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1. INTRODUCTION

The introduction Open and Distance e-Learning (ODel) has become the Foundation for
many higher and tertiary institutions in Southern Africa, providing many students with
Flexible and accessible learning opportunities irrespective of geographical location [1].
ODeL has become a popular educational model globally due to its flexibility and
inclusiveness especially during the COVID-19 pandemic [2]. Many higher and tertiary
institutions shifted to online learning during the COVID-19 period thereby exposing
critical gaps in preparedness to provide equitable and effective e-learning experiences
(31

In the context of Southern Africa, many ODel institutions face challenges such as limited
resources, high student to instructor ratios, and infrastructural constraints ([4].
Furthermore, high student to instructor ratio, lack of proper digital tools as well as huge
differences in technological infrastructure between urban and rural areas are other
challenges faced in ODeL institutions [4], [5]. These challenges affect ODelL institutions’
efforts of providing inclusive and enhanced education across urban and rural settings.

World over, Artificial Intelligence (Al) is rapidly transforming many sectors including
education through innovative personalized effective solutions to teaching and learning

challenges [1], [6].

Al technologies have the potential to transform how educational content can be
delivered, accessed, and experienced in ODeL environments [7]. Al can assist in the
automation of administration processes, enhance personalized learning experiences, and
assist educators in their instructional roles hence enhance accessibility, inclusivity and
quality of education in ODel settings. Furthermore, Al technologies such as intelligent
tutoring systems, recommender systems, and natural language processing can further
assist in bridging gapes by offering personalized, scalable and resource efficient
solutions in ODelL [1], [7], [4]. The commitment of established organizations such as
Microsoft to train one million South Africans on Al and Cybersecurity by 2026 shows that
these technologies have a great transformative force in education and workforce

development [3].
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However, integrating Al into ODeL systems in Southern Africa comes with its own

challenges. Literature points out that there are still concerns in aspects such as data
privacy, infrastructure development, reduction of human interaction in learning and
algorithmic bias [4], [8]. There is a need For ODelL institutions to come up with robust
policies and frameworks that ensure ethical and inclusive use of Al technologies in
education. It is very important for ODeL institutions to address such challenges so that
the full potential of Al can be unlocked hence transform ODeL into Southern Africa [4],
(9], [5].

This research paper seeks to explore the adoption of Al in ODeL within Southern African
higher education. The study aims to examine the use of Al in ODelL institutions across
Southern Africa and identify the success and challenges faced. Lastly the study seeks to
provide insights on how Al can best be implemented to enhance teaching and learning
in ODeL environments. Section 2 presents the problem statement while section 3
presents the methodology employed for the systematic review. Furthermore, section 4
provides the results gathered from reviewed literature and highlights coding ideas that
can be implemented based on the literature reviewed. Section 5 highlights the discussion

of the research study while section 6 provides the conclusions.

2. METHODS

The aim of the study is to examine the application of Al in ODelL institutions in Southern
Africa, Focusing on potential benefits and challenges faced. Systematic review
methodology was adopted to evaluate opportunities, challenges and trends associated
with the adoption of Al in ODelL institutions in the Southern African institutions. The
focus was on countries such as South Africa, Zimbabwe, Botswana, Zambia and Malawi.

This study selected literature using a three-level approach.

To ensure selection of relevant articles, the study First evaluated keywords, titles and
abstracts of articles. Secondly, a thorough analysis of the titles was done to select only
the articles that aligned with the scope of the research. Lastly, the study also evaluated
the credibility of articles selected by thoroughly going through their abstracts to ensure

they were in line with the objectives of the study.
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A thorough search was done in academic and open-access databases that include Google

Scholar, ResearchGate, the Directory of Open Access Journals (DOAJ), Institutional
repositories, ScienceDirect and Semantic Scholar. The secondary sources were extracted
using key words "Artificial Intelligence” AND “Open and Distance Learning,” “Al in ODel”
AND "Southern Africa,” “Al adoption” OR “Al implementation” AND “Zimbabwe" OR “Zambia"
OR “Malawi,” and “Al challenges” AND “eLearning” AND “Southern Africa". The review
targeted literature that was published between 2019 to 2025 to gain more insights on

the recent use and adoption of Al in ODelL institutions in the Southern Africa Region.

Thematic analysis was employed to identify, categories, analyse and interpret key insights
from secondary data collected to ensure a thorough understanding of Al adoption in
ODel institutions, focusing on the potential benefits and challenges being faced. The
study started with an initial pool of 143 studies and the inclusion and exclusion criteria
were used. The study selected studies that mainly Focused on the application of Al in
ODel institutions mainly within the Southern Africa region and were peer reviewed or
reports from institutions. All the literature selected was published in English. The study

remained with 79 studies after a thorough screening process.

2. Data Inclusion and Exclusion Strategy

Table 1 shows the inclusion and exclusion criteria that was utilised in this study. The
criteria assisted in coming up with a sample of articles that were very relevant to the
objectives of the study. This was done to select high quality articles that give insight into

Al Adoption in Southern African Open and Distance e-Learning.

Table 1. Inclusion and Exclusion Criteria

Aspect Inclusion Criteria Exclusion Criteria

Articles that focused on other
Articles that have the key
Subject unrelated areas (Agriculture, Health,
words of the research study
Mining, etc.)

Peer-reviewed journal
Document
articles, Institutional Short Survey, Book Chapter, editorial
Type
repositories
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Aspect Inclusion Criteria Exclusion Criteria
Selection Articles that gave access to Articles that provide titles and
Criteria the whole article abstracts
Year of
Articles from 2019-2025 Papers older than 2018
publication
Language English Other Languages

2.2. Systematic Literature Review

The study selected the relevant literature from Google scholar, ResearchGate, the
Directory of Open Access Journals (DOAJ), Institutional Repositories, ScienceDirect and
Semantic Scholar as outlined in the Systematic Literature Review flowchart below. On
the first phase of the process, about 453 were retrieved. The second phase selected
articles that were peer reviewed to ensure quality of the research study. From 453 in
Phase 1, the total number was narrowed down to 246 in the second phase where relevant
journal articles and institutional repositories were prioritized. The third phase further
removed articles that were irrelevant, duplicates and non-English. The final Fourth phase
resulted in the selection of 79 total articles to assist in answering the research question

of the study as shown in Table 2 and Figure 1.

