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Preface

The 54th Annual Conference of the Southern African Computer Lecturers’ Association
(SACLA) was held from the 30th of July to the 1st of August 2025 in Bloemfontein,
South Africa, hosted by the University of the Free State. As an in-person event, SACLA
2025 continued its tradition of fostering academic exchange and professional
collaboration in the fields of Computer Science, Information Systems, and Information
Technology education.

With the theme of “Innovation in CS, IS & IT Education: Navigating the Next Frontier”,
this year’s conference aimed to explore novel approaches to curriculum development,
digital pedagogy, and the responsible integration of emerging technologies in teaching
and learning. The conference also provided a platform for reflecting on evolving
challenges in higher education and sharing innovative solutions.

A total of 37 papers were submitted, of which 26 (70.3%) were accepted for
presentation following a rigorous double-blind peer review process. Each submission
was reviewed by at least three members of the programme committee. Authors were
required to respond to reviewer feedback with detailed rebuttals and change logs,
contributing to the high quality of the final papers.

The SACLA 2025 conference proceedings include 15 papers (40.5% of overall
submissions) that were selected for publication in this volume. In addition, nine top-
rated papers will appear in the Springer CCIS volume, highlighting contributions with
outstanding academic merit. Two Work-in-progress papers were published in a
separate section for the conference booklet.

The programme also featured a Head of Department (HoD) colloquium, and
opportunities for interactive discussions around current and future teaching practices
in computing education.

This year, SACLA recognised excellence in research across three tracks with the
presentation of four Best Paper Awards.

« The Best Paper in Information Systems was awarded to Carolien van den
Berg (University of the Western Cape) and Belinda Verster (Cape Peninsula
University of Technology) for their paper “Quintuple Helix, the Informal
Economy and Sustainable-Smart Innovations: Lessons to be Learned from a
Transdisciplinary Student Project”.

« The Best Paper in Computer Science went to Marc Levin, Herman Kandjimi,
and Aslam Safla (University of Cape Town; Namibia University of Science and
Technology) for their work “Leveraging Abstract Syntax Trees To Generate
Instructive Hints In Programming”.

« The Best Paper in Informatics, which also received the Overall Best Paper
Award, was presented to Rouxan C. Fouché (University of the Free State) for



the paper “Beyond Language Barriers: Programme-Specific Effects of English
Medium Instruction in South African Computer Science Education”.

We congratulate all the authors on their outstanding contributions.

The SACLA 2025 Best Reviewer Award went to Mark Brand from the School of
Information Technology at Nelson Mandela University.

The SACLA Programme Committee extends sincere thanks to all authors, reviewers,
session chairs, and delegates for their contributions. Our appreciation also goes to the
organising team at the University of the Free State, whose commitment and
professionalism ensured the success of this year’s event.

We trust that the discussions and ideas exchanged at SACLA 2025 will continue to
inspire meaningful innovation and collaboration in the Southern African computing
education community. We look forward to building on this momentum when the 55t
Annual SACLA Conference will be hosted by the University of Cape Town in Cape
Town, South Africa in 2026.

September 2025 Liezel Nel
Tanya Stott
André P. Calitz
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Message from the Conference Chair

Thank you to all the delegates who attended the 54th SACLA Conference at Tuscan
Rose in Bloemfontein, Free State. The theme of the conference was “Innovation in
CS, IS, and IT Education: Navigating the Next Frontier”, and it was wonderful to see
such a vibrant gathering of minds, all dedicated to the advancement of computing
education in Southern Africa. For over five decades, SACLA has been a cornerstone
for collaboration, knowledge sharing, and networking among computer lecturers in our
region. This year’s conference continued that tradition by providing us with a platform
to connect, learn, and be inspired.

In a world increasingly shaped by rapid technological advancements, the role of
computer lecturers has never been more critical. We are at the forefront of preparing
the next generation of innovators, problem-solvers, and digital leaders. The insights
we shared, the research that was presented, and the connections we forged all
contribute to shaping the future of computing education in Southern Africa. As part of
the conference, the annual HoD Colloquium, chaired by Prof. Estelle Taylor,
highlighted current challenges and provided a valuable platform for discussion on the
future of Al in computing education.

On behalf of the organising committee, | wish to thank each of the delegates. Your
presence and participation are what made this conference a success. | would also like
to extend our gratitude to our sponsors, whose generous support made this event
possible. Our Platinum Sponsors were BBD Software, Oracle Academy, and the
University of the Free State (Department of Computer Science and Informatics). Our
Gold Sponsors were Microzone and IBM. Our Silver Sponsors were SAS and IITPSA,
and our Bronze Sponsor was Cengage. We also thank the conference organiser,
Mongoose C&D, for their excellent planning and logistical support. Without the support
of our sponsors, this conference would not have been possible, and without the
delegates, it would have had no meaning.

Finally, | would like to personally thank the organising committee for their commitment
and dedication. Without you, this conference would not have been possible.

Bennie Botha

SACLA 2025 Conference Chair

Department of Computer Science & Informatics
University of the Free State, South Africa
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Message from the Programme Committee
Chair

It is my great pleasure to present the conference proceedings of the 54th Annual
SACLA Conference. The work represented here is the result of substantial scholarly
effort, community engagement, and peer collaboration from colleagues across
Southern Africa and beyond.

SACLA 2025 received 37 paper submissions, reflecting ongoing interest and
innovation in CS, IS, and IT education. Each paper underwent a thorough double-
blind review by at least three experts on our programme committee, which consisted
of 36 members, including local and international scholars. This year’s review process
placed a strong emphasis on both academic rigour and relevance to the Southern
African context. Authors were encouraged to revise and improve their papers
based on reviewer feedback, and many responded with thoughtful and detailed
updates.

We are pleased to include 15 peer-reviewed papers (representing 40.5% of
the original submissions) in these proceedings. These papers cover a wide range of
topics such as curriculum design, learning analytics, responsible Al use, practical
teaching interventions, and student engagement strategies. In addition, nine top-
rated papers were selected for inclusion in the Springer CCIS volume (to be
published separately).

The full papers published in this SACLA 2025 Conference Proceedings were
contributed by authors from different institutions within South Africa and internationally.
More than 60% of the contributions in the proceedings emanate from multiple
institutions.

| wish to express my sincere appreciation to all the reviewers for their dedication and
professionalism throughout the review cycle. | also thank all authors for their
contributions and willingness to engage critically with the feedback received.

| hope that the ideas and research presented in these proceedings will spark further
dialogue and collaboration in our community as we continue to adapt and innovate in
our teaching and learning practices.

Liezel Nel

SACLA 2025 Programme Committee Chair
Department of Computer Science & Informatics
University of the Free State, South Africa

Vi



Organisation

The 54" Annual Conference of the Southern African Computer Lecturers’ Association
(SACLA 2024) was organised by the Department of Computer Science and
Informatics, University of the Free State, South Africa.

SACLA President
Estelle Taylor, North-West University (Potchefstroom Campus), South Africa

Local Conference Committee

e Conference chair: Bennie Botha

e Conference Programme chair: Liezel Nel

e Conference Programme vice-chair: Tanya Stott
e Logistics: Suezette Opperman

e Sponsors: Eduan Kotzé

o Treasurer/Website: Rouxan Fouché

Programme Committee Chairs (Technical Committee)

Liezel Nel University of the Free State
Tanya Stott University of the Free State
André Calitz Nelson Mandela University

Programme Committee

Alan Chalmers The University of Warwick, UK
Anastasia Petratos Nelson Mandela University, ZA
Aslam Safla University of Cape Town, ZA
Barry Irwin Noroff University College, NO
Benjamin Botha University of the Free State, ZA
Carl Boel Ghent University, BE

Corné Van Staden University of South Africa, ZA
Eduan Kotzé University of the Free State, ZA
Estelle Taylor North-West University, ZA
Guillaume Nel Central University of Technology Free State, ZA
Hussein Suleman University of Cape Town, ZA

lan Sanders University of South Africa, ZA
Imelda Smit North-West University, ZA

Irene Govender University of KwaZulu-Natal, ZA
Janet Liebenberg North-West University, ZA
Kerry-Lynn Thomson Nelson Mandela University, ZA

viii



Lynette Barnard

Lynn Futcher

Mark Brand

Matthew Mullarkey
Oluwafemi Oriola
Pakiso Khomokhoana
Patricia Gouws

Rayne Reid

Riana Steyn

Rouxan Fouché

Ruber Hernandez-Garcia
Rudi Harmse

Shaun Bangay

Shirley Atkinson
Thomas van der Merwe
Upasana Singh
Wynand Nel

Nelson Mandela University, ZA
Nelson Mandela University, ZA
Nelson Mandela University, ZA
University of South Florida, USA
Adekunle Ajasin University, NG
University of the Witwatersrand, ZA
University of South Africa, ZA
Noroff University College, NO
University of Pretoria, ZA
University of the Free State, ZA
Universidad Catolica del Maule, CL
Nelson Mandela University, ZA
Deakin University, AU

University of Exeter, UK

University of South Africa, ZA
University of KwaZulu-Natal, ZA
Akademia, ZA



Conference Programme

SACLA

/:V‘ L"" - h )
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12h00 — 17h00 Registration (Tuscan Rose — Corporate Hall)
14h00 — 17h00 HoD Colloquium (Corporate Hall)
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(18h00 for 18n30) COCKTAIL FUNCTION
18h30 — 21000 Tuscan Rose — Banquet Hall
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Venue B - Gallery
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Programme-Specific Effects of
English Medium Instruction in South
African Computer Science Education
(Rouxan Fouché)

19: Quintuple Helix, the Informal
Economy and Sustainable-Smart
Innovations: Lessons to be learned
from a transdisciplinary student
project

(Carolien van den Berg and Belinda
Verster)
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Session 2B: Gender, Curriculum &
Pedagogical Strategies

(Chair: Dr Ben Mase)

15: A Bibliometric Analysis of
Existing Literature on the Nexus
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Approaches
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Lunch Break
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14h00 - 15h30
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Learning and Teaching Computer Programming: A
Systematic Literature Review of Challenges Faced by
Deaf Students in South Africa and Beyond

Alfred Hove Mazorodze!0000-0002-4147-454X]

Belgium Campus iTversity, Pretoria, South Africa
mazorodze.albelgiumcampus.ac.za

Abstract. South Africa has a shortage of computer programmers, and this gap
could be closed by training more computer programmers from diverse groups of
people. Considering that South Africa has more than 4 million Deaf and hard-of-
hearing people, this paper reviews the challenges faced by Deaf students in learn-
ing computer programming, irrespective of the programming language and ulti-
mately develops a learning and teaching strategy for the Deaf students. The study
is guided by the Universal Design for Learning (UDL) theory, which emphasizes
the creation of educational materials that are accessible to all students including
those with special needs. The Web of Science, Elsevier and Scopus databases
were used to search for relevant literature. A total of forty-six (46) peer-reviewed
articles were analysed, and the findings confirm that Deaf students learn com-
puter programming better with multiple aids. The findings further confirm the
lack of adequate human and technical resources to teach Deaf students coding.
To improve the learning and teaching strategies, the study recommends teaching
with guided practical activities because ultimately, the Deaf students must be able
to develop and deploy working systems. The study recommends tailor-made
courses for sign language interpreters to fully understand the coding terminology
and ease the interpretation process. There is a need for continuous collaboration
between lecturers and sign language interpreters so that they can successfully
deliver learning content to the Deaf students.

Keywords: Computer programming, Deaf students, sign language interpreters,
higher education, South African Sign Language, learning and teaching strate-
gies.

1 Introduction and background

South Africa is a developing country, and according to the Sustainable Development
Goals [1], every child has the right to quality education, including those with special
needs. In spite of this equity imperative, Deaf students lack the opportunity to further
their studies in higher education, especially in the field of computer programming [2].
The first language for Deaf students in South Africa is the South African Sign Language
(SASL) and computer programming is taught in English language which is either a

© Copyright: The Authors
Proceedings of the 54th Annual Conference of the Southern African Computer Lecturers' Association (SACLA 2025)
ISBN: 978-1-0370-5208-8



2 A.H. Mazorodze

second or third language for these Deaf students. Deaf students use more visual sense
than hearing students [3] and they communicate through a combination of signs, ges-
tures and writing. In this 21st century, which is highly dependent on technology, learn-
ing computer programming is often supplemented with online tutorials and videos
available for free on different social platforms like YouTube, for example. However,
these online tutorials and videos are often meant for people and students who can hear,
thus marginalizing the Deaf community.

In the light of rapid advances in Information Technology (IT), there is hope that the
teaching of computer programming could open significant opportunities for Deaf stu-
dents in South Africa and beyond. Deaf students have problems only with their hearing
capacity but have good visual capabilities that they could deploy in navigating different
ways and strategies to understand computer programming concepts [4]. There is, there-
fore, need for developing effective learning and teaching strategies to help Deaf stu-
dents actualize their educational aspirations. Utilising an effective learning and teach-
ing strategy could significantly enhance the learning process [5], as it directly impacts
the students' comprehension and retention of information. Such strategies aim to engage
students, foster critical thinking, and accommodate diverse learning styles.

1.1  Research problem

The Deaf community is often excluded from computer programming courses and com-
munities of practice because of a communication barrier [6]. According to the Depart-
ment of Higher Education and Technology of South Africa [7], not all universities in
South Africa offer computer programming courses to Deaf students, as evident in their
curriculum specifications available on their websites. Such a limitation could be at-
tributed to the fact that there are no adequate learning and teaching resources. Moreo-
ver, literature establishes that in South Africa, there is no institution that trains lecturers
how to teach computer programming in South African Sign Language (SASL). It is
therefore not an exaggeration that, not all computer programming lecturers in South
Africa have knowledge of the SASL. The few HEIs that offer computer programming
courses to Deaf students utilise the sign language interpreters to do the interpretation.
These sign language interpreters are professionals in their own right as they are regis-
tered with a professional body to translate from English language to SASL. However,
a number of problems have been identified in the learning and teaching process, includ-
ing the interpretation speed [2], understanding technical computer language [8], class
size [9] and the lack of instructional tools [10].

