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Artificial intelligence (AI) has created new opportunities for the development of intelligent and

personalised learning environments in higher education. The increasing use of digital and multimedia

resources in education has also created new opportunities for learning. However, most conventional

multimedia learning environments are static and do not adapt to the differing needs of the individual

learners. Although there has been increasing research activity in artificial intelligence, adaptive

learning, learning analytics and multimedia-based education, these areas have mostly been investigated

separately. There is therefore a need for a framework that integrates these different areas of study,

particularly in the higher education setting. Hence, this paper proposes an Al-driven adaptive interactive

multimedia learning framework for Malaysia’s higher education institutions. The conceptual
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framework for the development of the proposed model is based on the synthesis of existing literature
on areas such as Al in education, adaptive learning, interactive multimedia learning, learning analytics,
personalised learning, and intelligent educational technologies. The framework incorporates five major
components: interactions with multimedia content, interactive multimedia content itself, learning
analytics, an Al analytics engine, and an adaptive learning module. The interaction with the multimedia
content allows for the collection of data about the learners, which is analysed by the learning analytics
and Al analytics engine to recognise patterns in the learners’ interactions with the multimedia content.
These analyses enable the adaptive learning module to provide recommendations for the personalised
learning of each of those learners. While the proposed framework provides a structure for integrating
Al learning analytics, adaptive learning, and multimedia content within a Malaysian higher education
learning environment, the framework itself has yet to be empirically implemented. Thus, while the
potential for the framework to provide benefits to learners within higher education is present, such
potential is presented as a proposition for future investigation. As such, future research will focus upon
the development of the proposed framework and its implementation as a functional prototype according

to an appropriate research design.
Keywords Artificial Intelligence; Adaptive Learning; Interactive Multimedia; Learning Analytics;

Higher Education; Student Engagement
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Introduction

Artificial intelligence (AI) technologies are becoming increasingly common in higher education, and
Al has received considerable attention for its potential uses in this sector. For example, Al tools have
been discussed as being able to analyse educational data, thereby enabling customised instruction for
students, automating some educational processes, and providing recommendations to educators and
students based upon that analysis. A literature review investigating Al applications in higher education
reveals that Al applications have been increasingly investigated in domains like teaching, learning,
assessment, profiling, prediction, and other institutional functions within higher education (Crompton
& Burke, 2023). Another review of the literature that investigates Al applications within higher
education reveals that areas like adaptive learning systems and the personalisation of learning
experiences for individual students within higher education have been discussed as important

applications of artificial intelligence within those educational institutions (Bond et al., 2024).

The increasing use of Al in education does not automatically imply the development of systems
that support personalised and effective learning for the students. The Al systems must be appropriately
connected to the learning processes, the students, and the educational environment in which they are to
be deployed. Recent research regarding Al in education has focused upon aspects of human-centred
design, stakeholder involvement, trust, reliability, and privacy in the deployment of Al in learning

analytics systems (Alfredo et al., 2024).

Another important component of many of the learning environments that are developed today
is the use of multimedia components within those learning environments. Multimedia elements can
include components like text, images, audio files, video files, animation files, quizzes, simulations, and
a variety of other activities that can help to introduce the content of those learning environments.
Furthermore, research into the effectiveness of incorporating multimedia learning elements into
learning environments suggests that there are learning design principles that must be considered within

those learning environments (Ceken & Taskin, 2022).

Recent evidence also shows that multimedia is used extensively in higher education.
Multimedia can improve students’ learning experience and learning outcomes, but it can also impose

excessive cognitive demands on them if used inappropriately (Staneviciene & Zekiené, 2025).

Many e-learning platforms are largely static. The same content is delivered to all students
without considering their level of knowledge or their engagement with the course materials. Adaptive
learning platforms seek to address this problem by altering the learning experience based on information

gathered about the students. A recent scoping review has found that personalised adaptive learning can
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improve students’ academic performance and engagement, although it poses some challenges in its

implementation (du Plooy et al., 2024).

Another important component of the proposed model is the use of learning analytics. Learning
analytics is the gathering, analysis and interpretation of data from learners’ interactions with digital
learning environments. In particular, research on higher education in the post-pandemic era shows
increasing interest in, and use of, learning analytics to better understand the behaviour of learners within

higher education institutions (Bunsu & Abd Halim, 2023).

