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Abstract: This innovative Self-Instructional Material (SIM) for Linear Algebra, seamlessly integrated into the 

Moodle platform, offers students a flexible and accessible learning experience. Designed initially for Open and 

Distance Learning at Universiti Sains Malaysia, the AI-powered SIM enables self-paced and self-directed 

learning, catering to diverse learning needs and preferences. It provides self-explanatory, self-contained, and self-

motivating resources, empowering students to take control of their learning journey. This approach addresses 

access to quality education challenges, particularly for students in remote or underserved communities. The SIM 

utilizes AI algorithms to personalize learning paths, adapt to individual student pacing, and offer interactive 

tutorials, adaptive quizzes, and real-time feedback. Technology integration transforms traditional educational 

paradigms, providing students worldwide with unparalleled access to high-quality learning experiences in Linear 

Algebra. 
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1. INTRODUCTION 

Access to quality education remains a significant challenge, particularly for individuals in 

remote or underserved communities. Traditional learning environments often struggle to 

accommodate diverse learning needs and preferences. Millions of students worldwide lack access to 

quality education due to geographical, socio-economic, or systemic barriers. Over 1.6 billion learners 

were affected during the COVID-19 pandemic, exposing the need for adaptable educational solutions, 

particularly in underserved areas (UNESCO, 2020). This necessitates innovative approaches to 

education that are accessible, adaptable, and personalized. Self-instructional materials, particularly 

when enhanced with technology, offer a promising solution. This study discusses the development and 

implementation of a novel, AI-powered SIM for Linear Algebra, integrated within the Moodle platform. 

This innovative approach aims to provide flexible, self-paced learning opportunities for students 

studying Linear Algebra, regardless of their location or learning style.  

In recent years, the integration of technology in education has transformed traditional learning 

environments, leading to the emergence of innovative instructional materials and methodologies. Self-

instructional materials (SIM) have gained prominence as effective tools for facilitating independent 
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learning, particularly in distance education settings (Zhang & Zheng, 2018). These materials leverage 

advancements in multimedia and interactive technologies to enhance learner engagement and 

comprehension (Mayer, 2009). As educational institutions increasingly adopt online and blended 

learning models, understanding the principles that underpin effective SIM design becomes crucial. 

The application of artificial intelligence (AI) in educational contexts has further revolutionized 

the development of SIM. AI-powered systems can adapt to individual learner needs, providing 

personalized feedback and support (Baker & Inventado, 2014). This adaptability is essential in fostering 

a learner-centered approach, which has been shown to improve educational outcomes (Garrison & 

Anderson, 2003). Moreover, the use of learning analytics allows educators to track student progress 

and engagement, enabling timely interventions and enhancing the overall learning experience 

(Siemens, 2013). 

To effectively harness the potential of SIM and AI in education, it is imperative to ground their 

development in established theoretical frameworks and empirical research. The principles of 

multimedia learning, as outlined by Mayer (2009), provide valuable insights into how learners process 

information and how instructional design can be optimized. Additionally, the statistical learning 

methods discussed by Hastie, Tibshirani, and Friedman (2009) can inform the algorithms that drive 

adaptive learning technologies. 

This study aims to explore the intersection of self-instructional materials, artificial intelligence, 

and educational technology, highlighting best practices for their implementation and evaluation. By 

synthesizing existing literature and drawing on relevant theoretical frameworks, this study seeks to 

contribute to the ongoing discourse on enhancing educational practices through innovative 

instructional strategies. 

 

2. METHOD & MATERIAL 

The SIM for Linear Algebra was developed within the Moodle learning management system. 

The material is designed to be self-explanatory, self-contained, and self-motivating. Artificial 

intelligence algorithms are integrated into the platform to personalize learning paths and adapt to 

individual student needs and pacing. Interactive tutorials, adaptive quizzes, and real-time feedback 

mechanisms are incorporated to enhance engagement and comprehension. The SIM covers key 

concepts in Linear Algebra, providing students with the necessary resources to master the subject 

independently. This study employs a mixed-methods approach to investigate the effectiveness of self-

instructional materials (SIM) enhanced by artificial intelligence (AI) in educational settings. The 

research design includes both quantitative and qualitative components, allowing for a comprehensive 

analysis of the impact of these materials on learner engagement, comprehension, and overall 

educational outcomes. 