From the onset, the design and development of the curriculum for computer pro-
gramming have not catered for Deaf students [11] even though these students might
have massive potential in computer programming. Classes, objects, constructors, pa-
rameters, arrays, queues, lists and databases are some of the technical terms used ex-
tensively in learning and teaching computer programming [12] [13]. The question still
remains whether these technical terms are comprehensively articulated and included in
the sign language dictionary. A considerable number of initiatives have been put in
place to develop training materials for Deaf students in South Africa and other devel-
oping countries. Very few studies have been conducted in South Africa to understand

© Copyright: The Authors
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SLR of challenges faced by Deaf students 3

the needs of the Deaf students relative to learning computer programming. This study
reviews literature to understand some of the challenges faced by Deaf students in learn-
ing computer programming. According to Currie [13], computer programming is the
process of creating instructions that can be executed by a computer. The study further
reviews literature to understand challenges faced by lecturers during lectures.

1.2 Research objectives
The objectives of this study are aimed at:

o Understanding the challenges faced by Deaf students when learning computer pro-
gramming.

¢ Analysing the different learning and teaching strategies used to teach computer pro-
gramming to Deaf students at higher education institutions.

e Recommending effective learning and teaching strategies for Deaf students.

1.3  Research questions
The study answers the following two questions:

e What are some of the challenges faced by Deaf students in learning computer pro-
gramming at tertiary level?

e Which strategies could be employed to improve the learning and teaching experi-
ences of Deaf students studying computer programming?

2 Theoretical framework

Learning computer programming is often assailed with a myriad of challenges, espe-
cially for Deaf students [14]. This background focuses on the challenges to learning
and teaching computer programming to Deaf students, the technical terms used in learn-
ing computer programming and different strategies used to effectively teach the Deaf
students. The study is guided by the Universal Design for Learning (UDL) theory which
emphasizes the creation of an educational environment and educational materials that
are accessible to all students including those with disabilities [15]. The application of
the UDL principles significantly helps to design inclusive and accessible approaches
for the Deaf students to have flexible options for learning.

3 Research methodology

To ensure transparency and rigor, the study employed the widely accepted approach of
systematic literature review [43]. The SLR involved a structured and rigorous process
to identify, select, evaluate, and synthesize relevant research studies and publications
on the challenges faced by Deaf students in learning computer programming. The SLR
follows a pre-defined set of steps, and this differentiates the process from the

© Copyright: The Authors
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4  A.H. Mazorodze

unstructured reviews and the process sought to identify consistent and repetitive
themes. Maintaining integrity and credibility in scientific investigations requires re-
searchers to prioritize transparency and rigor [44]. This involves adhering to ethical
guidelines, reporting findings transparently, and facilitating reproducibility of the find-
ings. According to Brereton, et al [45], a successful review involves planning, review-
ing, and reporting. Moreover, the study focused on peer reviewed articles only to ensure
consistency of the SLR practices highlighted by Thome et al [43]. Researchers like
Massaro [44] further recommend a clear articulation of the research questions and ob-
jectives to guide the entire review process.

3.1  Search strategy and keywords

To assess these computer programming challenges, Science Direct, Web of Science and
Elsevier databases were utilised to compile and integrate research published using the
PRISMA principles as shown in Fig 1. The different keywords used in the search cri-
teria were applied consistently across all 3 databases. Keywords are crucial in conduct-
ing literature searches to achieve precision and relevance [46] and the logical operators
like the “AND” and “OR” were utilised to create more effective search queries.

Articles identified from the databases.
N=84 _> Articles removed before screening:
Duplicate records removed N=12

| Articles screened. N=72

L 2

Articles sought for retrieval. N= 64 — Articles removed on account of
not being retrieved. N=35

Identification

Articles excluded.
N=8

!

7

Complete articles assessed for eligibility
N=59

% Final articles included in the review.
N=46

Data analysis N=46

Articles excluded for various
reasons. N=§

|

Fig. 1. Systematic literature review process (Adapted from: [45])
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Table 1 shows the academic databases and keyword combinations utilised in selecting
the articles for the study.

Table 1. Databases and keyword combinations utilised

Database Keyword combinations Number
of papers
Scopus Deaf students AND computer programming; Science and technol- 14

ogy; Deaf AND computer programming; Higher education AND
sign language interpreters; Teaching OR learning strategies; Deaf

Web of Deaf students AND computer programming; Science and technol- 21
Science ogy; Deaf AND computer programming; Higher education AND
sign language interpreters; Teaching OR learning strategies; Deaf

Elsevier Deaf students AND computer programming; Science and technol- 11
ogy; Deaf AND computer programming; Higher education AND
sign language interpreters; Teaching OR learning strategies; Deaf

Total number of papers 46

3.2 Inclusion criteria
Five (5) inclusion criteria were applied in this study, thus:

1. The study investigated science and technology problem in higher education
2. The full text is publicly available using university library subscriptions

3. The study investigated students with special needs

4. The study investigated learning and teaching challenges in HE, and

5. The article was written in English language.

The study only analysed research articles and conference papers published between
2004 and 2024 in accredited journals and indexed in recognised databases.

3.3  Exclusion criteria

To ensure the inclusion of only relevant and appropriate studies in the analysis, theses,
and dissertations were excluded because they undergo a different level of peer review
process compared to journal articles. Additionally, studies not written in English and
non-peer-reviewed work were excluded.

3.4 Data extraction

The data extracted included the author(s), location of the study, the objectives and most
importantly the results. The data extracted from these articles sought to fully understand
the challenges faced by Deaf students when learning computer programming.
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3.5 Data synthesis and analysis

After eliminating multiple duplicates, a total of forty-six (46) articles were used in the
data analysis process. The papers utilised after applying the inclusion and exclusion
criteria were reviewed by the author to identify consistent and repetitive themes. The
author identified topics related to the challenges faced by students in learning Science,
Technology, Engineering and Mathematics (STEM) subjects where computer program-
ming falls into. The themes that emerged from the analysis helped the author to develop
a learning and teaching strategy which could be adopted by HEIs in South Africa.

3.6  Ethical considerations

Ethics is important in all research studies at institutions of higher education [48]. Re-
searchers who obtain ethical clearance demonstrate their dedication to conducting re-
search with integrity and ethical responsibility. However, this SLR study did not require
ethical clearance as the researcher used secondary data only. Nonetheless, the author
applied the standard ethical principles in writing this research article.

4 Discussion of findings

The findings in this study are presented and analysed in the subsequent sections accord-
ing to Thomas [47]’s guidelines where the data analysis process is informed by the
study objectives. The themes that emerged are: communication challenges; learning
strategies; project-based learning; learning technologies and inclusivity.

4.1 Challenges in learning and teaching computer programming

The challenges reviewed in this subsection include the lack of resources for learning
and teaching, the social concerns and the pedagogic gaps. In addition, the section dis-
cusses the language deficiencies between Deaf students and their lecturers.

Lack of adequate resources for learning and teaching. Scholars [14] confirm that
there is a lack of adequate resources to teach Deaf students computer programming.
Students learning computer programming frequently enhance their classroom content
with online videos and tutorials available online and mostly on social media platforms
such as YouTube. However, there are only a few videos on YouTube that cater for Deaf
students. The auto-caption feature can provide text-based interpretations of spoken text,
but the accuracy may significantly vary. Also, there is a lack of qualified technical in-
terpreters for computer programming, not only in South Africa but in other countries
too [16]. The sign language interpreter’s role is to facilitate effective communication
between the lecturer and the Deaf students. These sign language interpreters should
therefore be comfortable with computer programming content. Since there is no certi-
fication for interpreting science and technology [17], sign language interpreters are en-
couraged to attend programming classes to ease the interpretation process. At this
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juncture, the current sign language dictionary does not include all the object-oriented
programming terms which are the fundamental building blocks to learning program-
ming in this era.

Addressing the shortage of resources for teaching computer programming to Deaf
students is a significant challenge that requires attention [4]. Key considerations include
leveraging assistive technologies and establishing partnerships with external collabora-
tors. By implementing assistive technologies tailored to Deaf students, their learning
experience can be enhanced, and this might involve utilizing software tools that offer
visual feedback and real-time code visualisations. Collaborating with external organi-
sations and experts who specialize in developing resources for teaching computer pro-
gramming to Deaf individuals could help to bridge the resource gap [18]. These part-
nerships could provide supplementary materials, tools, and valuable expertise.

To understand the level of comprehension of the technical terms used in learning
and teaching computer programming, the review established a skills deficiency in un-
derstanding the technical terms used in coding. According to Currie [13], some of the
technical terms used in object-oriented programming principles include inheritance,
polymorphism, encapsulation and abstraction. The terms inheritance, polymorphism,
encapsulation and abstraction mentioned by Currie [13] do not have standard signs in
sign language.

When teaching Deaf students computer programming, it is crucial to use suitable
terms that promote effective communication and comprehension [14]. Examples of rel-
evant terminologies include visual programming languages that utilize graphical sym-
bols instead of text, code as the instructions that dictate computer actions, debugging
as the process of identifying and correcting coding errors, algorithms as step-by-step
guides to solving particular problems, syntax as the rules that determine the structure
and format of programming language [31]. Other fundamental terminologies include
functions, loops, and conditional statements [13]. These terminologies are not exhaus-
tive and may vary based on the programming language being taught.

Lecturers working with Deaf students are not adequately equipped with the neces-
sary skills and knowledge to teach the Deaf students [9]. Lecturers find themselves in
situations where they must take on the responsibility of teaching, caring, and supporting
the Deaf students. The findings confirm that the communication challenges are at-
tributed to the lack of skills necessary for lecturers to facilitate effective communication
between themselves and the Deaf students [54]. Furthermore, researchers like [22] re-
ported an important difficulty in interpreting information communicated to lecturers by
the Deaf students through the sign language interpreter.

Social concerns among Deaf students learning computer programming. In an edu-
cational setting where Deaf students are mixed with hearing students, the Deaf students
have a lot of social concerns which negatively affect their learning process [10]. Deaf
students feel uncomfortable in a mixed class when they draw attention to their problems
[2]. A study by Braun ef al [19] confirm that Deaf students prefer not to take part in
activities when mixed with other hearing students. This lack of engagement creates
problems in understanding the fundamental concepts. In software development, collab-
oration among team members significantly helps to develop robust applications. Thus,
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Deaf students need a culturally sensitive faculty to support and provide them with the
networking opportunities they require.

Based on Braun ef a/ [19] ’s recommendations, this training should cover communi-
cation methods, accessibility considerations, and available resources. It is also crucial
to emphasize the significance of fostering flexibility and openness among faculty mem-
bers towards different modes of communication to effectively support Deaf students.
Overcoming this social concern requires an active and inclusive teaching approach [20].
Raising awareness and understanding of the Deaf culture, organising social activities
that cater for diverse communication needs, and fostering an ongoing collaboration and
interaction among all students is highly recommended [21].

Academic and pedagogic gap. The academic gap among students is challenge when
learning computer programming. This discrepancy in academic abilities among stu-
dents presents a noticeable hurdle in the learning and teaching process. Regardless of
whether students have special needs or not, there are variations in their understanding
of computer programming concepts. In welcoming Deaf students to science and tech-
nology courses like computer programming, [19] suggests teaching students through
practical activities and demonstrations. In the realm of programming, Deaf students
often interact with faculty members who have limited experience in working with Deaf
students and may lack pedagogical knowledge in effectively addressing their needs.

In order to bridge the academic and pedagogical gap, certain measures need to be
taken into consideration [21] including the implementation of inclusive educational
policies, offering specialised training to educators, and leveraging assistive technolo-
gies. The creation of a supportive and inclusive learning environment is crucial, as it
acknowledges and caters to the specific learning requirements of the Deaf students.

Language deficiencies between Deaf students and lecturers. Most Deaf students in
South Africa have first and second languages that are different from English language
[22]. Computer programming in South Africa is taught in English, a second or third
language for these Deaf students. There is therefore need for consistent and proper in-
terpretation to communicate effectively with these students [23]. In addition, the sign
language interpreters may not give the best technical interpretation, especially in the
computer programming field because the language is highly technical. To bridge the
communication gap with Deaf students, there must be efforts directed at enabling both
Deaf students and sign language interpreters to the technical language of programming.

The language disparities between Deaf students and lecturers still pose significant
communication challenges [24], [25]. Vocabulary limitations are clearly notable, im-
peding the comprehension of the subject matter. Overcoming this obstacle involves
bridging the vocabulary gap by visual aids, written materials, and clear explanations.
Written communication plays a crucial role in connecting lecturers and Deaf students,
as providing lecture materials, slides, and written summaries in advance allows for en-
hanced preparation and understanding [11].

The SLR confirms that there are communication challenges when learning and
teaching computer programming at HEIs, not only in South Africa but in other countries
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too. To begin with, the use of sign language interpreters creates layers of information
and knowledge transfer [50]. A sign language interpreter is a professional who helps
facilitate effective communication between Deaf individuals and those who are not pro-
ficient in sign language. Thus, sign language interpreters serve as intermediaries be-
tween two languages, converting spoken language into sign language and vice versa
[8]. In the context of this study, their main responsibility is to ensure effective commu-
nication between Deaf students and their lecturers.