The integration of learning analytics with the existing concepts of Al and adaptive learning
presents an opportunity to develop the functionality of learning environments to respond to the
interactions of the learners with those environments. While current multimedia learning environments
may present content such as videos, animations, text-based content, and quizzes for the learners to
interact with, an intelligent multimedia learning environment could use learning analytics to

automatically determine the content that should be presented to each individual learner.

Despite the potential benefits of integrating learning analytics into multimedia learning
environments, the literature on this topic is lacking, specifically within the context of Malaysian higher
education. Accordingly, this paper proposes a framework that integrates multimedia learning
environments, learner interactions with those environments, learning analytics, Al-driven analytics and

adaptive learning.

Problem Statement

With the increasing availability of digital learning technologies, higher education institutions can
provide various digital learning resources and activities. These learning activities can include digital
learning materials such as videos, animations, quizzes, and more. While these learning resources can
enhance the learning experience for students, their presence does not indicate that the learning

environment is adaptive to the individual learners in the environment.

Conventional learning environments that use multimedia learning resources provide the same
learning resources and activities to all the learners in the environment without considering the
differences in the knowledge and skills of each of the students. Thus, students with different needs in

the learning environment are required to follow the same learning activities as others in the environment.

The potential for Al-supported adaptive learning and learning analytics to address the identified

problems within the current learning environments is present. Previous studies on the impacts of
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personalised adaptive learning systems have indicated that they can lead to positive impacts upon
students’ performances within their educational institutions (du Plooy et al., 2024). Furthermore,
learning analytics has been recognised as a potentially useful approach for supporting learning and
timely intervention in higher education institutions (Bunsu & Abd Halim, 2023). However, the potential
issues associated with the use of students’ personal information can pose some challenges in the

implementation of these technologies.

Thus, the problem that is to be solved by the proposed study is not the lack of Al and multimedia
technology within Malaysian higher education institutions. Instead, the issue is the lack of an integrated
learning approach that incorporates Al, multimedia technology, adaptive learning, learning analytics,
and takes into consideration the potential issues related to the data of the students within those
institutions. Thus, this research proposes the development of a conceptual framework for an adaptive
multimedia learning environment for implementation in Malaysian higher education institutions to

allow for personalised learning for their students.

Research Gap

The literature indicates several areas of fragmentation. Much research has been done in the field of
artificial intelligence in higher education concerning its use in areas like prediction, assessment,
personalised learning, intelligent tutoring and adaptive systems (Crompton & Burke, 2023; Bond et al.,
2024). However, the presence of Al functionality does not necessarily indicate that the systems have

been integrated with interactive multimedia learning environments.

In addition, there are also variations in the information that is collected from learners within
adaptive learning systems, the ways in which the learning resources provided to the learners are adapted
based upon that information, and the learning resources that are provided to the learners altogether.
While reviews of adaptive learning systems indicate that they can improve the academic performance
of students, the specific adaptations to those learning systems can vary from study to study (du Plooy
et al., 2024).

Similarly, research has also been conducted on learning analytics as a means of understanding
the behaviour and engagement of the learners within a learning environment. However, research
regarding the impact of learning analytics upon the design of learning resources is limited. For example,
only a minority of studies that have incorporated learning analytics reported that the use of such
analytics led to improvements in the design of the learning resources (Drugova et al., 2024).

Furthermore, while research has investigated the importance of multimedia learning design, few
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learning environments currently adapt their multimedia learning elements to the needs of individual

learners.

Another gap exists in the integration of these various components within the Malaysian higher
education context. While there has been research performed on the incorporation of Al and digital
learning technologies within higher education in Malaysia, the integration of Al, learning analytics,
adaptive learning, and multimedia learning within a unifying learning framework within the Malaysian

higher education context is lacking.

Thus, the gap does not lie in a lack of research on the individual components of such a
framework. Instead, the gap in the knowledge is in the development of a framework that incorporates
Al, learning analytics, adaptive learning, and multimedia learning within the Malaysian higher
education context. Accordingly, this study intends to fill such a gap in the literature by developing a
conceptual framework for incorporating these various technologies and components into a unifying

learning framework within Malaysian higher education.

Research Objectives

The objectives of this study are:

1. To identify the research gaps and requirements in the integration of Al, adaptive learning, learning
analytics and interactive multimedia learning in Malaysian higher education.

