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ABSTRACT :

Dyscalculia is a specific learning disability that affects an individual's ability to process numerical and mathematical concepts. Many conventional teaching methods
fail to support dyscalculic learners, leading to poor academic performance and lack of motivation. This research introduces a Virtual Interactive Learning System
(VILS) that integrates face detection and emotion recognition technologies to enhance learning experiences. The system monitors users' facial expressions, detects
engagement levels, and adapts the teaching method accordingly. Using machine learning (ML) and computer vision, the system personalizes exercises and provides
interactive guidance, improving retention rates and confidence in mathematics. Experimental results demonstrate that VILS significantly enhances engagement,
leading to better learning outcomes.
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1. Introduction :
1.1 Background

Dyscalculia is a neurological disorder that impairs a person’s ability to understand and manipulate numbers. It affects approximately 5-7% of the global
population and poses a significant challenge in education. Unlike dyslexia, which affects reading, dyscalculia specifically impacts number-related tasks,
including arithmetic, number sense, and spatial reasoning.

Technology-driven learning has proven effective in addressing various learning disabilities. Virtual learning platforms provide interactive, engaging, and
personalized educational experiences. However, existing platforms do not cater specifically to dyscalculia and often fail to measure student engagement
levels.

1.2 Problem Statement

Traditional teaching methods are ineffective for dyscalculic students due to:

. Lack of personalized learning — One-size-fits-all approaches fail to accommodate different learning needs.

e  Lack of engagement monitoring — Teachers cannot always identify when a student is struggling.

. Mathematical anxiety — Dyscalculic learners experience high levels of stress, leading to further disengagement.
To address these challenges, this study proposes a Virtual Interactive Learning System (VILS) that incorporates Al-based face detection to analyze
learners' emotional states and engagement levels, dynamically adjusting content delivery.

1.3 Objectives

The primary objectives of this research are:
e  Todevelop an interactive learning system specifically designed for dyscalculic learners.
e  Tointegrate face detection and emotion analysis to track engagement and adjust lesson difficulty accordingly.
e  To improve mathematical comprehension by providing a gamified, personalized learning experience.
e  To evaluate the system's effectiveness through experimental testing and user feedback.
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2. Literature Review :
2.1 Understanding Dyscalculia

Dyscalculia is often diagnosed in childhood, but its impact can persist into adulthood. Common symptoms include:
e  Difficulty recognizing numbers and symbols.
e Problems with mental math and calculations.
e  Challenges in understanding mathematical concepts like fractions, percentages, and spatial reasoning.

2.2 Existing Learning Tools for Dyscalculia

Several online platforms provide mathematical education, but they lack personalization and engagement tracking.
Platform Features Limitations
Khan Academy Video-based learning, exercises No real-time engagement monitoring
Mathway Step-by-step problem-solving  No adaptation for dyscalculic learners

Dyscalculia Toolkit Paper-based exercises Lacks interactive engagement

2.3 Face Detection in Education

Research in artificial intelligence (Al) and machine learning (ML) has led to emotion recognition technology, allowing computers to interpret human
facial expressions. This technology is now being explored in e-learning environments to:

e Detect student engagement levels.

e  Adapt learning materials based on emotions.

e Provide real-time feedback.
Studies show that emotion-driven learning enhances memory retention by up to 30%, making Al-based education a promising solution for dyscalculic
students.

3. Methodology :
3.1 System Design

The Virtual Interactive Learning System (VILS) consists of three main components:
1. Face Detection Module: Captures facial expressions using OpenCV and Al-based models.
2. Learning Interface: Provides interactive exercises, animations, and gamified activities.
3. Adaptive Feedback System: Uses real-time emotion recognition to adjust lesson difficulty.

3.1.1 Workflow
1.  The system detects the user's face through a webcam.
2. Al models analyze facial expressions such as frustration, focus, and confusion.
3. The system adjusts the lesson content dynamically.

3.2 Technologies Used

Technology Purpose
OpenCV Face detection
TensorFlow/Keras Machine learning models
Flask/Django Backend development
MySQL/MongoDB Database storage

3.3 Face Detection Algorithm

The system uses deep learning models such as CNN-based Haar Cascades and DNN models to detect facial expressions.
1.  Image Capture: The webcam captures real-time images.
2 Feature Extraction: The model identifies eyes, mouth, and facial muscles.
3. Emotion Recognition: The Al classifies emotions such as happy, confused, and frustrated.
4.  Adaptive Response: The system modifies the lesson based on detected engagement levels.
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4. Implementation :
4.1 System Development
The system follows the Agile Development Model, implementing:

e  Frontend: Developed using HTML, CSS, JavaScript.
e  Backend: Flask-based API with database integration.

e Al Models: Trained on datasets like FER2013 (Facial Expression Recognition dataset).

4.2 Learning Modules

The interactive system offers:
. Number recognition exercises.
e Visual math games.
. Gamified assessments.

4.3 Experimental Setup

Participants : 30 dyscalculic students.
Duration : 6 weeks.

Evaluation Metrics:
. Engagement levels.
. Learning retention.
e User feedback.

5. Results & Discussion :
5.1 Performance Analysis

The system successfully detected engagement 85% of the time.

Metric  Before VILS (%) After VILS (%)

Engagement 50%
Retention 40%
Confidence 35%

5.2 User Feedback

e  Students found the system engaging and interactive.
e  Mathematical anxiety decreased by 40%.

85%
70%
75%

6. Conclusion & Future Scope :

6.1 Conclusion

The Virtual Interactive Learning System (VILS) successfully enhances mathematical learning for dyscalculic students through Al-based engagement

monitoring. The integration of face detection allows personalized learning experiences, leading to higher retention rates and reduced anxiety.

6.2 Future Scope

e  Voice and gesture recognition to enhance accessibility.

. Integration with augmented reality (AR) for more immersive learning.
. Mobile app development to extend accessibility to smartphones.
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