An investigation by [51] established that majority of lecturers at HEIs do not have
experience dealing with Deaf students. To further emphasize on the communication chal-
lenges between lecturers and Deaf students, [14] established that Deaf students prefer
communication through signing, lip reading or a combination of both signing and lip
reading. From these findings, we can extrapolate that lecturers, sign language interpret-
ers and students should continuously collaborate in a way that benefits Deaf students.

Classroom size for Deaf students. To this date, the class size exerts an impact on Deaf
students in learning different subjects, including computer programming. According to
Yuknis, et al [26], a class for Deaf students should not be too big to create a clear line
of sight between the Deaf students and the sign language interpreter. While there is no
universally established optimal class size for Deaf students [27], it is generally advised
to maintain smaller class sizes to facilitate individualised attention, effective commu-
nication, and a supportive learning environment. The precise number may vary depend-
ing on the specific circumstances and available resources at a specific institution. How-
ever, prioritising a class size that enables personalised support, and inclusive interac-
tions is advantageous.

From the submissions above, we can underscore that smaller class sizes are ideal to
draw the attention of all those participating in class. In an effort to maintain educational
standards, scholars like [28] advise that the sign language interpreters be certified by a
professional body. Implementing assistive technologies specifically designed for Deaf
students can significantly enhance their learning experience [2]. By acknowledging and
addressing issues related to class size and instructional tools, HEIs can support the
learning needs of Deaf students and foster inclusive and equitable experiences.

4.2  Understanding computer programming concepts and principles

Deaf students have the potential to grasp computer programming concepts and princi-
ples successfully when provided with suitable support and accommodations [11]. By
fostering an inclusive and accessible learning environment, educational institutions can
ensure equal opportunities for success in the field of computer programming, regardless
of the students' hearing abilities. At this juncture, there is no standard technical diction-
ary with all the signs necessary for teaching Deaf students computer programming [30].
Each institution which teaches computer programming to the Deaf has developed con-
text-specific material to assist in the learning and teaching processes. However, the
material developed needs to be verified against well-established standards to ensure
uniformity of these instructional materials used in the field of instruction.
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Some of the object-oriented computer programming principles include inheritance,
abstraction, polymorphism and encapsulation [12] [13] [31]. These are highly technical
terms with broad meanings applied in different contexts when developing modern ro-
bust software, and the Deaf should develop similar systems. It is imperative that these
terms have proper signs in the technical SASL dictionary. Other terms used in program-
ming include arrays, queues, stacks and lists [31] [13], and these must be well-under-
stood and implemented by an aspiring computer programmer. An understanding of
these concepts should enable Deaf students to develop and deploy programs that utilise
arrays, lists and databases, just to mention a few concepts.

4.3 Learning and teaching strategies

Educators employ intentional methods and approaches commonly known as “learning
and teaching strategies” to facilitate successful learning encounters for students [32].
These strategies encompass a range of techniques, methods, and activities designed to
captivate students, promote comprehension, and accomplish desired learning objectives
at various stages of education. As outlined by Crompton et al [32], these strategies are
built upon educational theories and research, while also taking into account the unique
requirements and attributes of individual students. According to Trezek and Wang [33],
Deaf students learn better by doing and through visualisations. Handouts, lecture notes
and electronic presentations are essential when teaching Deaf students and these should
be provided in advance to allow pre-reading and class preparation.

Presentations are important in the realm of learning and teaching, contributing to an
improved understanding of the subject matter. In essence, presentations serve as pow-
erful instruments for educators to effectively communicate information and actively
involve their students. Scholars like [34] suggest teaching Deaf students with a signif-
icant quantity of practical activities so that these Deaf students can learn by doing and
apply the skills taught. Multiple scholars [35] [12] concur that practical activities pro-
vide students with chances to utilise their knowledge and skills in real-life situations.
Engaging in programming projects, resolving coding challenges, and addressing errors
enable students to acquire hands-on experience and continuously cultivate essential
problem-solving skills that hold significant importance in computer programming [35].

Lecturers should ensure that during practical demonstrations, the Deaf students can
clearly see what they are doing and saying. A student-centred approach to learning
computer programming positions the student as the focal point of the learning process
[36], granting them the agency to actively participate in their own learning. Further-
more, the student-centred approach empowers students to assume an active role in their
learning journey [37], equipping them with the necessary skills for success.

Some of the most effective learning and teaching strategies in this 21st century entail
hybrid learning and blended learning [34]. Hybrid learning is a learner-centred process
that combines digital tools, recorded content, and traditional face-to-face methods in a
planned way [38]. The group activities also form part of the hybrid learning strategies
and to fully engage in hybrid learning, [37] suggests that each student has a reliable
device with mobile data loaded. Mobile data is crucial on a device as it enables Deaf
students to stay connected to the Internet, communicate effectively, access information
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and receive real-time updates. As for all students, mobile data empowers Deaf students
by providing uninterrupted access to online resources and services.

Blended learning entails flipped classrooms, webinars and research activities [39]
[37]. The flipped classroom combines online and in-person learning, where students
learn new concepts during independent study time [40]. The Deaf students use class
time to engage in important discussions in groups. Study guides should ensure Deaf
students complete all pre-reading before attending face-to-face classes. From the sub-
missions by various authors [2] [41], the use of technology and visual aids to support
Deaf students could empower them in learning new skills. Furthermore, lecturers and
sign language interpreters should be prepared always [42] and should allow Deaf stu-
dents to interact with each other during class. Written assessments for the Deaf and for
hearing students should be the same to maintain consistent educational standards [41].

To further supplement the traditional classroom content, the study suggests learning
through online videos, specifically tailored for the Deaf students. This might consider-
ably improve the skills needed for software developers in South Africa, a profession
considered to be a critical skill. Research is very important at a tertiary institution for
both the educators and the students [55]. In addition to tailor made online videos for
Deaf students, [56] also highlights the importance of independent research to under-
stand fundamental concepts. Multiple scholars [35] consider collaborative learning as
the best way to learning programming because it promotes active engagement.

Because learning and teaching programming for Deaf students requires different
strategies than the traditional computer programming education [3], some effective
strategies for learning and teaching programming for Deaf programmers include the
use of visual aids and hiring of sign language interpreters [50]. It is also pertinent to
use culturally responsive teaching strategies that consider the unique characteristics of
the Deaf students. Along the same spectrum, it is essential to underscore that there is
no one approach that works for everyone. The findings from [9] confirm that the ability
to foster a means of communication with Deaf students is both the most important and
yet the most challenging requirement in the higher education context. This study pro-
poses the following learning and teaching strategy for the Deaf students.

4.4  Proposed learning and teaching strategy for the Deaf students

It is crucial to consider the specific requirements of Deaf students and offer suitable
adjustments when creating an effective learning and teaching approach for the Deaf to
learn computer programming. Fig. 2 presents the proposed strategy for learning and
teaching Deaf students computer programming and the idea behind this strategy is that
there is no one approach that works for everyone. The lecturer can use any of the tools
or approaches in this learning and teaching strategy to educate the Deaf students.
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Learning and teaching

strategy for Deaf students

Fig. 2. Learning and teaching strategy for Deaf students

Multimodal Instruction. Integrating multimedia elements is important to make the
content more accessible and engaging for the Deaf students. It is essential to provide
clear and concise written instructions alongside spoken explanations to ensure that Deaf
students can easily follow and apply the instructions [4] [57]. For this strategy, multi-
modal instruction methods encompass interactive coding platforms, video tutorials,
translation systems [58] and other additional resources. Interactive coding platforms
offer visual representations of code execution and real-time feedback.

Sign Language Interpreters. To effectively educate Deaf students, the study suggests
the utilisation of sign language interpreters during lectures, discussions, and presenta-
tions to enable active participation and comprehension [57]. These sign language inter-
preters have an understanding of the programming terminology to ease the communi-
cation process. Additionally, sign language interpreters play a supportive role by assist-
ing Deaf students in clarifying information and advocating for their communication
needs within the learning environment [23]. The study also proposes some basic train-
ing courses for sign language interpreters to enhance their understanding of the content
in sign language.

Independent research. Independent research enables Deaf students to delve into un-
explored territories [11] such as algorithms, frameworks, and methodologies. By con-
ducting independent research, Deaf students can develop state-of-the-art technologies
and devise inventive solutions for intricate problems. Indisputably, independent re-
search plays a pivotal role in enabling students to stay abreast of the developments in
programming.

Inclusivity. Creating an inclusive classroom environment that fosters respect, under-
standing, and empathy is crucial, particularly when working with Deaf students. It is
equally important to encourage open and constructive discussions surrounding inclu-
sivity and accessibility [35] [21]. The findings suggest that these efforts can enhance
and refine Deaf students' skills giving them equal opportunities in education.
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Practical Projects. Engaging in practical projects allows for the application of con-
cepts and the acquisition of hands-on experience required by prospective employers for
these Deaf students [3] [59]. From this study, we can underscore that it is crucial to
incorporate these practical projects into the curriculum, enabling Deaf students to ac-
tively apply their programming knowledge. Participating in hands-on projects not only
improves computer programming skills but also gives concrete proof of their abilities
and expertise.

Collaborative learning. Encouraging collaborative learning activities and group work
facilitates the engagement of Deaf students [14]. The Deaf students can benefit from
collaborating with peers who provide support and bring diverse perspectives from their
own experiences. Collaborative learning also permits knowledge-sharing.

5 Conclusion, recommendations and future directions

Deaf students have enormous potential to develop robust software applications. How-
ever, the training material provided for aspiring Deaf software developers does not ad-
equately cater for this group of people [21] [18]. Most of the terms used in learning and
teaching computer programming do not have appropriate signs in sign language. In
addition, the sign language interpreters should have the technical knowhow of computer
programming to effectively assist the Deaf students and the lecturers. Furthermore, lit-
erature [19] [60] reported an important difficulty in interpreting information communi-
cated to lecturers by the Deaf students through the sign language interpreters. To sup-
plement classroom content, the study further suggests the utilisation of online videos,
specifically tailored to the needs of these special Deaf students. To further improve the
current learning and teaching strategies, the study recommends teaching with a lot of
practical activities and demonstrations because ultimately, the Deaf students must be
able to develop and deploy working systems that solve business problems. Since it has
been established in the review that Deaf students learn through visualisations and doing,
it is therefore ideal to teach with multiple aids. Thus, a combination of signing, practical
activities and visual aid tools could significantly improve the Deaf students’ mastery of
computer programming. The study concludes that there is need for continuous collab-
oration between lecturers and sign language interpreters so that together they can suc-
cessfully deliver content to the Deaf students.
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Abstract. Novice programmers often make unnecessary errors when they
verbally explain code. These errors can be attributed to novices’ lack of reasoning
skills and fragile knowledge of programming concepts. The aim of this study is
to identify typical code explaining errors made by a group of first-year Computer
Science (CS) students at a South African university. This exploratory study used
a mixed-methods approach grounded in the Frameworks for an Integrated
Methodology (FralM). Data was gathered from seven novices enrolled in a first-
year introductory programming course by means of asking questions, artefact
analysis, and observation strategies. The narrative data (transcribed audio
recordings and observation summaries) underwent a three-step coding process,
while descriptive statistics were used to interpret the numerical data from
observation checklists. Three recurring categories of errors emerged: Reliance on
inductive reasoning, inability to perform deductive reasoning, and
misunderstanding the working process of loops and arrays. Participants
frequently guessed the purpose of a piece of code based on specific values, failed
to abstract high-level functionality, and struggled with foundational control
structures, particularly for loops and arrays. The findings underscore the need
for instructional strategies that focus on both conceptual knowledge and
reasoning. By scaffolding tasks to foster abstract thinking, encouraging
systematic code reading, and providing more examples of loops and arrays,
facilitators can help novices overcome common pitfalls. This study lays a
foundation for future research on how structured interventions may strengthen
code explaining skills and ultimately improve the programming competencies of
novice programmers.

Keywords: code explaining skills, novice programmers, CS1, introductory
programming, computer programming education
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1 Introduction

Learning to program is a challenging endeavour for many first-year computer science
(CS) students. These novice programmers often encounter multiple difficulties not only
in writing code but also in understanding and explaining existing code [42]. The ability
to comprehend and articulate the purpose of a code segment is crucial as it underpins
effective programming practices [16]. Denny et al. [4] argue that for novices to write a
particular piece of code, they must first be able to comprehend and explain it.

Despite its importance, many novices struggle to provide clear and coherent
descriptions of code without tracing its execution or giving line-by-line explanations
[40]. Research has shown that novices who cannot explain code early in their studies
tend to struggle with code writing tasks later on [11]. This struggle is often attributed
to fragile programming knowledge and a lack of reasoning skills, which hinder their
ability to abstract code and describe its purpose succinctly [44].

While previous studies have highlighted the correlation between code explanation
and writing skills, there is a need for deeper insights into the specific errors novices
make when explaining code verbally. Understanding these common errors can help
facilitators develop targeted teaching and learning strategies that directly address the
challenges faced by students.

This study aims to identify the typical code explaining errors made by a select group
of novice programmers. By exploring these errors, we seek to provide facilitators with
actionable insights to enhance the teaching and learning of introductory programming.

The remainder of this paper is structured as follows: Section 2 presents the relevant
background literature, followed by the research methodology in Section 3. The findings
and discussion are provided in Section 4. The study’s implications are discussed in
Section 5, and finally, the paper concludes in Section 6.

2 Background

Learning computer programming remains challenging for many first-year
programming students [16]. As part of the learning process, these novices need to
develop various skills such as the ability to read, comprehend, and communicate the
purpose of code [32]. The following subsection delves deeper into the importance of
code comprehension and explanation, novice challenges, previous related studies, and
a gap identified in the literature.