2. To develop a conceptual framework for an Al-driven adaptive interactive multimedia learning
environment.

3. To propose the system architecture and adaptive learning workflow for the implementation of the

proposed framework in the Malaysian higher education context.

Research Questions

The following research questions will be addressed in this research:

RQI1: What are the research gaps and requirements for the integration of Al, adaptive learning, learning
analytics and interactive multimedia learning in the higher education of Malaysia?

RQ2: How can Al, learning analytics, adaptive learning and interactive multimedia learning be
integrated into a framework for personalised learning?

RQ3: What is the system and learning architecture that can be used to implement the proposed Al-

driven adaptive interactive multimedia learning framework?
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Significance of the Study

The proposed framework has potential theoretical and practical significance. The theoretical
significance of this study lies in the fact that the framework connects Al, learning analytics, adaptive
learning, and interactive multimedia learning. Often these technologies are considered independently.
The framework examines the interrelationship between these technologies within the context of an

adaptive learning environment.

Practically, the framework can guide those involved in the development of digital learning
environments, such as instructional designers, educators, educational technologists, and higher
education institutions. For the Malaysian context in particular, the framework can help to guide the
relationship between multimedia content and adaptive learning within higher education through the use

of learning analytics and AL

However, it must be stated again that this study makes a conceptual contribution to the existing
literature. No empirical research was conducted to test the framework to determine whether it will
improve engagement or performance in digital learning environments. Such studies will be required in

the future to develop and test a prototype of the framework.

Literature Review

Artificial Intelligence in Education

Artificial intelligence (Al) is an important research area in higher education. Al has many applications
in higher education from assessment to recommendation systems, intelligent tutoring systems to
personalised learning systems and adaptive learning systems. Crompton and Burke (2023) performed a
systematic review of the literature on Al in higher education to determine where Al is used in higher
education. Their research study revealed the extent of Al application in higher education. Similarly,
Bond et al. (2024) conducted a meta-systematic review to determine the applications of Al in higher
education. Their findings also indicated that the major areas of application of Al in higher education
are in the development and use of adaptive systems and personalisation technologies in higher

education.

Nevertheless, there is a range of educational and human factors to consider before the
implementation of Al systems in higher education. Alfredo et al. (2024) carried out a research study to
ascertain the significance of human factors in Al and learning analytics systems. The study revealed the
importance of human control, trustworthiness, reliability, safety and stakeholder participation in Al and

learning analytics systems. Consequently, in the proposed framework, Al is positioned as an analytical
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component that supports the learning experiences of students rather than as an autonomous component

that replaces teachers in the higher education classroom.

Adaptive Learning Systems
Adaptive learning refers to learning environments that adapt to individual learners; the elements of the

learning experience are modified according to information regarding those individual learners.

Evidence suggests that incorporating elements of personalised adaptive learning into the
educational experience can lead to positive influences upon the learners’ academic performance and
engagement with the learning process. A 2024 scoping review of personalised adaptive learning
reported improvements in academic performance in a substantial proportion of the studies reviewed;
however, technological, time and resource constraints were often present within those studies (du Plooy
et al., 2024).

Adaptive learning can be positively influenced by the incorporation of Al technologies. Al
technologies can allow for the analysis of larger amounts of data regarding the learners, which can
inform decisions regarding the adaptation of the learning experience. However, appropriate information
regarding the learners, learning objectives, content, and the ability to adapt the learning experience

according to that information is required for any adaptive learning technology to be effective.

Adaptive learning, therefore, is the component of e-learning that transforms analytical
information regarding the learner into changes to the learning content and learning recommendations

for that learner.

Interactive Multimedia Learning Environments
Interactive multimedia learning environments allow for the integration of various media and provide
interactivity between the media and the learners. Some examples of multimedia include video content,

animation, quizzes, simulations, graphics, and scenario activities.

Research in multimedia learning has demonstrated that learning outcomes are dependent upon
the principles that are applied to the media rather than the number of media types that are used within
the learning environment. Ceken and Taskin (2022) examined the effect of multimedia learning

principles in different educational environments.
A recent systematic review of the use of multimedia technologies in higher education reveals

that they are widely used and beneficial to learning outcomes, but can also have detrimental effects,

such as cognitive overload, if not designed properly (Staneviciene & Zekiené, 2025).
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Within the framework that is proposed, multimedia is the primary learning environment in
which the students interact with the learning content. Furthermore, the framework extends the concept

of multimedia learning by incorporating artificial intelligence analysis and adaptivity.