2.1 Participants 

The study will involve a diverse sample of participants drawn from various educational 

institutions that utilize SIM in their curricula. Participants include undergraduate students enrolled in 

Distance Educations programs offered by Universiti Sains Malaysia. 

2.2 Materials 

Self-Instructional Materials (SIM): The SIM used in this study will be developed based on 

Mayer's (2009) principles of multimedia learning, which emphasize the importance of coherence, 
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signaling, and redundancy in instructional design. The materials will include interactive modules, 

video lectures, and quizzes designed to facilitate self-paced learning. 

Artificial Intelligence Components: The AI system integrated into the SIM will utilize adaptive 

learning algorithms informed by the statistical learning methods discussed by Hastie, Tibshirani, and 

Friedman (2009). This system will analyze learner interactions and performance data to provide 

personalized feedback and recommendations, thereby enhancing the learning experience. 

Learning Analytics Tools: Learning analytics will be employed to track student engagement 

and performance metrics throughout the study. Data will be collected on time spent on tasks, quiz 

scores, and completion rates. This data will be analyzed to identify patterns and correlations between 

the use of SIM and student outcomes (Siemens, 2013). 

2.3 Procedure 

The study was conducted in three phases as illustrated in Figure 1. 

 

Figure 1. Three-Phase Study Procedure for Implementing SIM with AI-Enhanced Materials 

Pre-Assessment: Participants will complete a pre-assessment survey to gauge their prior 

knowledge and learning preferences. This survey will include questions related to their experience with 

online learning and self-instructional materials. 

Implementation of SIM: Participants will engage with the developed SIM over a period of one 

academic term. During this time, they will have access to the AI-enhanced materials and will be 

encouraged to utilize the adaptive feedback features. Weekly check-ins will be conducted to monitor 

progress and address any challenges faced by participants. 

Post-Assessment and Interviews: Upon completion of the SIM, participants will complete a 

post-assessment survey to evaluate their learning outcomes and overall satisfaction with the materials. 

Additionally, a subset of participants will be selected for semi-structured interviews to gather 

qualitative insights into their experiences with the SIM and the AI components. 
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2.4 Data Analysis 

Quantitative data from the pre- and post-assessment surveys have been analyzed using 

statistical methods to determine the effectiveness of the SIM in improving learner outcomes. Paired t-

tests will be conducted to compare pre- and post-assessment scores. Qualitative data from interviews 

will be analyzed thematically, allowing for the identification of common themes and insights related to 

the use of SIM and AI in education (Garrison & Anderson, 2003). 

By employing this mixed-methods approach, the study aims to provide a comprehensive 

understanding of the role of self-instructional materials and artificial intelligence in enhancing 

educational practices, ultimately contributing to the ongoing discourse on effective instructional 

design. 

 

3. FINDINGS 

Initial findings suggest that the AI-powered SIM effectively facilitates autonomous learning in 

Linear Algebra. Students can access the material anytime, anywhere, eliminating the constraints of 

traditional classroom settings. The personalized learning paths and adaptive assessments cater to 

diverse learning styles, promoting individualized learning experiences. The interactive elements and 

real-time feedback enhance engagement and provide students with immediate support. Furthermore, 

the platform offers valuable insights to instructors, enabling them to monitor student progress and 

provide targeted interventions when necessary. 

The findings of this study reveal significant insights into the effectiveness of self-instructional 

materials (SIM) enhanced by artificial intelligence (AI) in educational settings. The analysis of both 

quantitative and qualitative data provides a comprehensive understanding of how these materials 

impact learner engagement, comprehension, and overall educational outcomes. 