2.1 Importance of code comprehension and explanation

Code comprehension and explanation are fundamental skills in the learning process of
novice programmers [15]. Code comprehension involves understanding the logic and
functionality behind code snippets. It enables novices to read and reason about code,
and reflect on it during writing and debugging [16]. Developing strong comprehension
skills is essential before novices can effectively write code [4].
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Code explanation, particularly the ability to articulate the purpose of code segments in
plain English, is crucial for deepening understanding [4]. This pedagogical approach
allows facilitators to assess how well novices have grasped programming concepts and
their ability to communicate that understanding [8]. Mastery of code explanation skills
aids novices in not only providing line-by-line descriptions but also summarising the
overall computation performed by the code [16]. Effective code explanation can reduce
stress and effort in debugging and enhance reasoning skills when writing code [21].

2.2 Challenges faced by novice programmers

Despite the importance of code comprehension and explanation, novice programmers
often struggle with these skills. Facilitators frequently place premature emphasis on
code writing rather than code reading, expecting students to move quickly from
learning syntax to writing code [11]. This approach can hinder the development of
fundamental comprehension skills needed before writing code [4].

When novices have fragile programming knowledge and lack reasoning skills, they
may find it difficult to abstract code and describe its purpose succinctly [44]. They often
rely on tracing code execution or providing line-by-line descriptions instead of
understanding and explaining the code at a higher level of abstraction [40]. Complex
programming concepts such as loops and arrays pose significant challenges, further
impeding their ability to comprehend and explain code effectively [10].

Inadequate knowledge of how to explain code prevents novices from reasoning
about the role or purpose of the code and gaining a deeper understanding of course
material [44]. This struggle can negatively impact their ability to write code, as the
skills are closely correlated [8].

2.3  Previous studies on code explaining errors

Several studies have investigated the difficulties novices face in explaining code.
Whalley et al. [43] found that while some novices could provide a correct summary of
the overall computation, others only offered line-by-line descriptions. Philpott et al.
[26] discovered that novices who could trace code with less than 50% accuracy usually
could not explain similar code.

Lopez et al. [18] examined the relationship between novices’ reading, tracing, and
writing skills. They found that performance on code tracing and explaining tasks
accounted for nearly half the variance in code writing performance. Corney et al. [3]
conducted a longitudinal study showing that novices who failed to explain code early
were more likely to struggle with writing coding later in the semester.

Pelchen and Lister [25] focused on the language used in Explain in plain English
questions. They discovered that novices who answered all questions correctly used
more precise and abstract language. Van der Werf et al. [40] observed that novices often
selectively read code, skipping parts they did not understand. This led to incomplete
explanations. Hassan and Zilles [10] noted that while tracing is an effective strategy for
understanding code, novices may still struggle to develop the deeper comprehension
necessary for accurate code explanation.
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2.4  Gap in the literature and purpose of the study

While prior research has highlighted the challenges novices face in code
comprehension and explanation, there is a need for deeper insights into the specific
errors they make when verbally explaining code. Understanding these common
mistakes can help facilitators develop targeted teaching strategies that address the
underlying obstacles [2]. A previous study conducted in the same context [22]
concluded that loops and arrays are among the programming concepts most commonly
misunderstood by novice programmers. Similarly, other research has shown that first-
year programming students often struggle with these concepts [41]. Therefore, this
study seeks to identify the typical errors made by a select group of novice programmers
when verbally explaining the purpose of a code segment in plain English. By
uncovering these errors, the study aims to provide actionable insights for facilitators to
enhance the teaching of introductory programming.

3 Methodology

This exploratory study employed a case study approach guided by the Framework of
Integrated Methodologies (FraIM) [27]. The FraIM is particularly suited for small-scale
empirical investigations aimed at enhancing the understanding of educational practices.
By integrating numeric and narrative methods, it facilitates a comprehensive
exploration of complex phenomena — in this case, the typical code explaining errors
made by a select group of first-year CS students. The sample comprised seven of the
38 novices enrolled in a first year (CS1) introductory programming module.

The study was conducted at the Qwaqwa campus of the University of the Free State
(UFS), a rural campus where most students had attended rural schools. Although some
of the schools attended by the participants offered Computer Application Technology
(CAT), none offered Information Technology (IT), which includes programming
instruction. Consequently, the participants entered the first semester without any
practical programming experience. At the time of data collection, the participants were
in the second semester of their first year. All had passed the first-semester module
(Programming and Problem Solving: Part 1) and were enrolled in the second semester
module (Programming and Problem Solving: Part 2). Both modules adhered to a
traditional instructional approach, focusing on code writing and syntax without
explicitly teaching students how to interpret or articulate the functionality and overall
purpose of a piece of code. By this point, students were expected to have developed a
basic understanding of loops and arrays.

Given the researcher's objective to gather detailed, in-depth information from each
participant, a sample size of seven was deemed sufficient [47]. This aligns with
narrative research practices, where smaller samples are often adequate for exploring
specific phenomena without the intention of generalising findings. Given the study's
narrative, exploratory nature, individual excerpts are used illustratively to highlight key
conceptual challenges, rather than to suggest their frequency across the entire sample.
The interpretive approach enables a rich understanding of novice programmers'
difficulties without relying on quantification.
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Purposeful sampling [24] was employed to select participants who represented novice
programmers learning to code. Convenience sampling [9] was also a factor as the
principal researcher (the first author) had direct access to these students as the facilitator
of this course. To mitigate potential power imbalances due to the researcher also being
the course facilitator, participation was entirely voluntary, and students were assured
that their decision to participate, or not, would have no impact on their grades or
standing in the course. Informed consent was obtained from all participants, and ethical
approval was secured from the university’s ethics committee.

Data were collected using individual face-to-face think-aloud interviews (as a means
of asking questions) complemented by structured observations, and artefact analysis
[27]. Think-aloud is a research technique in which participants are asked to speak aloud
any thoughts in their minds as they complete a task [1]. By using this technique, the
researcher hoped to uncover common errors students made while explaining code.
Individual sessions were scheduled with each of the seven participants at mutually
convenient times for both the participants and the researcher. Each session lasted
approximately 30 minutes. At the beginning of each session, participants were briefed
on the think-aloud protocol. The researcher emphasised the importance of them
verbalising all thoughts without filtering. A practice task was provided to familiarise
them with the process. Participants were then presented with three code explanation
tasks and asked to think aloud as they attempted to state the overall purpose of each
code segment. The three code explanation tasks were based on existing benchmark
questions [20]. These tasks were originally designed to assess code comprehension at
the introductory level. The code snippets involved fundamental programming
constructs appropriate for first-year students. While participants engaged in the think-
aloud tasks, structured observations were made using an observation checklist. This
checklist assisted the researcher in gathering additional numerical and narrative data
regarding each participant’s behaviour, actions, and competencies/abilities. The
artefacts retained for analysis included the completed paper-based task sheets, the rough
work pages used by the participants to make notes, and an audio recording of each
session (made with permission of the participants). To ensure anonymity, each of the
seven participants was assigned a unique number (e.g., P1 for Participant 1 and P7 for
Participant 7).

After all the audio recordings were transcribed, both the transcripts and the
observation summaries were uploaded to NVivo for Mac (version 1.7) for analysis. A
three-step coding process was followed to analyse the narrative data. First, open coding
was used to identify and label the core idea of each part (word or phrase) of the data.
The resulting set of concepts and insights became the primary set of codes that defined
and classified the data into meaningful expressions. Next, during axial coding, the
codes were grouped into categories based on relationships and patterns. Finally,
selective coding was used to identify core themes that encapsulated the central
phenomena. In addition, descriptive statistics were used to interpret numerical data
gathered from the observation checklists.
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4 Findings and Discussion

This study aimed to identify common code explaining errors made by novice
programmers. Participants were asked to describe the purpose of three separate code
snippets in one sentence each, requiring them to express the code’s behaviour at a high
level of abstraction [4]. The findings revealed that while 57% of participants correctly
answered the first question, none were able to provide correct answers for the second
and third questions (see Table 1). The errors made were categorised into three main
themes: reliance on inductive reasoning, inability to perform deductive reasoning, and
misunderstanding the working process of loops and arrays. Due to the similarity of
mistakes across all three questions and the complexity in Question 3 (see Fig. 1), the
following discussion focuses on errors observed for this question. Question 3 was
designed to test participants' reasoning skills, particularly their understanding of arrays
and basic control structures, such as loops and conditional statements. The line numbers
depicted in Fig. 1 were only added in aid of this discussion.

Table 1. Participants’ overall performance on code explanation tasks (n=7).

Question Correct answers  Incorrect answers  Correct (%) Incorrect (%)
Q1 4 3 57% 43%
Q2 0 7 0 100%
Q3 0 7 0 100%

1. int [] nums = new int[5] {2, 3, 4, 6, 7};
2. int result = 8;

3. for (int i=0; i<=nums.Length; i++)

4., {

5. if (nums[i] < @)

. result = result + 1;

Fig. 1. Question 3

4.1 Reliance on inductive reasoning

Inductive reasoning involves deriving general conclusions from specific examples. In
programming, novice programmers often rely on specific input values and manually
execute code to understand its functionality [36]. This approach can hinder their ability
to comprehend code abstractly without concrete values, making it challenging to
articulate the overall purpose of the code by just looking at it [33]. The discussions in
the following sub-sections look more closely at the various mistakes the participants
made because of their reliance on inductive reasoning.
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Inductive guessing. In the context of this study, inductive guessing describes a
reasoning behaviour where novice programmers guess the purpose of a piece of code
without understanding how the code actually functions [17]. From the think-aloud data,
it became apparent that some participants were only selectively reading the code and
guessing the parts they did not understand [40]. Upon seeing Line 7, two of the
participants (P3 and P4) guessed that the code’s purpose is to calculate certain values.
For instance, P3 remarked: “/The code] calculate the results of those given numbers
[Line 1]”. Similarly, P4 said: “The overall purpose of the [code]... I think ... is to add
... to get the sum of the numbers in the array [Line 1]”. Both participants focused on
the array of numbers provided in Line 1 but failed to accurately interpret the operations
performed on these numbers in subsequent lines.

These responses indicate that the participants relied on familiar patterns or prior
knowledge to infer the code’s purpose, rather than analysing the actual logic presented.
By guessing based on limited information, they overlooked crucial elements such as
conditional statements and loop operations that were essential for understanding the
code’s functionality. This reliance on inductive guessing suggests a difficulty in
engaging with the code at an abstract level.

Line-by-line walkthroughs. Line-by-line walkthroughs refer to a reasoning behaviour
where novice programmers attempt to understand or explain code by describing each
individual line of the code sequentially, rather than synthesising the overall purpose of
the code segment [39]. This approach often arises from a lack of code reasoning skills
and difficulty in abstracting higher-level concepts from code [29] Although participants
were instructed to explain the overall purpose of the given code in one sentence, most
found this challenging and instead resorted to providing detailed, step-by-step
explanations. For instance, P1 proceeded through the code line by line, stating: “So,
um... the compiler should continue with the loop only if i is less or equal to the
numbers. Um... your array ... should always continue to increment up until the false
loop statement of which 1 is less or equal to nums . length has been met”. Similarly,
P3 detailed: “the [datatype] is int and the name of the array is nums ... [with] 2, 3,
4, 6, 7. We are given the... int result is initialised to 0. Here we have for loop,
.. Starting at 0 until it is less or equal to the length. Here we are incrementing. My
length is 5... and my index starting point is 0. This is position 1, position 2, position
3, and position 4”.

These participants focused on explaining each line in isolation, attempting to find
the purpose by meticulously walking through the code step by step. Despite their
detailed walkthroughs, they were unable to provide a correct summary of what the code
does as a whole. This behaviour indicates a struggle to abstract and integrate individual
components into a cohesive understanding of the code’s overall functionality. As noted
by Hassan [11], when novice programmers do not recognise the code patterns or lack
familiarity with programming constructs, they often resort to line-by-line analysis to
make sense of the code. This granular focus can lead to confusion [40] and impede their
ability to grasp the overall purpose of the code segment.
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Ignoring sections of code. Ignoring sections of code refers to the behaviour where
novice programmers focus on certain parts of the code while neglecting others,
especially those they find challenging or do not understand [35]. This selective reading
leads to incomplete or incorrect interpretations of the code’s overall purpose.

In this study, some participants demonstrated this behaviour by overlooking critical
lines of code essential for understanding the program’s functionality. For instance, P3
and PS5 ignored the conditional statement in Line 5 and insisted that the result in
Line 7 will be calculated. P3 stated: “The purpose of this code is to find the result of
each number as we combine them 2, 3, 4, 6, 7”. Similarly, P5 mentioned: “The code
calculates the result which is at first initialised to zero”.

By neglecting significant sections of the code, these participants missed the
interactions between different components. This led to incorrect conclusions about the
code’s purpose. This behaviour may stem from a lack of understanding or confidence
in dealing with certain programming constructs, prompting novices to skip over parts
they find difficult [13]. This tendency hinders the development of comprehensive code
comprehension skills [5]. When novices overlook parts of the code, they cannot fully
grasp its functionality or accurately articulate its overall purpose. This limitation can
impede their ability to debug, modify, or extend code, which are all essential skills for
effective programming.

Misinterpreting the relationship between the lines of code. A lack of understanding
of how the lines of code work together may impede novice programmers’ ability to
describe the purpose of the code [15]. This type of reasoning behaviour often arises due
to a lack of code reasoning skills. For instance, P2 did not understand the meaning of
the if statement condition in Line 5. He consistently stated that the condition will be
false, and Line 7 will be executed: “So here [in Line 5] num[1i ] contains the value of
3, is 3less than 0? [The answer is] false. This code [Line 7] is going to be executed.
The previous result was 1 so now is 1 plus 1. The index 2 contains the value 4. Is
4 less than 0? [The answer is] false. The answer is 3. The index 3 contains 6 value.
Is 6 less than 0? [The answer is] false. The previous result is 3 plus 1 which is
4. So, the final answer is 5.