Learning Analytics and Student Engagement

Learning analytics refers to the collection, analysis, and interpretation of data relating to the learners
and the learning processes. In digital learning environments, such data can include information about
the learners’ interactions with the learning environment and its components. For instance, learning
analytics software can monitor the learners’ access to learning environments, the time spent on certain
learning activities within those environments, the completion of tasks within those environments, the
scores achieved on quizzes within those environments, and the actions taken by the learners within
those environments. Bunsu and Abd Halim (2023) have explored the field of learning analytics in higher
education and found a growing relationship between learning analytics and artificial intelligence (Al).
Learning analytics can be used to create adaptive learning by interpreting this data regarding the

learners’ actions within a learning environment.

However, simply collecting this data does not indicate that its use will be beneficial to the
learning processes. Data collection and monitoring are only the first steps towards implementing
effective learning analytics. For instance, Drugova et al. (2024) found that research connecting learning
analytics to improvements in learning design is still immature. Thus, frameworks must still be created
that connect learning analytics to the adaptation of instruction to the individual learners to ensure that

the collected data can effectively be used to support the adaptive learning processes.

AI-Driven Learning Analytics

The integration of artificial intelligence (Al) and learning analytics enables the analysis of the data that
is generated during the complex learning processes to identify patterns in the learning processes. Al can
enable learning analytics through the performance of tasks such as the prediction of learner
performance, providing recommendations to the learners, classification of the learning processes,
profiling of the learners, and the provision of feedback to the learners. Recent research indicates the use
of Al methods in learning analytics to provide learners with real-time feedback related to their

individual performance (Ouyang & Zhang, 2024).
However, the use of Al to analyse the data from the learners presents challenges to the

educational processes. For example, Alfredo et al. (2024) called for Al and learning analytics

approaches to be focused on the individuals involved in the learning processes rather than the algorithms
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that underpin the Al systems. Therefore, the Al-driven analytics will be one of the components that
supports the learning analytics process for analysing and interpreting the data from the learners while

maintaining the necessary supervision from educators involved in the learning processes.

Student Engagement in Digital Learning

Another important consideration in digital learning is the way in which students interact with learning
resources. Learning analytics is one means of providing indicators of the digital engagement of students.
Furthermore, learning analytics has been used to understand how students interact with their digital
learning environments and how that interaction relates to their performance in their courses (Bunsu &
Abd Halim, 2023). Rather than relying solely on behavioural indicators, engagement can also be
modelled as a multidimensional concept that incorporates both behavioural indicators and learners’
perceptions of the learning environment, which future studies could examine. Finally, while the
framework does not assume that adaptive multimedia learning environments will automatically increase
engagement, it proposes that students’ interactions with these environments can be used to provide them

with more appropriate learning experiences.

Al, Adaptive Learning, Multimedia and Personalisation

The literature on each of the discussed technologies indicates that each technology provides important
capabilities to the digital learning environment. However, most of the literature on these technologies
reviews each component separately, without discussing how they can be interconnected to create a

single learning environment.

Artificial intelligence, for instance, provides analytical and decision-making capabilities to the
digital learning environment (Crompton & Burke, 2023; Bond et al., 2024). Learning analytics provides
the data to the learning environment to determine how the learners are interacting with the digital
learning environment (Bunsu & Abd Halim, 2023; Drugova et al., 2024). Adaptive learning can use the
data from the learning analytics technologies to adjust the learning content provided to each of the
learners according to their individual needs (du Plooy et al., 2024). Finally, interactive multimedia
provides the actual learning content that is to be learned by the students within the digital learning

environment (Ceken & Taskin, 2022).

The integration of these components creates the possibility of a more responsive learning
environment. The interaction of the learners with the multimedia content creates behavioural and
performance data. That data can be processed by the learning analytics application. The Al component

can analyse that data to determine any patterns or learning needs of the learners. Based on those
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recognised learning needs, the adaptive learning component can create appropriate content for that

learner or take some other action to address their needs.

The integration of these components creates a learning process in which the learners interact
with the multimedia content, the data from that interaction is analysed to determine the needs of the
learners, and the learning experience is adapted based on those analyses. The adapted learning
experience leads to the learners’ new interactions with the multimedia content, leading to the cycle of
data analysis and adaptation of learning experience to continue. Thus, this integration introduces the
idea of a learning experience that can respond to the behaviour and performances of the learners

engaging with the multimedia content.