Table 2. Inclusion and Exclusion Criteria

Database Search String Hits

Google Scholar “Artificial Intelligence” AND “"Open and Distance Learning,” “Al 109
in ODel" AND "Southern Africa,” "Al adoption” OR "“Al
implementation "AND “Zimbabwe”" OR “Zambia" OR “Malawi,’

and "Al challenges” AND “eLearning” AND "Southern Africa”

Directory of Open “Artificial Intelligence” AND “Open and Distance Learning,” “Al 59
Access Journals in ODel" AND “Southern AFfrica” "Al adoption” OR “Al
(DOAJ) implementation” AND “Zimbabwe” OR “Zambia" OR “Malawi,’

and "Al challenges” AND “eLearning” AND "Southern Africa”

ResearchGate “Artificial Intelligence” AND “Open and Distance Learning,” "Al 81
in ODel" AND "Southern Africa,” "Al adoption” OR "“Al
implementation” AND “Zimbabwe” OR “Zambia" OR “Malawi,’

and "Al challenges” AND “eLearning” AND "Southern Africa”
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Database Search String Hits

Directory of Open “Artificial Intelligence” AND “Open and Distance Learning,” "Al 57
Access Journals in ODel" AND “Southern AFfrica" "Al adoption” OR “Al
(DOAY) implementation” AND “Zimbabwe” OR “Zambia" OR “Malawi,’

and "Al challenges” AND “eLearning” AND "Southern Africa”

ScienceDirect “Artificial Intelligence” AND “Open and Distance Learning,” “Al 73
in ODel" AND "Southern Africa,” "Al adoption” OR "“Al
implementation” AND “Zimbabwe” OR “Zambia" OR “Malawi,’

and "Al challenges” AND "eLearning” AND "Southern Africa”

Semantic Scholar  “Artificial Intelligence” AND “Open and Distance Learning,” "Al 74
in ODel" AND "Southern Africa,” "Al adoption” OR "“Al
implementation” AND “Zimbabwe” OR “Zambia" OR “Malawi,’

and "Al challenges” AND "eLearning” AND "Southern Africa”

Total 453

Plhzset-Defining Resalts

Fhase 2- Refining Resuits
-

Joumal articles and

Insdrutoral repositoses

.

Phase 3- Refining Results 2xd selecting zesﬂx
-

Without Duplicates 140

== ()
Fhase 4 — Related Search
[ Hot Ficks H 26 ]

4

Final Hits 79

Figure 1. Definition of Final Results.
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3. RESULTS AND DISCUSSION

3.1. Overview of Open and Distance e-Learning (ODel)

Open and Distance e-Learning (ODel) is defined as an educational approach that utilises
open learning principles, e-learning technologies and distance education methodologies
to help students with flexible, affordable and accessible learning opportunities. According
to [10] ODel is an educational approach that utilizes open and distance learning models
that remove all barriers to learning access and allow learners to study remotely with the
aid of digital platforms and virtual classrooms ([11], [2]. Under the ODeL model of learning,
students will be able to manage their own pace and place of study utilizing electronic
resources for instruction, engagement and assessment. In recent years, several ODelL
instruments have integrated digital platforms such as Learning Management Systems
(LMS) to facilitate synchronous and asynchronous learning. Institutions such as the
University of South Africa (UNISA) and the Zimbabwe Open University (ZOU) have
implemented e-tutoring systems that allow students to engage with learning materials

and participate in online discussions and assessments [12].

However, ODelL models face several challenges that include the need for a robust
infrastructure, lack of students' participation and engagement. Despite the challenges,
ODel institutions are adopting technology such as Artificial Intelligence (Al) in their
systems to meet the diverse needs of their students [13], [14]. The application of Artificial
Intelligence (Al) in ODeL can help in enhancing student learning experiences and solving
key challenges in remote learning. Al is defined as a branch of computer science that is
Focused on the creation of computer systems that mimic and perform tasks that require
human intelligence [15]. The systems can perform tasks such as learning, problem solving,

reasoning, and language processing.

3.2. Overview of Artificial Intelligence (Al) in ODeL

Artificial Intelligence (Al) is defined as a branch of computer science that is focused on
the creation of computer systems that mimic and perform tasks that require human
intelligence [16]. Al can perform tasks that include reasoning, learning, problem-solving,

understanding natural language, and perception [17].

2670 | Al Adoption in Southern African Open and Distance e-Learning: A Systematic ..



Published By
.|I> AsosiasiDoktor
\’/_-‘ Sistem Informasi Indonesia

3.2.1. Branches of Artificial Intelligence (Al) in ODelL

Al can be categorised into different branches that focus on various aspects of intelligent
behavior. One branch of Al is Machine Learning (ML), which mainly focuses on enabling
computers to learn from data that is available and continually improve with time without
explicitly being programmed. Another branch of Al is Natural Language Processing (NLP),
which Focuses on the interaction of computers and human languages [18]. With NLP
machines are capable of understanding, interpreting, and generating human language
[19]. On the other hand, Computer Vision is another branch of Al that Focuses on allowing
machines to interpret and process visual information from the world just like human
vision. Robotics is another branch of Al that combines Al with mechanical engineering to
enable the design and operation of robots to perform tasks autonomously [18]. Another

very important branch of Al is Expert Systems.

Expert systems focus on emulating the decision-making capabilities of a human expert
using a knowledge base and a set of rules [20]. Lastly, Deep Learning is another subfield
of machine learning that makes use of neural networks and is particularly used in
performing tasks such as image and speech recognition. The above-mentioned branches
of Al allow it to be fFused in different domains such as education, health, finance and

transportation among others.