P2’s response indicates difficulty in recognising the connections between the lines
of code, likely due to limited programming knowledge. Novice programmers who fail
to identify such connections often describe the purpose of a code segment in vague or
overly general terms [23]. This limitation typically stems from a misunderstanding of
programming concepts or an inability to articulate their reasoning clearly [40]. As a
result, they struggle to determine how individual lines contribute to the overall purpose
of the code.

Due to fragile knowledge, novice programmers are often unable to derive general
conclusions without relying heavily on specific examples [36]. Khomokhoana and Nel
[13] add that the ability to read and interpret programming code is a core skill many
novice programmers struggle with. Due to the required core skill, novices are unable to
recall, apply, or construct the needed knowledge to reason properly about the code [25].
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4.2  Inability to perform deductive reasoning

Deductive reasoning refers to the process of drawing general conclusions solely from
examining or reading the code [28]. When novice programmers apply this approach,
they do not have to use specific values to reason about the code [36]. The following
sub-sections discuss the different deductive reasoning mistakes made by the
participants in this study when they were asked to deduce the purpose of the provided
code segment.

Unable to abstract from code. Abstraction of code can be explained as the ability to
understand its meaning without tracing the code with specific values [38]. Novice
programmers should be able to abstract the codes' purpose without using specific values
to determine the final results or output of the code [19]. However, the think-aloud
findings show that participants in this study were unable to do this. In answering
Question 3, P2 remarked: “The code calculates the result with respect to the
requirements of the for loop and the answer of this code is 5”. Similarly, P6 said:
“The overall purpose of this code is to add listed numbers”. Both participants used array
elements to calculate the result in Line 7.

The responses indicate that participants lacked the ability to infer the computation
performed by the code just by examining it or without using values. This behaviour
may stem from being unable to think abstractly about the purpose of the given code
[28]. Due to this limitation, novices often end up being unable to conclude how the
code behaves over all possible inputs and express that behaviour at a high level of
abstraction [4]. Consequently, they struggled to summarise the overall computation
carried out by the code without using specific values.

Unable to chunk code. Soloway [34] refers to chunks as plans about the code. Novices
find it difficult to chuck several lines of code and treat them as a single unit [8]. This
behaviour occurs when novices are confused by lines of code and end up not knowing
how to recall the knowledge necessary to solve the problem [29]. An illustrative
example comes from one participant (P5) , who struggled to devise a strategy for
handling multiple lines of code collectively, leaving them unsure about the next steps
do: “Okay, in this case, all my numbers are positive, and they are all greater than 0 ...
the first index is 2... [and] all of them are positive. So, [what] would I do? .

P5’s response highlights the struggle novices face in developing plans to
comprehend multiple lines of code as a whole. This difficulty arises when novice
programmers, hindered by limited programming knowledge, process each line
individually without recognising the links between them [37]. Consequently, they
cannot formulate strategies to interpret the code in larger chunks or explain its overall
meaning in a single sentence. Overcoming this challenge involves cultivating the ability
to infer the code’s computations simply by reading it [36], without relying on specific
values. By learning to chunk or abstract code, novices become more adept at
understanding its higher-level logic and reusing it for other tasks. This can help to
improve their capacity to explain the purpose of the code [29].
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4.3  Misunderstanding the working process of loops and arrays

Learning and understanding loops and arrays can be notably challenging for novice
programmers [45]. An understanding of these topics is crucial for novices aiming to
progress to advanced programming concepts [31]. It is therefore imperative that novice
programmers accurately understand how loops and arrays work to effectively reason
about code.

As participants worked on the think-aloud questions, the researcher observed them
and took notes. Table 2 shows a summary of observation checklist data.

Table 2. Summary of observation checklist data

Statements Yes (%) No (%)
Understand loop control variable 100 0
Understand loop condition 86 14
Increment and set a new value 86 14
Able to execute the code inside the block 14 86
Understand array index and element 86 14
Confident with for loops 29 71
Confident with arrays 43 57

The following sub-sections explain the mistakes that novices made when they could
not interpret the working process of loops and arrays properly.

Array elements and indexes. Arrays can be described as an indexed collection of data
elements that are stored in successive locations in the computer memory [41]. Similar
to the observations of Kurvinen et al. [14], most participants in this study (57%)
struggled to understand how array indexes and elements work. Some participants found
it challenging to distinguish between the array index and values element. In interpreting
Line 1, P2 commented as follows: “I have an array of 5 indexes. For index 0, I have
2, index 1, I have 3, index 4 I have 2 ... mmm ... index 4 I have 3, index 5 it’s 4. So,
int result [is] 0. For the index, 1 is equal to 0. Is 0 less or equal to 5?7

P2 made a mistake when using the array index to access the array element. For
example, the array element of index 4 is 7 not 2 or 3. In the same way, P7 struggled
to accurately interpret every element of the array in Line 1: “I am already given the
length of an array. It will take 5 numbers because [an] array prints numbers. The array
[elements] I am given are 2, 4, 6 and 7”. Instead of specifying all the array elements
based on the array length in Line 1, P7 overlooked the second array element which is
3.

These responses highlight the novices’ difficulties in interpreting key data structure
concepts related to arrays, such as indexes, elements, and their corresponding values
[30]. This limitation impeded their ability to accurately use array indexes to reference
element values.
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Working order of for loops. Although for loops are usually introduced in the first
semester of CS1 courses [31], many novice programmers struggle to understand for
loops in later semesters [13]. Based on the researcher's observations, some participants
(14%) did not understand how the loop condition works to support a specific number
of iterations. In addition, most participants (86%) were struggling to execute the code
inside the for-loop body. For instance, P1 did not understand that the for-loop body
is executed once per iteration until the condition becomes false. He said: “... the if
statement will be executed when the loop is done running”.

This participant’s response underscores a lack of strategic knowledge about which
statements belong inside or outside the loop and how to position conditional statements.
This led the participant to an incorrect understanding of the for-loop’s execution
order. This difficulty often stems from two core challenges novices face: understanding
nested structures in control flows and grasping how variable values change during each
iteration [46]. Limited exposure to diverse for-loop tasks further hinders the
development of these fundamental skills. Moreover, loops and arrays remain
particularly challenging concepts for novices [14], despite being foundational topics in
CS1 courses [41].

5 Implications for the teaching of introductory programming

The development of code explaining skills remains critical for novices aiming to
progress to more advanced programming tasks [4]. Many facilitators inadvertently
overlook or underemphasise the mental operations novices need to comprehend code
effectively [13]. This section outlines strategies that can assist facilitators in equipping
novice programmers with the skills to recognise and overcome the common code
explaining errors identified in this study.

5.1 Reliance on inductive reasoning

In this study, novice programmers frequently inferred a code’s purpose based on
specific examples which lead them to overlook key logical constructs. Facilitators can
address this by gradually increasing task complexity. This includes starting with simple
exercises that involve minimal components and culminating in more advanced coding
scenarios. Such a scaffolded approach will help students to learn how code executes,
predict its behaviour, and examine outputs without defaulting to guesswork.
Additionally, encouraging students to read and analyse both their own code and explain
code snippets written by others could help to foster deeper engagement with the logic
behind code execution [21]. By moving beyond surface-level observations, novices are
likely to become more adept at pinpointing the relationships between different parts of
the code [29]. This could, in turn, help to diminish their reliance on inductive reasoning
[371.
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5.2  Inability to perform deductive reasoning

Most of the novices in this study struggled to reason abstractly about code without
tracing specific values. In response, facilitators should explicitly teach systematic code
reading and abstraction skills. This might involve brief exercises where students
summarise the overall functionality of short code segments in their own words, while
focusing on the underlying logic rather than line-by-line tracing [8]. Persistently
engaging students in these practices will likely encourage them to identify patterns [11]
and reapply these insights to unfamiliar programs [6]. Over time, students will learn to
make sense of code simply by reading it, thereby strengthening their capacity to provide
succinct, high-level explanations of any code segment [36].

5.3  Misunderstanding the working process of loops and arrays

Loops and arrays emerged as particularly problematic concepts for many novices, often
resulting in confusion about code flow and data handling. To mitigate these challenges,
facilitators can implement stepwise code tracing exercises that highlight how each
iteration and array indexing step affects the program’s state [7]. Introducing loop types,
such as for-loops and while-loops, alongside illustrative examples, will allow
students to observe how variations in loop structure influence array manipulation [12].
By repeatedly connecting these concepts to real-world scenarios, novices are likely to
gain a concrete understanding of how loops and arrays function together. Ultimately,
they will be better positioned to explain such code constructs more clearly and
accurately.

54  Summary

By focusing on scaffolded exposure, explicit instruction in abstract reasoning, and
systematic code tracing, facilitators can help novices overcome the code explaining
errors detailed in Section 4. Through repeated practice and the adoption of these
targeted strategies, novice programmers are more likely to internalise core coding
principles, reduce reliance on surface-level reasoning, and develop the confidence to
explain code concisely and accurately.

6 Conclusion

Reasoning about and explaining code remains a core skill that novice programmers
must develop to progress in their studies. This study set out to identify common code
explaining errors made by a select group of novice programmers. Three major
categories of difficulties were revealed: reliance on inductive reasoning, inability to
perform deductive reasoning, and misunderstanding the working process of loops and
arrays. These findings confirm that novices often struggle to extract and articulate the
abstract meaning of code without tracing its execution in detail.

By understanding the typical errors made by students, such as guessing the code’s
purpose based on familiar patterns or struggling to interpret loops and arrays,
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facilitators can tailor their instruction to address these gaps more effectively.
Facilitators can design learning activities that promote higher-level reasoning, scaffold
complex topics, and encourage students to articulate the logic behind code segments.
Such targeted interventions may help reduce novices’ reliance on trial-and-error
approaches and equip them to provide clear, succinct explanations of code.

These insights also offer a valuable basis for further research, particularly
longitudinal studies that track how students’ code explaining skills evolve in response
to targeted educational strategies. Investigating whether these interventions can foster
durable improvements in code comprehension would help to further strengthen current
knowledge in programming education.

Statement on ethics: Ethical approval for this study was obtained from the General/Human
Research Ethics Committee of the UFS (Reference number: UFS-HSD2019/0039/0304/21).
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Abstract. Cybersecurity is always evolving requiring agile cybersecurity
specialists. The knowledge-based qualifications seem to be insufficient in
equipping graduates with the agility required to address emerging threats. This
studies conceptual analysis examines how cybersecurity education should shift
from rote knowledge transfer to fostering critical thinking, adaptability, and
lifelong learning. The study analyzes existing literature on cybersecurity
curricula, industry requirements, and pedagogical frameworks to propose a
model that aligns academic offerings with dynamic industry expectations. The
findings highlight the need for experiential learning, problem-solving
approaches, and continuous skill development to ensure graduates remain
relevant in the field. The paper further then concludes by giving future directions.

Keywords: Adaptability, Cognitive Learning, Critical Thinking, Cybersecurity
Education, Cybersecurity Qualifications, Lifelong Learning, Metacognitive
Learning.

1 Introduction

Cybersecurity is a dynamic field where threats, technologies, and best practices evolve
rapidly. The fast evolution of cybersecurity attacks, such as ransomware, Al-Enhanced
Phishing Attacks, Highly Evasive Adaptive Threats and Exploitation of Large Language
Models, highlight the necessity for professionals who can think critically and adapt
swiftly to new threats [1]. The increasing reliance on cloud computing, the Internet of
Things (IoT), and blockchain technology further complicates the security landscape,
demanding cybersecurity professionals to be agile [2].

The current supply of cybersecurity professionals comes from two primary pathways:
the qualifications route and the certification route. The qualifications route consists of
individuals who pursue formal academic degrees in cybersecurity, computer science, or
related fields from universities and colleges. This pathway provides a broad theoretical
foundation, research exposure, and structured learning but may lack direct industry
experience [3]. On the other hand, the certification route focuses on industry-recognized
credentials such as CISSP, CompTIA Security+, CEH, and CISM, which emphasize
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practical skills and are often pursued by professionals looking to upskill or transition
into cybersecurity roles [4]. While academic qualifications offer depth and long-term
career progression, certifications provide a faster, targeted approach to meeting industry
demands [3].

Majority of cybersecurity qualifications often specialize in knowledge transfer and
static skill development which is the main reason why industry seems to be employing
people with certifications more than qualifications [5]. Many educational programs are
based on static curricula, focusing on theoretical aspects of cybersecurity without
providing adequate opportunities for hands-on problem-solving, critical thinking, and
adaptability training [6].

Cybersecurity degree and diploma programs are designed to equip students with the
knowledge and skills necessary to protect information systems and networks primarily
based on known threats and vulnerabilities, with very little to no emphasis on adapting
to future, unknown risks. The curriculum focuses on identifying and mitigating existing
cyber risks such as ransomware, phishing, malware, and insider threats, ensuring that
graduates can implement security measures that safeguard data confidentiality,
integrity, and availability [7]. Risk assessment methodologies are structured around
current threat landscapes, enabling students to evaluate vulnerabilities based on
established cyber threat intelligence and apply mitigation strategies that address present-
day challenges [8]. Additionally, incident response and forensic investigation training
prepare graduates to handle security breaches and analyse attack vectors based on
historical attack patterns, rather than anticipating emerging threats.

While ethical and legal considerations are emphasized, these are largely rooted in
existing policies and regulatory frameworks, limiting the ability of professionals to
proactively navigate future cybersecurity challenges. Moreover, communication skills
are developed to articulate security risks and solutions effectively, but often within the
confines of known threat models [9]. As a result, while these programs produce
graduates who are well-prepared to manage current cybersecurity threats, they offer
minimal focus on fostering agility and adaptability to respond to future, unpredictable
risks in the rapidly evolving cybersecurity landscape. This creates a mismatch between
industry expectations and graduate capabilities, leaving employers preferring candidates
from the certification route [3].