Another group of issues that must be considered in integrating these components relates to
human-centred and ethical concerns. The collection and processing of the data from the learners will
raise issues related to their privacy, transparency, and the security of that collected data (Alfredo et al.,
2024; Prinsloo et al., 2023). Thus, in addition to considering the technical aspects of the integration of
these components, it is also important to consider the role of educators in the framework and in

addressing such ethical issues.

Based on these considerations of the needs of each of the components of the proposed
framework, it becomes evident that there is a need for a framework that incorporates each of these
elements: the interaction of the learner with the multimedia elements, the use of multimedia elements
to facilitate learning, the implementation of learning analytics to evaluate that learning, the use of Al to
analyse that learning, and the adaptation of the learning elements to improve the learning of the students.
This identified need in the literature introduces the research gap in the field and leads to the development
of the proposed framework for Al-driven learning analytics and adaptation, which will be presented in

the following sections.

Research Gap Synthesis
Based on the reviewed literature, there are four major gaps in the existing literature on intelligent

multimedia learning systems.

e Gap I: Fragmentation of technological components. Despite the extensive investigation of Al,
adaptive learning, learning analytics, and multimedia learning, there is a lack of
conceptualisation of the integration of these technological components into a unified learning

architecture.
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e Gap 2: Limited connection between learning analytics and multimedia learning adaptation.
Although learning analytics has the potential to adapt multimedia learning content according to
the learner’s behaviour, analytics does not necessarily translate to changes in the multimedia
learning content.

e Gap 3: Need for contextualisation within the Malaysian higher education sector. Most of the
investigations reported in the literature address higher education in general rather than the
Malaysian context specifically. The need exists for the conceptualisation of multimedia
learning systems specifically for the Malaysian higher education context.

e  (Gap 4: Limited investigation into the implementation of integrated frameworks. There is a need
for further investigation into the implementation of integrated intelligent multimedia learning
system frameworks, as most of the investigations reported in the literature relate to the

adaptation of learning technologies in specific contexts.

These identified research gaps provide the basis for the proposed framework for intelligent multimedia

learning systems.

Methodology
Research Approach

This research adopts the method of developing a conceptual framework. This is not an empirical
experimental study; it does not involve the collection of participant data, pre-test/post-test
measurements or statistical hypothesis testing. The proposed framework is developed through
systematic synthesis of relevant literature and conceptual integration of identified technological and

pedagogical components.

This is consistent with the current state of the research, as the proposed framework has not yet
been implemented and evaluated empirically. Therefore, the study concentrates on developing a

theoretically based framework to give a basis for further development of prototypes and empirical tests.

Framework Development Process

The framework development process consists of four stages:

(1) Literature identification
(i1) Gap identification
(iii) Component integration, and

(iv) Framework and architecture development, as illustrated in Figure 1.
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Literature Identification

Relevant literature on Al in education, adaptive learning, multimedia learning, learning analytics, personalised
learning and intelligent educational technologies

Gap Identification

Identification of gaps in integrating Al, learning analytics, adaptive learning and multimedia learning

Compenent Integration

Integration of the identified requirements into five core components: learner interaction, interactive multimedia
content, learning analytics, Al analytics, and adaptive learning

Framework and Architecture Development

Development of the proposed conceptual framework, system architecture, and adaptive learning workflow based
on the identified components and relationships.

Figure 1. Framework Development Process

Proposed Framework Components

The framework consists of five main components: learner interaction, interactive multimedia content,
learning analytics, Al analytics engine, and adaptive learning module. These components work together
as a cycle in which the learners interact with the multimedia content, which is analysed by the learning

analytics and Al analytics engine to determine adaptations to the learning module for each learner.

Learner Interaction
The interactions between the learners and the learning environment (and its multimedia content) are the

first major component of the framework.
Interactive Multimedia Content

This component comprises the content that is published and made available to the learner as part of the

learning environment.
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Learning Analytics
This component covers the collection and analysis of the interactions of learners with the multimedia

content.

Al Analytics Engine
This component analyses the data collected through learning analytics to determine recommendations

for adapting the learning module.