3.2.2. Importance of Artificial Intelligence (Al) in ODeL

Al is increasingly becoming a very important in Open and Distance e-Learning (ODel)
institutions in Southern African. Al is providing innovative solutions to some of the
challenges that are peculiar to most Southern African ODelL institutions [21]. Solutions
are being provided in long-standing challenges experienced in the access, delivery, and
provision of quality of education. In their research study [22] stated that Al is being
adopted in Southern African Universities and has potential to enhance teaching and
learning through Intelligent Tutoring Systems (ITS) which can provide personalised
learning, instant feedback, and offering educational content according to student needs
[23], [24]. Al powered adaptive learning platforms can analyse student data such as
performance data and customise learning content based on student knowledge level and

learning needs.
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Al can also be utilised to automate assignment assessments thus allowing faster grading

and provision of instant feedback. This will enable instructors to consistently evaluate
student work and in the end lesson workload [25]. Another very critical component that
Al can provide is learner analytics. This component assists instructors and administrators
to identify at-risk students by tracking their engagement, performance patterns hence
provide timely interventions that could assist in retention rates. Despite all the benefits
posed by Al, most Southern African ODeL institutions often fFace peculiar challenges such
as limited technological infrastructure, a shortage of skilled professionals with expertise
in Al technologies and issues to do with ethics and data privacy [26]. Several literatures
point out that there are still ethical concerns such as data privacy and algorithmic bias.
To Fully implement and adopt Al in a beneficial manner, [26] stated that institutions
should collaborate and invest in infrastructure, develop inclusive policies and invest in

skills training and ethical governance.

3.3. Current Al adoption Case Studies in Southern Africa

Artificial Intelligence (Al) is currently being integrated in most Open Distance e-Learning
(ODel) higher and tertiary institutions across Southern Africa to enhance teaching and
learning. This study reviewed literature pertaining to the current application of Al in ODeL
institutions within Zimbabwe, Zambia, Malawi and South Africa, highlighting specific case

studies and their impacts.

Open Distance e-Learning (ODel) institutions in Zambia are increasingly incorporating
Information and Communication Technology (ICT) as well as Artificial Intelligence (Al) to
improve teaching and learning. In their study to examine student's experiences with
Fourth Industrial Revolution (4IR) in higher learning institutions in Botswana and Zambia,
[27] highlighted that several institutions have adopted and are utilizing learning
management systems, video conferencing tools and social media platfForms. However,
their study highlighted that there is need to further integrate new advanced technologies
such as Artificial Intelligence (Al), Virtual Reality (VR), and Augmented Reality (AR) to Fully
utilise the potential of education 4.0. Additionally, their study findings revealed
challenges that included adequate infrastructure, limited internet access, and lack of

training For both staff members and students.

2672 | Al Adoption in Southern African Open and Distance e-Learning: A Systematic ...



Published By
.|I> AsosiasiDoktor
\’/_-‘ Sistem Informasi Indonesia

A study by [27] examined students' experiences with Fourth Industrial Revolution (4IR)

technologies in higher learning institutions in Zambia and Botswana. The Ffindings
revealed that while institutions have adopted learning management systems, virtual
classrooms, video conferencing tools, and social media platforms, there is a need to
Further incorporate advanced technologies such as Al virtual teaching assistants, and
virtual reality (VR) to Fully realize the potential of Education 4.0. Challenges identified
include inadequate infrastructure, limited internet access, and insufficient training for
both Faculty and students [28]. According to Himoonga and Phiri (2020), the use e-learning
platforms in Zambian tertiary institutions is relatively low due to barriers such as
complex systems, inadequate hardware and software resources, and erratic power supply.
The studies done in Zambia and Botswana emphasizes the need for strategic investments
in infrastructure, policy development, and capacity building to efficiently incorporate Al

and ICT in Zambia's ODeL institutions.

3.3.1. Artificial Intelligence (Al) adoption in South Africa

In South Africa, The University of South Africa (UNISA) has been taking a leading role in
incorporating Information and Communication Technology (ICT) and exploring Artificial
Intelligence (Al) to enhance teaching and learning in its Open Distance e-Learning (ODel)
system. In their recent study to establish the effectiveness of technology in ODelL at
UNISA, Msekelwa (2024) revealed that students who effectively made use of technology

improved their communication skills and overall academic performance.

The University of South Africa (Unisa) is actively participating in the adoption of artificial
intelligence (Al) into its Open Distance e-Learning (ODel) system [29]. The university on
the 6th of September 2024 hosted an Al related webinar titled "Demystifying and
destigmatizing Al in module design and development”. The webinar focused on how Al
can be utilised in the creation of adaptive, student-centered modules that will assist
them to achieve its CODel strategy (comprehensive, open, distance and e-learning). On
the same webinar, UNISA's Academic Development Open Virtual Hub (ADOVH)
demonstrated an Al powered chatbot named Lwazi, which was developed to help
students in as Far as administrative and exam issues were concerned. The chatbot offered
students real-time responses and personalised support. Discussions on ethical and

practical Considerations were also done during the 2023 Open and Distance Learning
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(ODel) Conference. This conference emphasized the need to balance Al adoption with

human oversight in teaching and learning practices. Furthermore, in South Africa, the
University of Pretoria (UP) also adopted Al applications to enhance teaching and learning.
They held workshops that introduced academic staff to Al tools such as ChatGPT, which
can be utilised in summarizing complex information, solving mathematical equations, and
providing 24/7 tutor support. The initiatives by the institutions are aimed at enriching

teaching and learning hence offer personalized assistance to students.

3.3.2. Artificial Intelligence (Al) adoption in Malawi

In Malawi higher and tertiary institutions are also actively integrating artificial
intelligence (Al) into their Open Distance e-Learning (ODel) frameworks. The Malawi
University of Science and Technology (MUST) through the Centre for Artificial Intelligence
and STEAM (CAIST) with support from US, has taken a leading role in the promotion of Al
and STEAM education, supporting the country’'s Vision 2063 for technological
advancement (VOA News, 2023).Additionally, students at MUST developed Al- driven
projects that includes a deep learning system for rapid measles diagnosis and also a
machine learning-based crop recommendation system to help farmers [30]. Similarly,
Mzuzu University (MZUNI) established an Open and Distance learning center and is

offering e-learning programs through five satellite centers across Malawi.