This study thus argues that cybersecurity qualifications should instead focus on
cultivating critical thinking, adaptability, and lifelong learning to prepare graduates for
an ever-changing landscape. By integrating cognitive and metacognitive learning
approaches, students can develop a deeper understanding of cybersecurity principles
while also enhancing their ability to assess new threats and devise innovative solutions.
To achieve this, the paper is structured as follows: Section 2 provides a comprehensive
discussion of the methodology followed for this study. Section 3 discusses the results.
Section 4 presents the proposed framework, detailing its core components. Finally,
Section 5 concludes with recommendations for academia and industry, outlining
potential pathways for future research and implementation.
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2 Methodology

This study employs a conceptual analysis approach. This is a research approach used to
examine and clarify concepts, theories, or frameworks by breaking them down into their
fundamental components. It focuses on understanding how a concept is defined,
interpreted, and applied within a specific field [10]. For this study, conceptual analysis
was used to examine how cybersecurity education can transition from a knowledge
transfer model to one that fosters critical thinking, adaptability, and lifelong learning.
Given the rapidly evolving nature of cybersecurity threats, traditional static curricula
often become obsolete, necessitating a more dynamic and flexible approach to
education. To address this, the study critically reviews existing theoretical frameworks,
educational models, and cybersecurity curricula to develop a framework that aligns with
industry expectations.

2.1  Research Design

This study is qualitative in nature and follows a conceptual analysis approach, which
involves four steps as shown in Fig. 1.

* A structured review of key concepts such
as knowledge transfer, critical thinking,
adaptability, and lifelong learning in the
context of cybersecurity education.

1. Identifying
and Defining
Core Concepts

2. Examining * Analyzing cognitive and metacognitive
Existing learning theories to understand how
Theoretical cybersecurity education can integrate critical
Frameworks thinking and adaptability.

3. Evaluating
Cybersecurity
Curricula and
Standards

* A comparative analysis of university
curricula, international frameworks (e.g.,
NICE, ACM Cybersecurity Curriculum),
and professional certifications to assess
how these align with industry needs.

4. Developing a
Conceptual

Framework « Synthesizing findings to propose a structured

framework for cultivating critical thinking and
adaptability in cybersecurity qualifications.

Fig. 1. Conceptual Analysis Steps
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2.2 Data Sources

This study does not involve primary data collection. The analysis is based on the on the
data sources in Table 1.

Table 1. Data Sources

Source Description

Academic Literature Peer-reviewed journal articles, conference papers, and books
related to cybersecurity education and pedagogy.

Industry  Reports Guidelines from NIST, ISACA, and ACM to assess current

and Standards industry expectations.
Cybersecurity Course outlines, syllabi, and accreditation guidelines from colleges,
Curricula universities and cybersecurity certification bodies.

Educational Theories Foundational works on cognitive and metacognitive learning
theories, constructivism, problem-based learning, and other
pedagogical strategies relevant to cybersecurity education.

2.3  Analytical Approach

A thematic analysis is conducted to extract key insights from the reviewed literature and
frameworks, ensuring a structured approach to understanding how cybersecurity
education can better integrate critical thinking and adaptability. The analysis begins with
concept identification and categorization, where definitions and discussions of critical
thinking, adaptability, and knowledge transfer are examined to classify their roles within
cybersecurity education. This is followed by theoretical alignment, which involves
mapping cognitive and metacognitive learning theories to existing cybersecurity
training methodologies to assess how well they support the development of higher order
thinking skills. Next, a gap analysis is performed to identify the limitations of current
cybersecurity curricula, particularly in their ability to foster critical thinking and
adaptability in graduates. Finally, the insights gained from this analysis are synthesized
into a framework development process, proposing a structured educational model that
integrates agility and lifelong learning as core components of cybersecurity
qualifications. This comprehensive approach ensures that cybersecurity education
moves beyond mere knowledge transfer to cultivate professionals who can adapt to the
rapidly evolving digital threat landscape.

2.4  Ensuring Rigor and Validity

To ensure a comprehensive and objective analysis, the study follows best practices in
conceptual research by incorporating multiple theoretical perspectives, cross-verifying
sources, and applying an iterative refinement process. By drawing from diverse learning
theories, the study constructs a robust educational framework that integrates cognitive
and metacognitive approaches to enhance critical thinking and adaptability in
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cybersecurity education. Additionally, findings from academic literature, industry
reports, and existing curricula are compared to ensure consistency and reliability,
preventing bias from any single source. The conceptual framework is then continuously
refined through an iterative process, incorporating new insights from literature and
aligning with evolving industry needs. This rigorous approach strengthens the validity
of the proposed framework, ensuring its relevance and applicability in modern
cybersecurity education.

3 Results and Discussions

This section presents the findings of the study and their implications, structured into
three key areas. Identifying and Defining Core Concepts explores the foundational
elements of cybersecurity education, clarifying key competencies required for industry
readiness. Examining Existing Theoretical Frameworks analyses established models
that guide cybersecurity learning, including cognitive development, metacognitive skill
building, and strategic curriculum design. Lastly, Evaluating Cybersecurity Curricula
and Standards assesses the alignment of university programs, international frameworks,
and professional certifications with industry needs, highlighting areas for enhancement
and future development.

3.1 Identifying and Defining Core Concepts Knowledge Transfer

Knowledge transfer is the process of conveying information, skills, or expertise from
one individual, group, or institution to another [11]. In cybersecurity education, it
typically involves structured curricula, lectures, textbooks, and online materials
designed to teach foundational principles such as cryptographic methods, network
security, risk management, and regulatory compliance [12]. This approach ensures that
students gain a strong grounding in cybersecurity concepts, providing a standardized
learning experience that aligns with industry frameworks and best practices.
Additionally, knowledge transfer is highly efficient, allowing large groups of learners
to quickly absorb essential cybersecurity information [13]. It also plays a crucial role in
preparing students for both professional certifications and qualifications.

Critical Thinking . Critical thinking is the ability to analyse, evaluate, and synthesize
information in a logical and structured manner to make reasoned judgments. It involves
questioning assumptions, identifying biases, assessing evidence, and applying problem-
solving skills to complex situations [14]. In cybersecurity, critical thinking enables
professionals to anticipate threats, assess risks, and develop effective security strategies
rather than relying solely on predefined rules and procedures [15]. Given the rapidly
evolving nature of cyber threats, the ability to think critically allows cybersecurity
experts to adapt to new challenges, recognize emerging attack patterns, and respond
proactively to security incidents. Cybersecurity professionals must often make quick,
high-stakes decisions under pressure. Effective decision-making requires the ability to
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evaluate incomplete or ambiguous information, prioritize risks, and determine the most
appropriate course of action. Additionally, critical thinking enables professionals to
adopt an adversarial mindset, thinking like attackers to identify weaknesses in security
systems before they can be exploited.

Adaptability. Adaptability is the ability to adjust to new conditions, learn from
evolving situations, and modify one’s approach to problem-solving in response to
change [16]. In cybersecurity, adaptability is a crucial skill as threats, technologies, and
security frameworks are constantly evolving. Cyber professionals must be able to
quickly understand and respond to emerging attack vectors, new vulnerabilities, and
shifting regulatory landscapes. Unlike static knowledge transfer, which focuses on
established practices, adaptability ensures that cybersecurity professionals can
continuously update their skills and knowledge to stay ahead of malicious actors [17].

Lifelong Learning. Lifelong learning is the practice of continually developing and
expanding one's knowledge and skills throughout their life [18]. It is a crucial concept
in many fields but is a cornerstone for anyone pursuing a cybersecurity qualification.
As the threats we face continue to grow more complex and the technologies we rely on
evolve, the ability to continually learn, adapt, and remain agile is essential to
safeguarding data and systems effectively [19].

Examining Existing Theoretical Frameworks. This section explores key theoretical
frameworks that shape cybersecurity education, providing insights into how learning
strategies can be optimized to develop competent professionals. Cognitive
Development in Cybersecurity Education examines how problem-solving, analytical
thinking, and hands-on learning experiences prepare students for real-world security
challenges. Metacognitive Skill Building in Cybersecurity Education highlights the
importance of self-reflection, adaptive learning, and strategic decision-making in
fostering lifelong learning and professional growth. Finally, Evaluating Cybersecurity
Curricula and Standards assesses the alignment of academic programs with industry-
recognized frameworks and certifications, identifying gaps and opportunities for
improvement in cybersecurity education.

Cognitive Development in Cybersecurity Education. In the cybersecurity education,
fostering curiosity through inquiry-based learning allows students to delve deeper into
the ever-changing nature of digital threats. By encouraging students to ask questions,
investigate the latest trends in cyber risks, and explore emerging technologies, this
approach nurtures their critical thinking and problem-solving abilities. Students learn
how to gather and analyse data, formulate hypotheses, and design research-driven
solutions that are both relevant and innovative in addressing cybersecurity challenges
[15].

Simulated cyber incidents present an effective learning method for enhancing
students' ability to think on their feet [20]. By placing students in realistic cybersecurity
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crisis situations, they are required to assess the risks, weigh potential outcomes, and
make informed decisions under pressure. These exercises not only help students practice
their decision-making processes but also foster a deeper understanding of the
complexities involved in real-world cybersecurity challenges [21]. Additionally,
justifying their responses promotes analytical reasoning and the ability to defend their
choices in a professional setting.

Cybersecurity often requires collaboration and the sharing of ideas to successfully
tackle challenges. Facilitating teamwork in cyber labs provides students with the
opportunity to engage with peers, exchange knowledge, and work together on solving
complex problems. In these environments, students are exposed to diverse problem-
solving approaches, which broadens their perspectives and improves their ability to
collaborate in multidisciplinary teams. Peer learning enhances communication skills
and encourages knowledge sharing, which are vital for cybersecurity professionals in
real-world settings [22].

Metacognitive Skill Building in Cybersecurity Education. Encouraging students to
engage in self-assessment exercises allows them to reflect critically on their incident-
handling strategies and recognize areas for improvement. This introspective process
helps students evaluate their strengths and weaknesses, which is crucial in a field where
the ability to learn from mistakes and continuously improve is key to success. Self-
evaluation also promotes a growth mindset, where students understand that their skills
can evolve with time and practice [23].

Integrating structured reflection activities, such as journaling and post-assessment
reviews, provides students with dedicated time to analyse their learning experiences.
These activities guide students in refining their decision-making processes and help
them consolidate their knowledge by linking theory to practice. Reflective journaling
encourages students to think deeply about what they learned, how they approached
problems, and what strategies could be improved in future scenarios [23].

Implementing continuous feedback mechanisms throughout the learning process
ensures that students receive real-time insights into their performance. These feedback
loops are essential for students to understand how their decisions align with best
practices and industry standards. Timely, constructive feedback allows students to
course correct quickly, refine their strategies, and improve their decision-making skills
in a practical setting. This iterative process of receiving feedback, applying changes,
and reassessing promotes continuous improvement and a deeper understanding of
cybersecurity principles [24].

Evaluating Cybersecurity Curricula and Standards. University curricula often
provide a strong foundation in theoretical knowledge but may lack sufficient hands-on
experience and real-world applications, which are crucial for developing job-ready
cybersecurity professionals [3, 25]. International frameworks like NICE [26] and ACM
[27-30] bridge this gap by emphasizing practical training, while professional
certifications such as CISSP and CompTIA Security+ focus more on real-world skills,
aligning directly with industry needs [31]. In terms of emerging technologies,
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international frameworks and certifications tend to adapt more quickly to new
advancements like cloud computing, Al, and machine learning, whereas university
curricula may be slower in integrating these developments. Regarding career pathways,
frameworks like NICE offer clear, structured career paths with defined roles, helping
students navigate their professional trajectory in cybersecurity. University curricula, in
contrast, may not always connect to specific career roles and tend to focus on broad
knowledge. Professional certifications, such as CISSP, provide a direct pathway to
senior or specialized roles. In terms of industry alignment, certifications are highly
responsive to current best practices and emerging threats, often being updated more
frequently than university curricula. While NICE and ACM frameworks stay aligned
with industry trends, university programs may lag behind, particularly when it comes
to cutting-edge topics. Additionally, professional certifications and international
frameworks are more adaptable to industry changes, incorporating the latest
technologies, while university curricula tend to evolve more slowly and may require
more frequent updates [7]. Lastly, all three approaches emphasize the importance of
critical thinking, although university curricula may place less emphasis on practical
problem-solving. NICE and ACM frameworks encourage critical analysis, and
certifications test problem-solving skills through real-world scenarios.

To present the results of the comparative analysis, Table 2 summarizes the findings
and compares key elements of university curricula, international frameworks (NICE and
ACM), and professional certifications in terms of how they align with industry needs.
This was focused on areas like practical skills, emerging technologies, career pathways,
and real-world application.