Adaptive Learning Module

This module adapts the learning content according to the insights generated by the learning analytics
component and the Al analytics engine. The interaction among these components forms an iterative
cycle in which learner data inform Al-driven analysis, which subsequently supports adaptive

adjustments to the multimedia learning experience.

Ethical and Human-Centred Considerations

Given that the framework involves the collection and analysis of data from the learners, considerations
regarding privacy, confidentiality, informed consent, data security, transparency, and the use of Al in
this context must be addressed during the future implementation of such a system. Such considerations
are important, especially due to the nature of the information that must be collected from the learners.
Research on learning analytics has, for example, highlighted concerns regarding the privacy,
confidentiality and data security of students when learning analytics systems are implemented (Prinsloo
et al., 2023). Therefore, future developments of this system should incorporate aspects like data

governance, transparency, accountability, and human oversight of the system.

Proposed AlI-Driven Adaptive Interactive Multimedia Learning Framework

Framework Overview
The proposed framework incorporates elements of interactive multimedia learning, learner interaction,

learning analytics, Al-driven analytics and adaptive learning into a continuous learning cycle.

The cycle begins when the learner interacts with the multimedia learning materials, and data
relating to these interactions are collected by the system. This data is captured by the learning analytics
system and made available to the Al analytics engine for analysis. Based upon the analysis of the data
collected from the learner, the adaptive learning module determines the responses that should be

provided to the learner.

These responses may include any of the following:
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e Providing the learner with personalised learning content recommendations

e Adjusting the difficulty of the learning content provided to the learner

e Providing additional learning materials to the learner

e Providing feedback to the learner based upon their interactions with the learning content
e Providing additional practice activities for the learner to undertake

e Providing alternative multimedia learning resources to the learner.

The learner’s interaction with these recommended or alternative learning resources will create
new data for the system to analyse. This analytical cycle can be repeated as often as necessary to provide
the learner with a personalised learning experience based upon their interactions with the learning

environment and its resources.

Framework Architecture

The proposed framework for an Al-driven adaptive interactive multimedia learning system is presented
in Figure 2. The framework comprises five main components: learner interaction, interactive
multimedia content, learning analytics, the Al analytics engine and the adaptive learning module.
Learners interact with the system, and the system collects data that is analysed by the learning analytics

and Al analytics engine to provide feedback to the adaptive learning module that will adapt the learning

experience for the next iteration of the learning cycle.

This layer provides the interface through which students access and interact with learning materials.

A 4

Multimedia Content Layer

User Interaction Layer
(Access, Navigate, Interact)

(Video, Animation, Text, Quiz, Interactive Activities, Scenarios)

This layer contains videos, animations, text, quizzes, interactive activities, scenarios, and other multimedia
learning resources.

A 4

Learning Analytics Layer

Captures and organises learner interaction and performance data

Al Analytics Layer

|¢

Analyses data to identify patterns and generate insights for adaptive decisions

Adaptive Learning Layer

|¢

Translate analytical information into appropriate learning responses

Figure 2. Proposed Al-Driven Adaptive Interactive Multimedia Learning Framework
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Following the four-stage framework development process presented in Figure 1, the resulting
framework incorporates the five components that have been identified. The framework incorporates
steps in which the learners interact with the multimedia learning content. The data that is collected from
such interactions can be analysed to determine the behaviour of the learners while engaging with the
multimedia content. Based upon the information that is analysed by the Al analytics engine, the adaptive
learning module can provide learners with new content and activities tailored to their individual needs.
The learners interact with the content that was provided to them and new data is collected, enabling the

cycle to repeat itself.

Adaptive Learning Workflow
The following workflow outlines the processes through which the system supports continuous adaptive

learning:

Step 1: Learner accesses multimedia learning content
The learner interacts with multimedia content that has been developed for the system.
e Step 2: Learner interaction is captured
The interactions that the learner makes within the multimedia content are captured by
the system.
e Step 3: Learning analytics processes learner data
The learning analytics component of the system processes the data regarding the
interactions of the learner with the multimedia content.
e Step 4: Al analytics identifies learning patterns
The Al analytics engine analyses the processed learner data to recognise any patterns
in their learning behaviour, difficulties and needs.
e Step 5: Adaptive learning response is determined
Based on the recognised learning patterns and needs of the individual learner, the
adaptive learning module will determine an appropriate learning response to each
identified need.
e Step 6: Personalised learning content is delivered
According to the determined adaptive learning response, the learning platform will
deliver personalised learning content to the relevant learner according to their needs.
e Step 7: New learner interaction data are generated
The learner interacts with the newly adapted learning content, and this interaction
produces new interaction data for that learner which can be fed back into the analytics

process for analysis.
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By performing each of these steps in sequence, the platform establishes an adaptive learning
cycle that allows for the continuous monitoring of each learner’s behaviour, the adaptation of the
learning experience to each individual learner, and the feedback of new data for further analytics and

adaptation.