3.3.3. Artificial Intelligence (Al) adoption in Zimbabwe

In Zimbabwe, the Zimbabwe Open University (ZOU) took a leading role in integrating
Information and Communication Technology (ICT) in its ODelL framework. The university
implemented a Moodle based learning management system called MyVista. The MyVista
platform is an e-learning system that assists instructors and students to conduct online
teaching and learning activities. Instructors can upload learning materials in various
Formats and registered students access the learning materials, communicate with peers,
lecturers and submit assignments online [31]. In terms of implementing Al, ZOU adopted
the education 5.0 model and implemented Al based projects such as an Al tomato disease
detection system that also provided remedies to assist local Farmers in Zimbabwe. This
research project was showcased at the Zimbabwe International Trade Fair in 2024,
demonstrating that the university is committed to adopt Al to enhance teaching, learning

and community benefit [31]. However, since its Full implementation of the MyVista e-
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learning system in 2017, both students and staff Faced several challenges that include

limited ICT resources, limited training, and poor network connectivity to Fully utilise the
learning management system. Furthermore, recent research points out that the ethical
use of Al within university libraries in Zimbabwe show that several institutions, including
ZOU, are still in the early stages of Al adoption. There are continuing efforts to draft
suitable policies that address challenges related to transparency, data security, and

intellectual property protection [32], [33].

University of Zimbabwe which offers blended learning is also taking a leading role in the
implementation of Al to enhance teaching and learning. The University of Zimbabwe (UZ)
developed an Al tool that incorporated advanced analytics and machine learning
algorithms. The tool was used to tailor learning pathways to meet individual student
needs [7]. The tool was used to track student performance data in real-time and allowed
timely interventions to students who were struggling with their academic work. The Al
tool was able to flag students who were at risk of failing based on their submissions and
academic performance. Instructors were able to timely offer assistance and resources
to struggling students to improve student retention rates. Results obtained from the use
of the Al tool indicated a significant improvement in student engagement and overall
academic performance, as students felt more engaged and supported in their academic

work [7].

3.4. Challenges and opportunities realized in the adoption of Al
Open Distance e-Learning (ODel) institutions in Southern Africa realised several
challenges and opportunities in the adoption of Al. This research study highlighted some

of the opportunities and challenges faced.

3.4.1. Notable opportunities realised through Al adoption

Higher and Tertiary institutions in Southern Africa that integrated Al into their ODeL
systems increased student engagement in learning. An example is The University of Cape
Town (UCT) in South Africa, developed an Al- driven chatbot that assisted students to
have access to academic resources and support. The chatbot operated 24/7, helping with
academic queries, course information, and administrative support. According to Lotter,

Benade, and Sutherland (2021), about 70% of students who used the chatbots Found out
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that it increased interaction, engagement, and satisfaction in resolving their queries.

Furthermore, the university gathered data from chatbot interactions with the students,
and it assisted them to identify common areas of misperception among students, helping

in improved decision making to improve course materials and outreach plans [34], [35].

Al has also been adopted to enhance personalised learning experiences in higher and
tertiary institutions in Southern Africa. The University of Zimbabwe (UZ) For example,
adopted the blended learning model since the COVID 19 period hence developed an Al
based system that incorporated advanced analytics and machine learning algorithms [7].
The system developed was able to track student performance data in real time assisting
instructors to identify struggling students and allow timely interventions. The system
was able to flag students who were at risk of failing based on submissions and
engagements made. Results obtained from the use of the Al system indicated an
improvement in overall student engagement, performance and retention, as students felt

that they were given sufficient help in their academic journey [7].

The University of Malawi (UNIMA) has adopted Al in their ODeL model of learning to
Facilitate the management and delivery of distance education courses. UNIMA developed
Al tool that automated administrative tasks to allow staff members to focus on student
support and content improvement. The Al tool developed utilised natural language
processing to provide students with resources and answers on frequently asked
questions hence create a collaborative learning and teaching environment. Students were
able to interact with their instructors and peers through the Al tool hence improve their
engagement and learning experiences. About 85% of the students indicated that Al tool
used significantly improved their learning experiences and enhanced teaching and
learning. Additionally, The University of Zambia (UNZA) has also adopted Al in its ODelL
model of learning by developing an Al tool that promoted personalised learning
experience for students enrolled in their ODelL programs [27]. The tool analysed student
learning behaviors and interactions, adjusting content delivery based on student's
learning style. Students who used the tool reported that the tool promoted autonomy,

engagement and motivation in their learning process [36].
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Based on the examples cited in this study, Al integration can assist educational

policymakers and academics to create teaching and learning environments that lead to
increased student engagement, allowing them to learn at their own pace and have control
of their learning to understand the subject matter [37], [38]. Furthermore, the integration
of Al in higher education ODelL institutions provides personalized learning that

accommodates each student's preferences [5].

3.4.2. Challenges Faced in Al Adoption.

Research indicates that implementing Al in ODeL models is very beneficial but however
the cost of implementing Al technologies is still a huge challenge to several institutions
in Southern Africa. Institutions have limited budgets and as a result fail to invest in
advanced Al technologies and required support infrastructure [4], [39]. Institutions in
higher education lack the finances to continuously provide training to staff members
hence Al adoption becomes a challenge [40]. Additionally, institutions of higher and
tertiary education lack clear strategic direction in the integration of Al in education.
There is no strong leadership, clear strategy and efforts to implement Al leading to
skepticism among staff members on the long-term viability of Al adoption to the

organization [41].

Higher and Tertiary institutions lack policies and regulations to govern Al adoption [4].
This was supported by [40] who in their study stated that Higher Education institutions
Face challenges to adopt Al due to ambiguity in policies and regulations. They further
stated that currently few institutions have legislation and regulatory frameworks to
govern the use of Al [42], [3]. Furthermore, recent research points out that another
challenge Faced to adopt Al in institutions is the issue of data privacy and ethics [43].
Staff members and students are concerned about how collected data will be protected
for privacy and used in an ethical way. There is growing fear that Al might infringe into

staff and student privacy, hence lead to misuse of sensitive information [3].

Recent research pointed out that there is a gap in higher and tertiary institutions.
Understanding 4IR technologies including Al make it very complex For institutions to
implement various technologies [44], [3]. According to [5], Al is still an unexploited

resource in higher and tertiary education due to lack of expertise and knowledge sharing.
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Most Higher Education institutions are lagging in very crucial indicators fFor effective

digital transformation due to lack of digital and technological skills as well as low levels
of academic success [3][5]. Institutions are still Facing challenges in developing the
required infrastructure, training faculty and continuous maintenance of Al systems

sometimes due to lack finances and resources [5], [39].

