy, precision, recall, and F1-score.
Conduct real-time testing in online classes to validate system responsiveness and reliability.

Collect feedback from instructors and students for usability improvements.

Step 7: Deployment and Evaluation

Deploy the system for live online sessions.

Continuously monitor system performance and update models with new data to improve emotion recognition accuracy.
Analyze post-class reports to measure the impact on student engagement and learning outcomes.

Step 8: Documentation and Reporting
Document the system architecture, methodology, and performance results.
Prepare IEEE-format reports, including diagrams, charts, and tables, to summarize findings and contributions.

VI.DATA COLLECTION
Data collection is a crucial phase in developing the Emotion Detection System, as the quality and diversity of data
directly influence the accuracy and robustness of the model. The system collects multimodal data to analyze students’
emotional states comprehensively.

Sources of Data

Facial Expression Data:

e Captured using webcams during live online classes or recorded sessions.

o Images are extracted frame by frame for real-time analysis.

o Public datasets such as FER-2013 provide labeled images for training the facial recognition model.

Audio Data:

e Collected from students’ microphone input during online discussions or verbal responses.
e Speech signals include tone, pitch, and intensity variations indicative of emotional states.
o RAVDESS dataset is used for model training and validation.

Interaction/Behavioral Data:
o Mouse clicks, typing patterns, and response times are monitored during online learning activities.
e This data provides insight into engagement and attention levels.

Data Preprocessing

Image Data: Faces are detected, aligned, normalized, and resized to a standard input size for CNN models.

Audio Data: Noise reduction, silence trimming, and feature extraction (MFCC, spectral features) are performed for
RNN/LSTM models.

Behavioral Data: Interaction features are standardized and quantified to produce engagement scores.

Data Annotation and Labeling

o Facial and audio datasets are pre-labeled with emotion categories such as happiness, sadness, anger, surprise, fear, disgust,
and neutral.

o Behavioral data is mapped to engagement levels (high, medium, low) based on activity patterns.

Data Storage
o Collected data is securely stored in a structured format for training, validation, and testing purposes.
o Care is taken to ensure privacy and ethical considerations, including anonymization of student identities.

Importance of Data Diversity

Diverse data ensures the system can accurately detect emotions across different age groups, genders, and cultural
backgrounds.

It improves the generalization capability of the model when deployed in real-world online learning environments.
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VII.SYSTEM ARCHITECTURE
The proposed Emotion Detection System is designed as a multimodal framework that integrates facial expression
recognition, speech emotion detection, and behavioral analysis to monitor students’ emotional states in online learning
environments. The system architecture consists of several key modules:

Input Layer

o Video input is captured through webcams to detect facial expressions in real-time.

o Audio input is captured through microphones to analyze speech signals.

o Interaction data, such as typing speed, mouse clicks, and response times, is collected from the learning platform.

Data Preprocessing Layer

o Facial data is detected, aligned, normalized, and resized for CNN input.

o Audio data undergoes noise removal, silence trimming, and feature extraction (MFCC, pitch, energy).
o Behavioral data is normalized and quantified to generate engagement metrics.

Feature Extraction Layer

o Facial features are extracted using convolutional layers of CNN models, focusing on eyes, eyebrows, and mouth.
o Audio features are extracted using RNN/LSTM models to capture temporal and spectral patterns.

o Behavioral features provide engagement scores derived from interaction data.

Emotion Classification Layer

o Individual modalities include CNN for facial expressions, RNN/LSTM for audio, and behavioral metrics for engagement-
based classification.

o Outputs from all modalities are combined using multimodal fusion techniques to produce the final emotion classification.
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Output Layer

o Real-time dashboards display students’ emotional states and engagement levels for instructors.

o Alerts notify instructors about disengaged or frustrated students for timely interventions.

o Emotion logs and analytics reports are stored for post-class analysis and performance evaluation.

Advantages of the Architecture

o Real-time performance enables immediate feedback during online classes.
o Multimodal fusion ensures higher accuracy and robustness.

o Scalable and can be integrated with various online learning platforms.

VIILIMPLEMENTATION PROCESS
The implementation of the Emotion Detection System for Online Learning involves a step-by-step approach
integrating data acquisition, preprocessing, feature extraction, emotion classification, and real-time monitoring. The process
ensures accurate and responsive detection of students’ emotional states.

1 System Setup

Hardware Requirements: Webcam, microphone, and computer system with GPU support for real-time processing.
Software Requirements: Python, OpenCV, TensorFlow/Keras, Librosa (for audio processing), and relevant machine
learning libraries.
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Environment Setup: Configure the development environment, install dependencies, and integrate the online learning

platform (e.g., Zoom, Moodle, or custom LMS) with the emotion detection module.