Framework Alignment with Research Questions
The framework directly addresses the research questions.

e RQI1: The literature review indicates a research and development need for intelligent learning
systems that integrate artificial intelligence (Al), learning analytics, adaptive learning, and
multimedia elements within the Malaysian higher education context.

e RQ2: The second research question is addressed through the development of a proposed
framework that integrates the five identified components into a unified intelligent learning
environment.

e RQ3: The third research question is addressed through the proposed system architecture and
adaptive workflow, which illustrate how learner interaction data are transformed into actionable

analytical insights and subsequently used to generate personalised learning responses.

Discussion

Overview

The main contribution of the proposed framework is the combination of Al-driven analytics and
interactive multimedia learning. While traditional multimedia learning environments can provide rich
and engaging learning representations, they may remain relatively static in responding to individual
learner behaviour. The proposed framework introduces an analytical layer through which learner
interaction data can inform adaptive learning decisions. Consequently, multimedia is positioned not
merely as a means of content presentation, but as an integral component of an interactive learning
environment in which learning content and activities can potentially respond to learner behaviour and

identified learning needs.

Integration of Learning Analytics and Adaptive Learning

Learning analytics forms the data foundation of the proposed framework, providing the information
necessary to make adaptive decisions. The framework thus establishes a connection between the
learners, the learning analytics and the adaptation of the multimedia content and activities. These
concepts are supported by existing research in learning analytics and artificial intelligence (Al), which

indicates that analytics can provide insights into the behaviour of learners within a course and that Al
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systems can analyse the data provided by learning analytics systems (Bunsu & Abd Halim, 2023;
Ouyang & Zhang, 2024).

Implications for Malaysian Higher Education

The integration of the proposed framework would have several implications for higher education
institutions in Malaysia. Most importantly, the framework can assist in integrating artificial intelligence
(AI) within the existing digital learning environments of higher education institutions in Malaysia.
Additionally, the framework can assist educators within those institutions in recognising which students
may require additional support by providing insights from the data collected through the learning
analytics elements of the framework. Finally, the incorporation of interactive multimedia elements into
the intelligent learning environment may increase the motivation and engagement of students. Overall,
these implications indicate the potential for the framework to be beneficial to the higher education

institutions in Malaysia.

Expected Educational Benefits

The implementation of the proposed framework is expected to offer several educational benefits to
students in higher education institutions. For instance, the provision of personalised learning pathways
and content recommendations may lead to increased student engagement. Furthermore, the fact that the
learning content can be continuously adapted based upon the students’ performance within the courses

may lead to increased knowledge and achievement by those students.

Finally, the use of learning analytics is likely to provide educators with insights into the learning
of their students. These insights are likely to enable educators to better teach and support their students.
Thus, the overall quality of education provided within higher education institutions may be enhanced

by the implementation of this framework.

Human-Centred and Ethical Considerations

The implementation of the proposed framework would involve the continuous collection and analysis
of learner data, which raises important human-centred and ethical considerations. Issues relating to
privacy, confidentiality, informed consent, data security and transparency must be addressed before
such a system is deployed (Alfredo et al., 2024; Prinsloo et al., 2023). Learners should be informed
about what data are collected, how these data are analysed and how the resulting recommendations are
generated. Furthermore, consistent with a human-centred approach, the Al analytics engine is intended
to support, rather than replace, the professional judgement of educators. Educators should therefore

retain oversight of the adaptive decisions made by the system and be able to review or override its
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recommendations. Appropriate data governance and accountability mechanisms will thus be essential

for any future implementation of the framework within Malaysian higher education institutions.