3.5. Most EFfective Al Interventions in Southern Africa

3.5.1. Intelligent Tutoring Systems (ITS)

The study noted that several Al interventions were done in Southern Africa ODelL
institutions but however, most institutions implemented intelligent tutoring systems (ITS),
Natural language processing (NPL) chatbots and Al-predictive analytics. Several ODelL
institutions are investing more on the development of Intelligent Tutoring Systems
maybe to address the challenge of high student instructor ratios, a challenge that is
associated by many ODeL institutions in Southern African region. Additionally, ITS
systems might be popular among ODelL institutions because assist Universities to
continue running in the event of natural disasters such as COVID 19 since they offer
adaptive learning paths, and automated instructional assistance. Furthermore, many
institutions in countries such as Zimbabwe, Malawi and Zambia are under-resourced
hence ITS assists to lesson burdens to instructors but still managing to offer personalised

learning experiences to enhance student engagement [45].

3.5.2. NLP Chatbots

Several ODelL institutions are gearing towards enhancing teaching and learning by
providing instant feedback to students hence NLP chatbots are widely utilised. With
applications such as WhatsApp being popular among many enrolled and prospective
students, NLP chatbots assist institutions to support students 24/7 and this can boost
their enrolment and assist in student retention to generate revenue especially in
resource constrained countries such as Zimbabwe, Malawi and Zambia [45]. Furthermore,
Chatbots are very effective in answering frequently asked questions, offer academic
guidance and can assist both urban and rural students which in most cases are the goals
of ODel institutions. Gadgets that use WhatsApp for example are widely used in both

urban and rural areas hence chatbots developed on that platform reach a wide range of
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potential and Full-time students. Lastly, unlike ITS, NLP chatbots are easy to develop,

deploy and maintain hence that might be the reason most institutions adopted them.

3.5.3. Al-Predictive Tools

Al-predictive tools were also popular in resource constrained countries such as
Zimbabwe, Malawi and Zambia. This was because of the need to get insights into the
number of students who may be at risk of dropping so that quick interventions may be
made. Most institutions in Zambia, Malawi and Zimbabwe enroll many students to fund
their operations because of lack of financial support from government. Al analytics will
assist in better decision making so that they minimise student dropouts, a factor that
directly affects their existence. For instance, studies that were carried out in Zambia and
Malawi highlighted that with the intervention of Al powered analytics, more students
complete their studies. Additionally, predictive analytics were also popular among several
institutions, maybe because they are easy to scale and deploy unlike Intelligent Tutoring

Systems (ITS).

3.6. EFfective Technical Foundations in the Adoption of Al in ODelL

There are several Al tools that can be used to support Open and Distance e-Learning
(ODel) institutions. To develop effective Al tools in ODel, several technical components
need to be considered, and these range from data infrastructure to algorithmic design.
There will be a need for robust data collection and management systems that can collect
learner data from different sources that include Learning Management Systems (LMS) as
well as real-time user interactions platforms. The data collected from the LMS will be
used as the training input For machine learning (ML) algorithms such as supervised
learning models. The supervised learning models can then be used to perform predictive
analytics such as predicting students who are at risk of dropping out or recommending

personalized content path [13].

3.6.1. Natural language processing

Natural Language Processing (NLP) is another very important Al technology that can be
utilised in ODeL institutions. NLP can be used to develop Al-powered chatbots and virtual
assistants that can assist in the provision of real-time academic and administrative

support. Al-powered chatbots and virtual assistants can be used to enhance accessibility

Tirivashe Mafuhure, Mampilo Phahlane, et al | 2679



Published By
.|I>) Asosiasi Doktor
\’/_-‘ Sistem Informasi Indonesia

and learner engagement in asynchronous environments [46]. Furthermore, there will be

a need to invest into Cloud computing infrastructure because it is very important for
scalability and real-time Al services. ODeL institutions should implement techniques such
as fairness-aware modelling and differential privacy to ensure ethical deployment of Al
tools to protect user data [47]. Literature points out that it is very important to utilise
open-source Al frameworks such as TensorFlow or PyTorch when developing Al tools to
accelerate development and lower costs for ODelL institutions with limited financial
resources. Finally, it is recommended that ODel institutions should consider continuously
monitoring Al tools and implement human-in-the-loop systems (HITL) that involve the
intervention of humans in Al processes to ensure transparency, reliability, and
pedagogical alignment of Al tools in educational environments. By addressing some these
very important technical Foundations, Al solutions that can be developed will be able to
effectively enhance learner experiences and administrative efficacy in Southern African

ODel settings.

3.7. Programming and Coding Ideas of Application of Al in ODelL

In recent years, ODelL institutions have developed innovative Al based tools to improve
the quality of teaching, learning and administration. Recent literature points out that the
Al based tools developed by various institutions in Southern Africa have greatly improved
quality of teaching, learning personalization, student engagement, and institutional
efficiency [48], [49]. Al assists institutions to develop important tools such as adaptive
learning platforms that make use of reinforcement learning algorithms. The adaptive
learning platforms adjust content dynamically based on individual student progress,
grades, and learning styles, hence promote self-regulated learning and academic success
[50], [13]. Furthermore, Institutions are also developing intelligent systems that detect
learning styles of students using behavioral data. The system will then deliver visual,
auditory, or kinesthetic learning content based on the students' preferences.
Additionally, Natural Language Processing (NLP) has been very important in the
development of multilingual Al chatbot tutors. Several Al chatbots were developed to
provide instant academic support to students in different subjects, especially in complex

subjects such as computer programming [51], [52].
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ODelL institutions utilised predictive analytics tools using machine learning models such

as Random Forests and XGBoost. Random Forests and XGBoost models enabled
institutions to quickly identify students who were struggling with their studies and were
at risk of dropout and offer timely interventions [53], [39]. Furthermore, Al is being utilised
in exam monitoring processes through computer vision-based proctoring tools that are
being used to detect questionable student behavior using facial recognition and motion
tracking tools [54], [55]. Several Al based systems were developed in Southern African
ODel institutions and most of them utilised open-source frameworks such as PyTorch,
TensorFlow and NLP libraries to address challenges peculiar to the region. These Al
frameworks and libraries are very important in the creation of systems that address
challenges such as lack of resources, limited student instructor interaction, and lack of

instant Feedback among other challenges [56], [57]