Table 2. Evaluation of Cybersecurity Curricula and Standards

Criteria University Curricula | International Professional
Frameworks (NICE, | Certifications (CISSP,
ACM) CISM, Security+)
Core Focus on theoretical | NICE and ACM pro- | Certifications focus on
Competencies | knowledge, vide a structured set specialised competen-
foundational concepts | of competencies, cies (e.g., governance,
(e.g., cryptography, | covering all aspects of | risk management for
network security, risk cybersecurity CISM, technical skills
management). including risk for CompTIA
management, secure Security+).
software
development, and
incident response.
Practical Limited hands-on labs | NICE promotes | Certifications typically
Experience or simulations, | competency-based focus on real-world
internships may vary | training and real-world | scenarios  with a
by program. application. ACM | practical approach (e.g.,
suggests adding | CISSP and CompTIA
practical labs and | include real-world
projects to curricula. scenarios in exams).
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Emerging Curricula may be slow | Frameworks like | Certifications like
Technologies to integrate new | NICE are updated to | CISSP, CISM, and
technologies like Al, | include roles and skills | CompTIA Security+ are
machine learning, and | needed for emerging | frequently updated to
cloud computing. technologies. ACM | cover emerging trends
suggests incorporating | in cybersecurity.
advanced topics.
Career Career paths may not | NICE provides well- | Certifications provide a
Pathways always be clear or | defined career | direct path to specific
integrated into the | pathways with role- | job roles (e.g., CISSP
curriculum. Focus is | specific competencies. | for senior security roles,
often on preparing for | ACM  also aligns | CISM  for security
broad roles. education with career | management).
development.
Industry Curricula may not | Frameworks like | Certifications are highly
Alignment always align with the | NICE and ACM are | aligned with industry
latest industry trends | closely aligned with | needs, with
or address specific | industry needs and | certifications like
roles that are in high | reflect current job | CompTIA  Security+
demand. market demands and | and CISSP reflecting
competencies. current industry
demands for specific
expertise.
Adaptability to | Curricula may take | NICE and ACM | Certifications are
Change time to adapt to rapid | frameworks evolve to | continuously updated to
technological changes | reflect changing | reflect new threats,
and evolving cyber | technologies and new | tools, and best practices.
threats. cybersecurity
challenges.
Focus on Emphasis on | Frameworks Certifications like
Critical theoretical knowledge | emphasise critical | CISSP and CompTIA
Thinking & and analytical skills | thinking, especially in | Security+ require
Problem- but may lack in | roles like incident | problem-solving skills
Solving practical,  problem- | response, vulnerability | in practical, real-world
solving training. assessment, and risk | scenarios.
management.
Legal and Includes courses on | NICE includes | Certifications like
Ethical legal, ethical, and | knowledge of | CISSP and CISM
Considerations | regulatory aspects of | cybersecurity policies | place a strong emphasis

cybersecurity, though
may not be
comprehensive.

and law as part of its
competencies. ACM
emphasises ethics in
the context of
cybersecurity.

on legal, regulatory, and
ethical issues in
cybersecurity.
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Global Varies widely by | NICE and ACM are | Certifications like
Recognition program, but some | internationally CISSP, CompTIA
universities o.ffer recognised and used as | Security+, and CISM
globally  recognised | gandards for | are globally recognised
degrees. curriculum and valued by
development. employers worldwide.
4 Proposed Framework for Creating Cybersecurity
Qualifications

This section discusses the proposed framework (depicted in Fig.2.) and how it shapes
cybersecurity education, providing insights into how learning strategies can be
optimized to develop competent professionals.

Legal and Ethical

. Considerations
Industry Alignment

Focus on Critical

Thinking and Problem-

‘ . Solving
Integration of Emerging

Technologies

Cybersecurity

Qualification

Clear Career Pathways Global Recognition

and Standardization

Practical Experience o
Enhancement Adaptability to

Change

Fig. 2. Cybersecurity Qualification Creation Framework

4.1 Practical Experience Enhancement

Strategy: Integrate hands-on labs, simulations, and real-world case studies into the
curriculum.

Action Plan: To enhance practical experience in cybersecurity education, universities
should actively partner with industry leaders to provide students with internships, co-op
programs, and live project experiences, ensuring they gain real-world exposure to
cybersecurity challenges. Incorporating cybersecurity labs, Capture the Flag (CTF)
challenges, and simulations will allow students to practice defending systems in real-
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time scenarios, reinforcing their problem-solving skills in a controlled environment.
Establishing a Cybersecurity Operations Centre (SOC) within the university can further
provide hands-on training in security operations and incident response, giving students
direct experience with threat detection and mitigation. Additionally, creating and
maintaining virtual environments, such as cloud platforms and virtual machines, will
enable students to practice cybersecurity operations, network defences, and penetration
testing in a risk-free setting, better preparing them for industry demands

4.2  Integration of Emerging Technologies

Strategy: Ensure curricula reflect the latest developments in cybersecurity technologies
and practices.

Action Plan: To ensure cybersecurity curricula remain relevant and aligned with
industry advancements, universities should regularly update course content to include
emerging technologies such as Artificial Intelligence (Al), machine learning, cloud
computing, blockchain, and quantum computing. Collaborating with industry
professionals and tech companies will help institutions stay current with technological
trends and integrate them effectively into their programs. Developing specialized
modules or elective courses focused on emerging technologies and their applications in
cybersecurity such as cybersecurity for [oT or Al-driven threat detection will provide
students with targeted expertise in high-demand areas. Additionally, fostering
innovation through independent research projects and hackathons will encourage
students to explore these technologies in practical scenarios, equipping them with
hands-on experience and problem-solving skills essential for the evolving cybersecurity
landscape.

4.3  Clear Career Pathways

Strategy: Create structured career pathways and align courses with industry job roles.

Action Plan: To better align cybersecurity education with industry needs, universities
should design a competency-based curriculum that adheres to internationally
recognized frameworks such as NICE, ensuring that students develop the key
competencies required for specific cybersecurity roles. Introducing role-specific tracks
or specializations such as Incident Response, Risk Management, Security Analysis, and
Cloud Security will allow students to tailor their education to their career aspirations.
Additionally, providing career counselling and mentorship programs with cybersecurity
professionals will help students gain insights into industry expectations and required
skill sets. A structured roadmap should be developed to guide students from
foundational courses to specialized topics, ensuring a logical progression that equips
them with both theoretical knowledge and practical expertise relevant to their chosen
career paths.
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4.4 Improving Industry Alignment

Strategy: Establish continuous feedback mechanisms with industry stakeholders and
align curricula with real-world needs.

Action Plan: To enhance industry alignment and ensure cybersecurity curricula remain
relevant, universities should establish an advisory board comprising industry
professionals, alumni, and academic experts who can provide regular input on
curriculum updates and industry trends. Aligning course content with professional
certifications such as CISSP, CompTIA Security+, and CISM will help bridge the gap
between academic learning and industry expectations. Additionally, offering
certification preparation programs or integrating certification modules within the
curriculum will equip students with both theoretical knowledge and practical skills,
increasing their employability. To keep pace with the rapidly evolving cybersecurity
landscape, universities should incorporate current cybersecurity events, emerging
threats, and real-time threat intelligence into their courses, ensuring that students
develop a deep understanding of ongoing industry challenges and solutions.

4.5  Adaptability to Change

Strategy: Build an agile curriculum structure that can quickly incorporate changes in
the cybersecurity landscape.

Action Plan: To maintain the relevance and effectiveness of cybersecurity education,
universities should implement regular curriculum reviews and updates based on
evolving industry trends, technological advancements, and emerging cybersecurity
threats. Fostering an environment of continuous learning through workshops, seminars,
and guest lectures by industry experts will ensure students and faculty stay informed
about the latest developments. Encouraging faculty members to pursue ongoing
professional development such as attending cybersecurity conferences and obtaining
industry certifications will further strengthen the quality of instruction. Additionally,
adopting flexible teaching methods, including hybrid learning models and modular
course structures, will allow universities to rapidly introduce new topics and adapt to
the ever-changing cybersecurity landscape, ensuring students receive up-to-date and
industry-relevant education.

4.6  Focus on Critical Thinking and Problem-Solving

Strategy: Encourage critical thinking, problem-solving, and real-world decision
making through active learning and scenarios.

Action Plan: To enhance critical thinking and problem-solving skills in cybersecurity
education, universities should introduce scenario-based learning where students analyze
real-life cybersecurity incidents such as breaches and phishing attacks and develop
strategic solutions. Ethical hacking exercises, tabletop simulations, and role-playing
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activities should be incorporated to challenge students to think critically and respond
effectively to security threats. Additionally, integrating metacognitive exercises,
including self-reflection, post-assessment reviews, and peer feedback, will help students
develop a deeper understanding of their learning processes and foster continuous
improvement. Encouraging collaboration through interdisciplinary group projects,
where students from different tracks such as risk management, technical security, and
legal and ethical issues work together, will promote diverse problem-solving
approaches and prepare students for real-world cybersecurity challenges.

4.7  Legal and Ethical Considerations

Strategy: Embed legal, ethical, and regulatory considerations into the cybersecurity
curriculum.

Action Plan: To cultivate well-rounded cybersecurity professionals, universities should
ensure that students gain a deep understanding of the legal, regulatory, and ethical
dimensions of cybersecurity, including privacy laws, data protection regulations, and
the ethical responsibilities of security practitioners. Introducing dedicated courses or
modules on Cybersecurity Law, Digital Forensics, and Ethical Hacking will provide
students with both technical and legal insights, equipping them to navigate complex
security challenges responsibly. Encouraging active discussions and debates on the
ethical implications of cybersecurity decisions particularly in the context of emerging
technologies such as Al-driven security will foster critical thinking and ethical
reasoning, preparing students to make informed and socially responsible decisions in
their professional careers.

4.8  Global Recognition and Standardization

Strategy: Align the curriculum with international cybersecurity standards and
frameworks to enhance global recognition.

Action Plan: To ensure global relevance and industry alignment, universities should
map their cybersecurity curriculum to widely recognized frameworks such as NICE,
ACM, and ISO 27001, ensuring that students acquire competencies that meet
international standards. Integrating certification opportunities such as CISSP and CISM
into the curriculum will enhance students’ employability and ensure they graduate with
industry-recognized credentials. Establishing partnerships with global universities and
organizations will further strengthen the program’s international recognition, enabling
students to transition seamlessly into cybersecurity roles worldwide. Additionally,
promoting the program through global cybersecurity networks and professional
organizations will help maintain alignment with international expectations and attract
collaborations that enhance curriculum quality and industry engagement.
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5 Conclusion and Future Research Directions

The rapidly evolving cybersecurity landscape necessitates a shift in how academic
institutions prepare students for industry challenges. This research has highlighted key
areas where university curricula, international frameworks, and professional
certifications align and diverge concerning industry demands. While universities
provide foundational knowledge, their slower adaptation to emerging threats and
technologies underscores the need for a more dynamic, competency-based approach. In
contrast, professional certifications and international frameworks are more agile,
continuously updating to reflect current industry needs.

To bridge these gaps, this study proposed a comprehensive framework that integrates
theoretical knowledge with hands-on practical experience, emerging technology
adoption, career pathway structuring, industry alignment, adaptability, and critical
thinking development. The framework emphasizes partnerships between academia and
industry, the incorporation of cybersecurity labs and simulations, and the alignment of
curricula with recognized international standards such as NICE and ACM.

Furthermore, this research underscores the necessity of fostering metacognitive skill-
building among students, ensuring they develop lifelong leaming habits crucial for
staying ahead in a field characterized by constant evolution. Universities must also
prioritize continuous curriculum review processes, integrating new cybersecurity
trends, legal and ethical considerations, and interdisciplinary approaches to enhance
graduates' preparedness for the workforce.

Ultimately, addressing these challenges requires a collaborative effort among
academic institutions, industry stakeholders, and policymakers. By embracing a holistic,
future-oriented approach to cybersecurity education, universities can significantly
enhance their graduates' employability and effectiveness in securing digital
infrastructures. This research serves as a foundation for further exploration into the
optimization of cybersecurity education, ensuring its relevance and efficacy in an ever-
changing digital world.

Future work should focus on empirical validation through controlled experiments and
theoretical modelling to validate the framework, while addressing evaluation biases by
conducting systematic comparisons across diverse institutions (e.g., universities,
certification programs) with direct stakeholder input. Additionally, longitudinal studies
and qualification-specific case studies including tracking graduates from certifications
versus traditional qualification pathways will provide nuanced insights into skill
retention, employability, and workforce performance, ensuring robust, evidence-based
conclusions.
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Abstract. Industry Advisory Boards (IABs) provide valuable feedback to
academic departments relating to topics such as industry graduate requirements,
Information Technology (IT) trends, programme quality and curriculum
relevance. [ABs can ensure compliance with international curriculum standards,
such as the ACM curricula recommendations. The academic literature provides
general guidelines on the role and responsibilities, membership, composition and
the functioning of IABs. However, no empirically tested model for IAB
effectiveness presently exists, covering the I[AB tasks, roles, member
characteristics and the effects of these factors on the successful operation of an
IAB. Accreditation bodies, such as ABET, provide guidelines for implementing
and functioning IABs at Higher Education Institutions (HEIs). The aim of the
study was to evaluate a proposed IAB model that Computer Science, Information
Systems, Information Technology and other related departments at HEIs can use
for effectively managing their IABs. An IAB questionnaire was compiled and
sent to the Head of Departments (HODs) of 32 universities in Southern Africa.
A total of 36 Heads of Department or representatives at 26 HEIs in Southern
Africa completed the survey. The data were statistically and thematically
analysed. The results of the study indicate that the proposed IAB model can be
used, in association with guidelines and best practices for departments managing
[IABs. HODs of departments who managed an IAB provided advice on the
effective management of an [AB. This research study will assist academic
departments in implementing and maintaining IABs according to accreditation
body requirements and standards.

Keywords: Industry Advisory Boards, IAB model, Factors for [ABs.

© Copyright: The Authors
Proceedings of the 54th Annual Conference of the Southern African Computer Lecturers' Association (SACLA 2025)
ISBN: 978-1-0370-5208-8


mailto:Andre.Calitz@Mandela.ac.za
mailto:Margaret.Cullen@Mandela.ac.za

50 E. Taylor, A.P. Calitz, and M. Cullen

1 Introduction

Academic departments in Computer Science (CS), Information Systems (IS) and
Information Technology (IT) at Higher Education Institutions (HEIs) should offer
programmes and curricula that are relevant in a fast-changing environment, as students
should be prepared and skilled for a constantly changing workplace. Communication
and collaboration between academics and stakeholders from industry are important as
organisations, such as the IEEE Computer Society and the ACM [1], have provided
suggested curricula for programmes in CS (CS2023), IS (1S2020) and IT (IT2017) for
academic departments to implement and maintain current educational trends.