2 Data Acquisition

v’ Capture real-time video from students” webcams.

v" Record audio input during live interactions or assessments.

v Track behavioral interaction data such as mouse clicks, keystrokes, and response times on the learning platform.

v’ Optionally, augment the collected data with publicly available datasets like FER-2013 for facial expressions and
RAVDESS for audio emotions.

3 Data Preprocessing

Video Frames: Resize, normalize, and align faces using OpenCV or Dlib. Convert frames to grayscale or RGB as required.
Audio Signals: Remove noise, normalize volume, and extract Mel-Frequency Cepstral Coefficients (MFCC) for emotion
classification.

Interaction Data: Standardize features such as typing speed, click frequency, and response latency for machine learning
input.

4 Feature Extraction

Facial Features: Extract landmarks (eyes, eyebrows, mouth) and apply CNN-based feature mapping.

Audio Features: Extract MFCCs, pitch, energy, and spectral features.

Behavioral Features: Quantify engagement from interaction patterns and assign numerical scores for integration.

5 Emotion Classification

v Train CNN models on facial features for real-time emotion recognition.

v" Use RNN or LSTM models for analyzing audio-based emotional cues.

v Implement multimodal fusion by combining facial, audio, and behavioral features to improve classification accuracy.
v Classify emotions into predefined categories such as happiness, sadness, anger, fear, surprise, and neutral.

6 Real-Time Monitoring & Feedback

v' Deploy the trained model in the online learning environment for live emotion tracking.

v' Display real-time dashboards for instructors showing emotional trends of individual students and the entire class.
v Generate alerts for disengaged or frustrated students to enable timely interventions.

v' Store emotional data for post-class analysis and reporting.

7 System Evaluation

v’ Evaluate accuracy, precision, recall, and F1-score of the emotion classification model.

v’ Test real-time performance to ensure minimal latency during live sessions.

v Conduct pilot studies with students and instructors to measure practical effectiveness in improving engagement and
learning outcomes.

LBP
Face Alignment

Augmentation

HOG |
L Q SIFT | I—_J‘>
[ Normatzatin e

Enhancement e

Input Frame Preprocessing Classification

Feature Extraction

IX.EVALUATION
Evaluating the Emotion Detection System is essential to measure its effectiveness, accuracy, and real-time
performance. The evaluation process involves both quantitative metrics and qualitative assessment.

A. Performance Metrics

Accuracy: Measures the percentage of correctly classified emotions out of total predictions. High accuracy indicates that
the system reliably identifies emotional states.

Precision: Determines how many of the detected emotions are actually correct. It evaluates the system’s reliability in
avoiding false positives.
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Recall (Sensitivity): Measures how well the system identifies all instances of a specific emotion. High recall ensures that
few emotional states are missed.

F1-Score: Harmonic mean of precision and recall, providing a balanced evaluation metric for overall classification
performance.

Latency/Response Time: Assesses the system’s ability to process input and deliver emotion predictions in real time, which
is critical for live online classes.

B. Testing Methods

Dataset Testing: The system is tested on unseen portions of FER-2013 (for facial expressions) and RAVDESS (for audio
emotions) to validate generalization.

Real-Time Classroom Testing: Deployed in live online sessions to evaluate responsiveness and usability. Observations
include system performance under varying lighting, background noise, and network conditions.

Multimodal Fusion Testing: The combined output of facial, audio, and behavioral features is analyzed to confirm improved
accuracy over single-modality systems.

C. User Feedback and Acceptance
Feedback from instructors and students is collected to assess the usability and effectiveness of dashboards and alerts.
Surveys and interviews provide insights into the system’s impact on student engagement and learning experience.

D. Observations

Multimodal emotion detection provides more reliable results than individual modality-based detection.

Real-time feedback allows instructors to identify and address disengaged or frustrated students promptly.

Continuous model retraining with new data improves adaptability across different learning environments and diverse student
populations.

Conclusion of Evaluation

The evaluation demonstrates that the proposed system is accurate, reliable, and practical for real-time emotion
detection in online learning. It effectively enhances instructor awareness, promotes student engagement, and supports
adaptive learning strategies.

X.CONCLUSION

The shift toward online learning has created a need for systems that can monitor and understand students’ emotional
states to improve engagement and learning outcomes. This project presented a multimodal Emotion Detection System that
combines facial expression recognition, speech emotion analysis, and behavioral interaction tracking to detect emotions in
real time during online classes.

The proposed system demonstrates the ability to accurately recognize key emotional states such as happiness,
sadness, anger, fear, surprise, and neutral, providing instructors with actionable insights through real-time dashboards and
alerts. Evaluation metrics, including accuracy, precision, recall, F1-score, and latency, indicate that the system performs
reliably and efficiently, even in dynamic online learning environments.
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