3.7.1. Adaptive Learning with Reinforcement Learning (Q-learning) Use Case in ODeL

Adaptive learning with reinforcement learning, particularly using Q-learning, can be
utilised in ODelL where an Al educational system can personalise the learning paths of
individual student based on how the individual interacts with the system. Q-learning is a
kind of model-free reinforcement learning technique used in ODelL environments. It uses
an agent (in this example, an ODeL learning system) to maximize cumulative rewards to
learn the best course of action in each environment [58]. In the context of adaptive
learning in ODeL, the Learning Management System (LMS) will be the agent, while student
interactions with the LMS (like answering questions correctly or incorrectly) will denote
the environment's responses [58]. The LMS will constantly observe how students interact
and respond to different types of learning content, and in the end learns to recommend
the most suitable learning needed by each student, thus enhance engagement and
performance over time [6], [59]. Figure 4.1 shows code snippet that simulates how an
ODelL learning management system (LMS) can modify learning materials based on the

student's expertise in the subject.

The code on Figure 2 simulates how ODel Learning Management Systems can implement
an adaptive learning system that modifies learning content based on the student's
proficiency level. On the code states represent the different student learning levels and

that includes, Beginner, Intermediate and Advanced levels. On the other hand, Actions on
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the code represent the complexity of learning resources and these includes Easy,

Medium, Hard. The Q-table is a matrix where the LMS system “learns” which actions yield
the best long-term learning outcomes for each state. In the learning process, the
algorithm chooses actions randomly (exploration) or based on the past learning which is
(exploitation). It then updates the Q-table using the reward system, where better
educational choices fFor example giving an “Easy” task to a beginner are rewarded.
Adaptive learning with reinforcement learning, particularly using Q-learning can be
utilised to personalise learning pathways of students based on past progress and

performance.

import numpy as np

# Define states and actions
states = ["Beginner", "Intermediate", "Advanced"]
actions = ["Easy", "Medium", "Hard"]
Q = np. zeros ((3, 3)) # Q-table

alpha = 0.1 # Learning rate
gamma = 0.6 # Discount factor

epsilon = 0.1 # Exploration rate

# Dummy reward function

rewards = np. array ([[10, -10, -20],
[-10, 20, -101,
[-20, -10, 10]11)

# Q-learning loop (simplified)
for i in range (1000):
state = np. random. rand (0, 3)

if np. random. rand () < epsilon:
action = np. random. rand (0, 3)
else:
action = np. argmax (Q[state])

reward = rewards [state, action]
next state = (state + 1) % 3
Q [state, action] = (Q [state, action] + alpha *
(reward + gamma * np.max(Q[next state]) - Q [state, action]))

print ("Learned Q-table:")
print (Q)

Figure 2. Adaptive learning system code snippet
3.7.2. Student Drop out prediction (Random Forest Classification) Use Case in ODelL

Student dropout prediction is very important in ODelL higher and tertiary education.

There is a need for institutions to perform educational data mining to identify students
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at risk of dropping their studies early. To perform such tasks, Random Forest

Classification can be utilised. Random Forest Classification is an ensemble machine
learning method that is very useful in student drop out prediction because it handles
both categorical and numerical data very well [60], [61]. Furthermore, it also resists
overfitting and provides feature importance. Random Forest Classification operates by
constructing several decision trees during training and outputting the class (dropout or
not) that is the mode of the predictions from individual trees [8]. This will enable ODelL
institutions to quickly identify student learning pattens such as performance, attendance,
engagement. Analysis of these patterns will give an insight on students with a likelihood

of dropout [16], [62].

from sklearn. ensemble import RandomForestClassifier
from sklearn. model selection import train test split
from sklearn. metrics import accuracy score

# Example dataset

X = [[5, 801, [2, 451, [3, 601, [1, 3011 # [login frequency,
attendance %]
y = [0, 1, 0, 1] # 0 = No dropout, 1 = Dropout
model = RandomForestClassifier ()

X train, X test, y train, y test = train test split (X, vy,
test size=0.25)
model.fit (X train, y train)
y_pred = model. predict (X test)

Figure 3. Student Dropout Prediction code snippet

The code snippet on Figure 3 shows Random Forest Classification model that can predict
student retention risk using machine learning. As shown in Figure 3 the Input Features
include the login frequency and attendance percentage. The Random Forest Classifier
model is a very powerful ensemble method that builds multiple decision trees and is
used for classification and regression tasks. It works by building multiple decision trees
during training and produces the majority class(classification) or average
predictions(regression) from the trees. As shown on the code snippet, the Random Forest
does not rely on a single tree because it can overfit. It builds on several trees, and each
tree is trained on a random subset of data and features. The trees will vote, and the
majority decision is regarded as the final prediction, hence better generalization and high
accuracy. On the code snippet above, the Random Forest Classifier object by default

builds 100 decision trees and each tree is trained on a random subset of students and
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features. Data is split into two, 75% For training (X_train, Y_train) and 25% Ffor testing

(X_test, Y_test). This assists to evaluate how well the model performs on unseen data. On
the code, the model.fit (X_train, Y_train) trains the model on the training data. Internally
multiple decision trees are created, and each tree makes splits which are decisions. The
decisions made are based on login frequency and attendance percentage to predict
student dropout. The trained model predicts the outcomes of the test set (y-pred=model.
predict(X_test). Print ("accuracy”, accuracy_score (y_test, y_pred”) compares predicted
versus the actual values and prints the accuracy score. Accuracy will be equal to correct
predictions divided by the total predictions. The output from the code snippet above will
be a binary classification where Dropout (1) or No Dropout (0). The Random Forest
Classifier model can assist ODel institutions to quickly identify students showing signs

and disengagements hence proactively intervene.