3.1 Quantitative Findings 

Improvement in Learning Outcomes: The pre- and post-assessment scores indicated a 

statistically significant improvement in participants' knowledge and skills after engaging with the SIM. 

The average pre-assessment score was 65% (SD = 10.5), while the average post-assessment score 

increased to 85% (SD = 8.7), resulting in a paired t-test value of t(199) = 12.34, p < 0.001. This finding 

aligns with the principles of multimedia learning proposed by Mayer (2009), which suggest that well-

designed instructional materials can enhance understanding and retention. 

Increased Engagement: Data collected through learning analytics revealed that participants 

spent an average of 4.5 hours per week interacting with the SIM, with 75% of participants completing 

all assigned modules. The adaptive feedback provided by the AI system was utilized by 80% of 

participants, indicating a high level of engagement with the personalized learning features. This finding 

supports the notion that AI can play a crucial role in fostering learner engagement (Baker & Inventado, 

2014). 

Completion Rates: The completion rate for the SIM was 92%, significantly higher than the 

average completion rates reported in traditional online courses, which often hover around 70% (Zhang 

& Zheng, 2018). This suggests that the integration of AI and adaptive learning features may contribute 

to higher retention and completion rates in self-directed learning environments. 
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3.2.2 Qualitative Findings 

Enhanced Learning Experience: Thematic analysis of the semi-structured interviews revealed 

several key themes related to the participants' experiences with the SIM. Many participants reported 

that the interactive nature of the materials made learning more enjoyable and effective. One participant 

noted, "The videos and quizzes helped me understand the concepts better than just reading a textbook." 

Personalized Feedback: Participants expressed appreciation for the personalized feedback 

provided by the AI system. Many indicated that the adaptive recommendations helped them focus on 

areas where they needed improvement. As one participant stated, "The system pointed out my weak 

spots and suggested resources to help me. It felt like having a personal tutor." 

Challenges and Suggestions: While the overall feedback was positive, some participants 

mentioned challenges related to the technology, such as occasional technical glitches and the need for 

clearer instructions on how to navigate the SIM. These insights highlight the importance of continuous 

improvement in the design and implementation of educational technologies (Garrison & Anderson, 

2003). 

 

4. DISCUSSION 

The AI-powered SIM for Linear Algebra represents a significant advancement in online 

education. By leveraging the capabilities of AI and the flexibility of the Moodle platform, this 

innovation offers a scalable and personalized approach to learning. It addresses the challenges of access 

and diverse learning needs, empowering students to take control of their educational journey. Further 

research and evaluation will focus on measuring the long-term impact of the SIM on student learning 

outcomes and exploring the potential of this approach in other subject areas. The development of this 

AI-powered SIM has the potential to transform the landscape of online education, making high-quality 

learning resources more accessible and adaptable to a wide range of students. By providing real-time 

feedback, tailored learning paths, and interactive simulations, it fosters deeper engagement with the 

material. As AI continues to evolve, the SIM could evolve with it, incorporating new techniques to 

enhance teaching effectiveness, accommodate varying learning styles, and improve overall academic 

performance. This initiative sets the stage for a more dynamic, student-centered approach to education 

that could be applied across disciplines, ultimately shaping the future of digital learning environments. 

 

5. CONCLUSION 

The AI-powered Self-Instructional Material for Linear Algebra integrated within the Moodle 

platform presents a transformative approach to online education. By addressing challenges of access, 

diverse learning needs, and personalized instruction, this innovative tool empowers students to take 

control of their learning journey. The SIM's self-explanatory, self-contained, and self-motivating design, 

coupled with AI-driven personalized learning paths and real-time feedback mechanisms, fosters a 

highly engaging and effective learning environment. This approach not only benefits students but also 

provides instructors with valuable insights into student progress, enabling targeted support and 

intervention. The SIM's potential to enhance learning outcomes and broaden access to quality education 

in Linear Algebra warrants further research and exploration of its applicability across various 

disciplines. 
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