Theoretical Contribution

The theoretical contribution of this research is the integration of several existing concepts within the
field of educational technology into a conceptual learning architecture. The interactive multimedia
learning concepts can be integrated with learning analytics concepts, for instance, to enable artificial
intelligence (Al)-driven analytics to provide adaptive learning processes that can provide each learner
with a personalised learning experience. Therefore, by bringing together these disparate concepts and
components into a learning architecture, this research can contribute to the literature and help frame
future research on multimedia learning in higher education that utilises Al, learning analytics and

adaptability features.

Practical Contribution

From a practical perspective, the proposed framework can be valuable to various stakeholders within
higher education. For instance, instructional designers can utilise the framework to consider how the
content that is to be learned by the student can interact with the learner and with the data that can be
collected from those learners. Educators can utilise the framework to consider how the interaction of
the students with the learning systems can be used to provide adaptive learning to those students.
Moreover, developers of educational technology can utilise the framework to conceptualise the
technology that is required to create an adaptive multimedia learning system that is driven by artificial
intelligence. Finally, the higher education institutions that host these learning environments can utilise
the framework to conceptualise the potential integration of artificial intelligence, learning analytics, and

adaptive learning systems into their current digital learning environments.

Limitations

The main limitation of this study is that the proposed framework has not yet been implemented within
an actual learning environment within higher education. Thus, this study does not provide any empirical
evidence regarding the improvements in engagement in learning, the improvements in learning
performance, the effectiveness of the framework compared to conventional methods of delivering
multimedia learning content, the accuracy of the Al-based recommendations for each learner, or even
in relation to learning outcomes for learners over time. Thus, this framework is a conceptual framework
that can be utilised as the basis for future studies to test the effectiveness of implementations of the

proposed framework.

108



A further limitation is that the framework has not yet been tested across different academic
disciplines. The needs of learners and the learning processes involved may differ from one discipline to
another. Thus, future studies may be performed to determine the applicability, usability, and

effectiveness of the framework in different learning environments within higher education institutions.

Future Research

Future research should investigate the proposed framework through several stages. During the first
stage, a prototype of the proposed system is to be developed. Following the development of the
prototype, testing of the system can help to determine its functionality, usability, and learning
requirements. Furthermore, conducting a pilot study of the system will help to determine its
functionality, interaction with learners, and the feasibility of the learning processes that are to be
implemented within the system. Following the pilot study, future research can develop an empirical
study that evaluates the framework of the system. Furthermore, employing a quasi-experimental study
to evaluate the system prior to and following implementation of the adaptive learning environment can
help to determine whether learners who use the adaptive learning environment exhibit different learning

outcomes from those who use conventional multimedia learning systems.

Another future direction for research is to investigate the relationship between the analytics
features of the system and the outcomes of the learners who used the system. By implementing
statistical techniques to evaluate these features, it may be possible to determine whether the analytics

measurements are associated with the performance of the learners within the system.

Conclusion

Artificial intelligence (Al), adaptive learning, learning analytics and multimedia technologies present
significant opportunities for higher education to develop learning environments that can accommodate
and cater to individual learners. However, there is a gap in the literature regarding the integration of
these technologies into a single learning environment. In attempting to address this gap, this paper
proposed an Al-driven adaptive interactive multimedia learning framework for the Malaysian higher

education context.

The framework comprises five main components: interaction of the learner with the learning
environment, interactive multimedia content, learning analytics, Al analytics engine and an adaptive
learning module. These five components are interconnected in a way that ensures that the interaction of
the learner with the learning environment can be captured, assessed and analysed by the Al engine to

determine the learning needs of that individual learner. Based on these analyses, the adaptive learning
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module can recommend personalised learning experiences for each of these individual learners to

improve their learning experience and outcomes.

The main contribution of this paper is conceptual in nature. By integrating Al and learning
analytics technologies with multimedia and adaptive learning technologies, this framework can help to
form the basis upon which future developments in intelligent and adaptive learning environments can
be created within the Malaysian higher education system. Furthermore, this framework can help to
provide a basis for future research in the areas of instructional design, learning analytics, Al-enabled

adaptive learning, and personalised multimedia learning.

Nevertheless, the framework that is proposed in this paper has yet to be empirically
implemented. Thus, any potential effects of the framework have yet to be demonstrated. Future research
can implement the framework created in this paper to evaluate its usability, adaptability, engagement
of the learners, and the learning performance of learners using the framework. Such research will help
to determine the educational value of implementing Al-enabled adaptive interactive multimedia

learning environments within higher education classrooms.
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