3.7.3. Voice-to-Text with Summarization (SpeechRecognition + Transformers)

Higher and Tertiary ODelL institutions can also utilise Voice-to-text with summarization
which is an advanced natural language processing (NLP) task. Voice-to-Text with
Summarization task converts spoken language into written text (transcription) and then
shrinks it into a short summary [63], [64]. This is very important in higher education ODeL
settings, journalism, and meeting documentation. The system comprises two major
components. The First component is speech recognition. Its major purpose is to transcribe
audio using libraries like SpeechRecognition or APIs such as Google Web Speech. The
second component is the text summarization, which can be implemented by transformer-
based models such as BART or T5 using the transformers library by Hugging Face [63],
[64], [65]. This pipeline allows automation of very long audio processing into meaningful

summaries, enhancing productivity and accessibility [63], [66].

import speech recognition as sr
from transformers import pipeline
# Speech-to-text
recognizer = sr. Recognizer ()
with sr. Microphone () as source:
print ("Speak something...")
audio = recognizer. listen (source)
text = recognizer. recognize google (audio)
# Summarization
summarizer = pipeline ("summarization")
summary = summarizer (text, max length=50, min length=25, do_sample=False)
print ("Summary:", summary [0] ['summary text'])

Figure 4. Voice-to-Text with Summarization code snippet
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The code snippet on Figure 4 transcribes spoken content such as lectures and

summarizes it for review or revision. SpeechRecognition captures the audio from the
microphone and transformers. pipeline(‘summarisation”) uses an NLP model to summarise
the transcribed text. A Python library called speech_recognition is used to recognize
speech from audio. The transformers library is a library from Hugging Face and pipeline
is a high-level interface that performs tasks such as translation and summarisation. The
recognizer=sr. Recognizer () creates an instance of the Recognizer class which processes
the audio output. The user speaks using a microphone and the audio=recognizer.
listen(source) records audio from the microphone until there is silence. The
text=recognizer. recognize_google(audio) line of code converts the recorded audio to
text using Google's speech recognition APl.  On the summarization section the
summarizer=pipeline('summarization’) line of code loads a pre-trained summarization
model using Hugging Face's pipeline. The summary=summarizer (text, max_length=50,
min_length=25, do_sample=False) line of code generates a summary of transcribed text,
controlling how short or long the text can be. The summary generated from the spoken
input is printed out by the print (‘Summary:” summary [0] ['summary_text]) line of code.
In summary this script records a user's voice using a microphone, converts what is said
into text, summarizes the text using a machine learning model and finally prints the
summary. Voice-to-Text with Summarization can be utilised by ODelL institutions to
enable students to automatically generate summarized notes from lectures and voice

tutorials for revision purposes.

3.7.4. Course Recommendation System

ODeL higher and tertiary institutions can also make use of Al based recommendation
systems to assist students to discover relevant courses based on their interests, behavior,
or performance. The Al based recommender systems make use of collaborative Filtering
that can recommend courses or reading material based on what other similar students
liked or content-based filtering that recommends based on course attributes and learner
profiles [67], [68]. Machine learning algorithms can generate personalised course
suggestions based on a student's data such grades, skills level, and completed courses
hence improve user experience and learning outcomes [69]. Figure 5 shows a code

snippet of a course recommender system.
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from sklearn. feature_extraction.text import TfidfVectorizer
from sklearn. metrics. Pairwise import cosine similarity

courses = ["Introduction to Python", "Advanced Data Science", "Web
Development Basics", "Machine Learning"]
query = "python data science"

vectorizer = TfidfVectorizer ()
tfidf matrix = vectorizer.fit transform (courses + [query])

cosine sim = cosine similarity (tfidf matrix [-1], tfidf matrix [: -
17)
recommended index = cosine sim. argsort () [0] [-1]
print ("Recommended course:", courses[recommended index])

Figure 5. Course Recommendation code snippet

The code snippet on Figure 5 recommends courses or learning materials based on user
preferences or search terms. The TfidfVectorizer converts text into numerical format
based on importance (termfrequency). The cosine_similarity compares the user's query
with the course content. Data is set up with a list of available courses as well as a query
which is a search term or an input of interest from the wuser. The

vectorizer=TfidVectorizer () line of code creates an object called TfidVectorizer.

The fit transform method vectorizes all course titles plus the user query into TF-IDF
feature vectors and courses + [query]l combines the list of course titles with the query.
The line of code cosine_sim=cosine_similarity (tFidf_matrix [-1], tfidf_matrix [ -1])
calculates the cosine similarity between the vector for the query (tFidf_matrix [-1]) and
all vectors for the course titles (tFidf_matrix [: -1]) and this will give a similarity score for
the query against each course. To find the best match recommended_index=cosine_sim.
argsort () [0] [-1] line of code is used. On the system argsort () returns indices that would
sort the similarity scores and [-1] picks the index of the course with the highest similarity
score. In conclusion, this Al recommender system takes a list of course titles and then
accepts a user query. The system then measures similarity between the query and course
titles making use of text-based comparisons (TF-IDF + cosine similarity) and then
recommends the course that is relevant. The Al recommender system can be utilised in
ODel systems to suggest resources, learning paths as well as elective modules based on

students’ interests and needs.
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3.7.5. Simple Chatbot using Natural Language Toolkit (NLTK)

Natural Language Toolkit (NLTK) is an Al technology that can be utilised in ODelL to
develop tools like chatbots. Natural Language Toolkit (NLTK) make use of basic Natural
language processing (NLP) techniques such as tokenization, stemming, and keyword
matching to comprehend and give responses to user input [70], [71]. The Chatbots
developed may not be as advanced as transformer-based bots but rule-based chatbots
are easy to implement and are very useful in providing guidance to students especially
in ODel settings where physical interaction is sometimes limited. NLTK is very useful in
the processing of user input and mapping it to predefined answers using pattern

matching or similarity logic [72], [73].

import nltk
from nltk. chat. util import Chat, reflections

pairs = [

[r"hi|hello"™, ["Hello, how can I assist your learning today?"]],
[r"what is python", ["Python is a high-level, interpreted
programming language."]1],

[r"quit", ["Goodbye!"]7,

]

chatbot = Chat (pairs, reflections)
chatbot. converse ()

Figure 6. Natural Language Toolkit code snippet

The code snippet on Figure 6 above shows how Natural Language Toolkit (NLTK) can be
utilised to build a simple chatbot that can assist students in ODel learning environments.
The code generally provides basic, predetermined answers to questions that are
frequently asked by students. The critical modules that are utilised are The Natural
Language Toolkit (nltk) which is a library that works with human language data (text).
Additionally, chat is a utility class from NLTK that is used in the building of rule-based
chatbots and lastly reflections which is a built-in dictionary that handles common

transformations for example (From “I" to “You"). On the code pairs define the chatbot
responses. Each item in the list is a regex patten For example (“hilhello” matches either
“hi" or “hello”). So, if the user types hi or hello, the First response will be given which is
["Hello, how can | assist your learning today?']. The chatbot= chat (pairs, reflections) line
of code creates a chat object using the defined pairs and reflections helper and this

prepares the bot to match inputs from the users to responses.
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The chatbot. converse () line of code starts the chatbot in interactive mode and

continually prompts a user for input until they quit. The Al based chatbots are very
important to ODeL institutions as they can act as 24/7 virtual assistants for learners that

might need assistance outside normal working hours or needing administrative inquiries.

3.8. Discussion

The integration of Al in Southern African higher and tertiary institutions has gained
momentum especially in the current context of education 5.0. According to [32], [74], this
technological phase put emphasis on the significance of technology incorporation and
personalized learning, making use of data analytics and Al to tailor learning experiences
[25] [75]. The review noted several successful case studies in South Africa, Zimbabwe,
Botswana, Zambia and Malawi. However, the study noted that institutions in developing
countries such as Zimbabwe, Malawi and Zambia mostly implemented chatbots in their
learning environments primarily because they are not costly to implement unlike
predictive analytics systems. According to [78], institutions in economically disadvantaged
countries face significant infrastructural discrepancies, thus widening the digital divide.
Well-resourced institutions like UNISA in South Africa have implemented both chatbots
and predictive analytics systems to enhance teaching and learning. UNISA has the
capability in terms of the hardware, software and human resources to support advanced
Al applications compared to institutions in developing countries around the Southern
Africa region. This comparative analysis shows that many institutions are aware of the
benefits of Al but there is an uneven progression in the implementation process because

institutions' capacity, policy and funding play a pivotal role [78].

The study also identified in the literature that there is minimum collaboration among
ODel institutions across the Southern African region [5], [77]. According to [5] and [77],
there is lack of strong regional partnerships and knowledge sharing mechanisms and this
can lead to risks such as siloed development and redundant efforts. Since most
institutions in the region face similar challenges, the study highlights the need for cross-
institutional alliances to share resources such as infrastructure, training, and joint

research.

2688 | Al Adoption in Southern African Open and Distance e-Learning: A Systematic ..



Published By
.|I>) Asosiasi Doktor
\’/_-‘ Sistem Informasi Indonesia

Most literature reviewed had limitations and biases in that it just highlighted the

transformative potential of Al, keeping a blind eye on long-term implementation
challenges and failures. Additionally, most of the literature reviewed originated from
South Africa as compared to other countries such as Zimbabwe, Zambia, Malawi and
Botswana. Most of the research sources originated from well-resourced institutions such
as UNISA, UCT, and University of Johannesburg and this had the risk of skewing the

regional representation of Al adoption trends in the region.

The study also noted that there are recurring ethical concerns as far as Al adoption is
concerned in both resourced and under resourced institutions in the region. Literature
still highlights concerns towards data privacy, informed consent and algorithmic biases
[22], [79]. The risk of data misuse and breaches is very high especially in institutions that
lack a robust ethical and legal framework. Institutions are encouraged to advocate for
structured models such as the A18-Point model, to guide in the adoption of Al including

the development of transparent algorithms, stakeholder engagement and training [79].

Ethical concerns were another recurring theme. Issues such as data privacy, algorithmic
bias, and informed consent remain inadequately addressed. The absence of robust ethical
and legal frameworks raises the risk of data misuse and breaches, especially in
institutions lacking cybersecurity capabilities [22]. To address these concerns, some
scholars advocate for structured models such as the A18-Point model [79], which provides
a roadmap for responsible Al adoption, including stakeholder engagement, training, and

transparent algorithmic design.

While the study was focused on reviewing literature on Al adoption in Open and Distance
e-Learning (ODel) within southern Africa, Finding obtained may be related to other
regions, especially those regions that have the same socio-economic, educational and
infrastructural challenges. Many of the challenges such as limited digital infrastructure,
ethical considerations, resistance to change are common challenges beyond the Southern
African Region. Other regions in the Sub-Saharan Africa as well as other low to middle
income countries in Asia and Latin America could also be facing the same challenges
hence findings obtained in the study may offer important lessons on patterns, barriers

and enablers to institutions who may want to fuse Al into their ODelL systems. However,
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it must be taken note that there will be need For caution in assuming direct

transferability because of differences in culture, technological readiness, and policy.

4, CONCLUSION

The study noted a growing interest in the adoption of Al among ODel institutions in
Southern Africa. Institutions such as The University of South Africa (UNISA), Zimbabwe
Open University (ZOU), Malawi University of Science and Technology (MUST), University
of Zimbabwe (UZ), and The University of Cape Town (UCT) have adopted Al to enhance
teaching and learning. Literature reviewed highlighted that the implementation of Al by
the universities proved to be beneficial especially with personalised learning experiences,
enhanced administration, and improved data-driven decision making. However, the
adoption process remains inconsistent with major challenges such as lack of proper
infrastructure, limited student instructor interaction, digital divide, and lack of skilled
personnel cited. Literature reviewed put more emphasis on isolated success stories
especially but not taking into consideration issues to do with long term outcomes,

scalability and socio-economic differences within the region.

Several studies have stated concerns as far as data privacy and algorithmic bias are
concerned, but few addressed the issues in much detail. Literature highlighted the need
For the development of regional-specific strategies that promote investment in shared
infrastructure and collaboration among universities, policy makers and technology
providers. Furthermore, the study recommends that future research should focus on
longitudinal studies that will evaluate how Al can be used to bridge the digital divide
especially in under-resourced countries such as Zimbabwe, Malawi, and Zambia. Without
synchronized efforts and collaboration among ODelL institution to formulate inclusive
policy frameworks, the transformative capability of Al in Southern African ODelL systems

may remain Fundamentally unexploited.
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