The use of an IAB is one of the best ways to bridge the academia-industry gap [2].
The purpose of an IAB is for industry experts to share their expertise with academic
leadership and staff [3] and to provide feedback to enhance students’ preparedness for
careers in industry [4]. An IAB is made up of academics as well as experienced industry
practitioners and provides guidance to academics on the latest industry developments,
technologies and trends. Williamson et al. [5] indicate that this is “clearly a win-win
scenario”.

Maintaining contact with IAB members and obtaining feedback from the IAB
members on academic programme quality has become an important activity at CS, IS
and IT departments at HEIs offering diploma and degree programmes [6; 7]. IABs
provide an important perspective and valuable source of advice on academic matters,
career choices and guidance for academic department members and students [6].
Academic departments may use [ABs to gain industry perspectives, obtain advice to
strengthen academic programmes and programme quality, introduce new or update
course content and assist departments to meet the requirements of accreditation bodies
[6; 8;9].

Accreditation boards, such as the ACM [1] and the BCS [10], require the
establishment and use of IABs by academic CS/IS/IT departments. It is clear from the
above that having and using an IAB is an advantage for a department at an HEL
However, there is not sufficient statistical data available to indicate the factors that
contribute to a department having an effective IAB. In addition, advice and feedback
from the Head of Departments (HoDs) on how to manage an effective IAB have not
been researched. In the survey conducted for this study, six HoDs indicated that they
are in the process of establishing an IAB. The objective of the study is to provide a
model for IAB effectiveness that departments can use as standard practices to ensure
that they understand the factors that enable the running of an IAB most effectively.

Zahra et al. [11] referred to advisory boards as an under-researched contributor to
education and indicated that it has become essential to gather more data about these
boards, as academic literature on the role and composition of advisory boards is limited.
This paper provides the current practices by CS/IS/IT departments in Southern Africa
on the use of IABs and statistically evaluates the factors that contribute to the effective
use of an IAB by an academic CS/IS/IT department. The research problem and research
objective are discussed in Section 2, and the Research Methodology and the IAB survey
in Section 3. Literature on the five factors identified in the literature is discussed in
Section 4. The IAB survey results are presented in Section 5. Conclusions and
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recommendations of this study, relevant to Departments making use of IABs at HEIs
and future work are discussed in Section 6.

2 The Research Problem and Research Objectives

Soderlund et al. [12] warn that a recent decline in scholarly interest in advisory boards
may limit the understanding of the advantages and complications of IABs. They further
refer to limited studies on best practices and the factors that contribute to the effective
use of IABs. Albarody et al. [13] indicated that there is a lack of comprehensive
research on what it takes to establish and manage an effective IAB. According to Zahra
et al. [11], further research on IABs would help departments better understand the role
and attributes of advisory boards, as well as how to best realise their potential. Calitz et
al. [6] provided guidelines for IT IABs at HEIs in Southern Africa. The guidelines
included:

e Guidelines concerning membership and the expectations of members;
¢ Guidelines concerning planning, attendance and documentation of meetings; and
e Guidelines for IAB minutes publication and website.

The research problem investigated in this study is based on the realisation that
certain critical factors influence the success of IABs at HEIs. However, the factors that
affect the functioning of efficient IABs, such as size, member composition, meetings,
documentation, etc., have not been empirically investigated. The research question
addressed in this study is: What factors affect the effectiveness of an IAB at HEIs? The
research objective of the study was to provide a statistically proven model for the
effective management of IABs at HEIs.

3 Research Methodology

The Technology Accreditation Commission of the US Accreditation Board for
Engineering and Technology (ABET) stipulates that each accredited programme at a
HEI must have an industrial advisory committee composed of industry representatives
[14]. Only a limited number of CS, IS and IT programmes are accredited at HEIs in
South Africa, and the HEIs presenting these programmes must comply with the
international accreditation body’s IAB requirements. The University of Cape Town,
School of IT announced in 2019 that several of its degree programmes have been
accredited by the British Computer Society’s Chartered Institute for IT [10].

An TAB questionnaire was compiled from similar studies discussed in the literature
[6; 8]. Items relating to the four independent factors: Demographics, Membership,
Meetings and Documentation, Member Knowledge and Responsibilities were included,
all having a positive impact on the dependent factor, Effective IABs (Fig. 1).

Ethics clearance was obtained from the faculty ethics committee. In order to
determine personal perceptions and honest information, it was decided to keep the
survey anonymous. The IAB questionnaire consisted of the following sections:
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e Biographical details;

e Open-ended questions relating to the use of an IAB by the specific
department/school,

e Open-ended questions relating to the benefits, challenges and advice relating to
IABs; and

e Five-point Likert scale statements relating to the four factors that affect an IAB's
effectiveness (Fig. 1).

The questionnaire was captured using the Nelson Mandela University online survey
tool, QuestionPro. The Heads of Departments (HoDs) from CS/IS/IT departments from
universities in Southern Africa were contacted via email. The call for participation was
distributed to the HoDs listed on the SACLA HoD list and later followed by personal
requests to HODs. A total of 27 HoDs and 9 HoD representatives from 36 departments
at 26 universities in Southern Africa completed the first survey over two weeks.

The quantitative data from the survey were statistically analysed using Statistica and
the qualitative questions were thematically analysed using the large language models
(LLMs), namely ChatGPT and Claude, for triangulation purposes. Infographics were
generated after the thematic analysis of the responses to the open-ended questions
relating to the benefits, challenges and advice provided by the respondents, using
ChatGPT.

The websites of all CS/IS/IT schools and departments in South Africa were further
analysed in 2025 to identify the schools and departments that indicated on their website
that they have an IAB. In addition, selected HODs of the schools/departments with
established TABs were contacted and asked to provide advice on the effective
management of an IAB.

4 Literature review

4.1 Industry Advisory Boards (IABs)

IABs play a crucial role in ensuring that curricula remain aligned with the latest
technological advancements and market needs [15]. Educational institutions sometimes
struggle to adapt curricula to meet these rapidly changing demands, resulting in a
significant skills gap [16]. To manage in this environment, academic institutions benefit
from engagement with industry to keep informed about the changes in the field and to
produce graduates likely to succeed in the working environment [17].

Partnerships between industry and academic institutions have become apparent as
key mechanisms for bridging the skills gap and ensuring that programmes remain
relevant to industry demands [16]. Ahmed et al. [18] indicate that it is essential that
action be taken to bridge the gap between academia and industry. One of the methods
to assist in student career readiness and employability is maintaining industry
relationships through an IAB [19]. Academic departments find value in collaborating
directly with the organisations that employ their graduates.

Cureton [20] refers to the decision made by the Secretary of the U.S. Department of
Education to amend regulations to provide institutions with flexibility to amend
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curriculum based on the recommendations of IABs. This decision shows recognition of
the importance of the use of IABs in Higher Education in ensuring the relevance of the
curriculum. The IAB’s role is to make recommendations and provide feedback [21].

Accreditation bodies require programmes to show that the requirements of the
stakeholders are reflected in the expected learning outcomes. In addition, the
specifications of programmes are up to date, the design of the curriculum includes
feedback from external stakeholders and it is relevant to industry [22]. The South
African Computing Accreditation Board (SACAB) and the Institute for IT
Professionals of South Africa (IITPSA) consist of senior academic and industry
representatives in S.A. and are currently implementing accreditation guidelines for
CS/IS/IT degree and diploma programmes in South Africa [23]. In the future, SACAB
will evaluate and endorse CS/IS/IT degree programmes at HEIs in S.A. These
programmes must comply with international standards, supporting international
portability of degree programmes and providing graduates with career paths and skills
required by the IT industry.

4.2 Factors that affect IAB success

Demographics. Advisory Board members should be carefully selected in terms of the
resources and human capital they bring, as indicated in the academic theories. The IAB
must consist of experts in the field of IT and academia who offer their skills, guidance
and knowledge to help the academic department achieve its goals and remain relevant
[24]. Diversity of thought, background and experience are characteristics to consider
when appointing an [AB [25].

The roles and responsibilities of IAB members need to be clarified and specified
when selecting IAB members. There are advisory boards that can inform research and
others that provide advice on curriculum content and job placement [29]. The selection
of people who participate on the board is very important, as well as the size of the group
[22]. Craig [30] also advises that members who understand higher education should be
chosen. Consider selecting leaders with influence within their organisation as well as
access to resources. Decisions should be made before selection of requirements such as
years’ experience, level of education and the number of alumni required on the IAB
[4]. The size of [ABs varies from institution to institution, but most institutions prefer
between 10 and 20 members [21].

An TAB could include industry professionals, academic professionals, career
services professionals and higher education leaders and should focus on the career
development of graduates [19]. IABs members should be professionals with experience
and responsibility in the industry, contributing their valuable perspectives to help
improve the quality of education. Members should preferably be from organisations
where graduates are employed. All relevant organisations, regardless of size, can bring
value to an IAB [4].

Stakeholders include internal representatives from academia and the student body.
External representatives should be subject matter experts, Alumni and representatives
from other academic institutions and departments. Social Capital Theory [11] indicates
that members should have networks that benefit the department by obtaining funding,
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internships, guest speakers and research collaboration. Members of academic advisory
boards are not compensated. They must be selected for the value they bring without
being compensated.

Meetings and documentation. Communication is at the centre of what makes an IAB
successful. Face-to-face communication provides the best results and allows for the
development of relationships among the participants [22]. In a study by Bowyer and
Avendano [4], almost 80% of IAB meetings took place once or twice per year. The
remaining 20% met three to four times a year and the most common meeting format
was a mixture of in-person and virtual. The IAB should meet on a regular basis and
twice a year is recommended as best practice [21]. Meetings should be held frequently
and in-person meetings are preferable [4]. The agenda should be provided well in
advance and cover topics such as curriculum changes, industry trends and graduate
employment statistics [3; 4].

The board meetings should be used as a platform for academics to share current
research to indicate the creation and advancement of knowledge. IAB members should
be kept informed of how their feedback was implemented, or an explanation should be
provided on why it was not [4]. IAB documentation should include an IAB policy
document and minutes of meetings. A good example of this practice is done by the
University of Pretoria, Department of Computer Science. The department has an
official IAB policy document, entitled 2023 ByLaws_Computer Science, specifying the
composition and functions of their IAB. Minutes of meetings should be published and
the IAB composition and functioning, including minutes of meetings, should be
published on departmental websites. Board members should be invited to other events
on campus, such as student project days and award ceremonies [4].

Member knowledge and responsibilities. Members should have a variety of
experiences and bring knowledge as well as an understanding of the industry to the
programme [29]. Members should have technical expertise and be aware of market
conditions and needs [30]. Genheimer and Shebab [31] explain that an effective IAB
should include members from different levels and different sources of knowledge, for
example, senior executives as well as younger members to bring a perspective and
knowledge closer to that of young graduates, as well as members from diverse business
segments and industries. According to Davis [29], successful board members are
honest, enthusiastic, open-minded, team players and competent. Advisory Boards
should provide trending industry information [24]. External advisory board members
are typically professionals who are appointed because of their specialised skills or
experience in the IT sector [32]. The responsibilities of members include attending
meetings, offering expert advice, supporting decisions, providing feedback and
identifying risks and opportunities [32].

Characteristics and advantages of effective IABs. The results of a study by Chidebe
et al. [17] show that not all cases of engagement with advisory board members are
meaningful enough to deliver the needed benefits. It is important that advisory boards
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make the best use of the valuable time industry and faculty members spend on meetings,
etc. IABs that effectively meet their goals are characterised by several common
elements. Important factors are roles and responsibilities, as well as membership
characteristics, communication (frequency and type of discussions that occur) and
structure (types of processes and policies) [22].

The selection of the members of the IAB is a key factor in the effectiveness of the
IAB. An effective IAB should include a broad range of personalities and experiences,
which will bring important balance to the IAB [29]. To ensure the effectiveness of the
IAB, priorities must be clearly specified, and committee members' activities (for
example, the revision of the curriculum, recruitment and staff development) must be
set out in detail.

An effective IAB will not govern but will advise and provide direction.
Characteristics will include a good working environment, working relationships and
communication [13]. An effective IAB will provide clear goals and contribute
strategically. Viswanathan [30] states that several methods can be used to assess the
effectiveness of advisory boards, including the effectiveness of the programme and/or
associated changes, an increase in admissions and /or student employment, as well as
accreditation success. The following list of advantages of IABs was compiled from the
literature:

o Keeping academic programmes in touch with current industry trends [4; 22];

e Align the education programme with industry’s needs, providing feedback on
programme relevance as well as the skills graduates need to work in industry [21];

o Serve as student mentors or evaluators in capstone courses [4; 27];

e Scholarships, resource planning, financial or budgeting factors [4; 22; 30];

e Contributes to networking between students and industry via internships and
employment [4; 21; 22];

¢ Add value by presenting lectures on topics of relevance to students [21; 22];

o Provides confidence that the academic programme produces graduates prepared for
the workforce [21]; and

o Enhancing the credibility of a programme and programme accreditation [22].

4.3 An IAB conceptual model and hypotheses

The factors that have been identified in the literature have been used to create a
hypothesised conceptual model to be empirically evaluated in this study (Fig. 1).

The following hypotheses were formulated for this study (Fig. 1):

e H;: IAB demographics have a positive impact on effective [ABs

e H,: IAB membership has a positive impact on effective [ABs

o Hj;: IAB meetings and documentation have a positive impact on effective [ABs

e H,: IAB member knowledge and responsibilities have a positive impact on effective
IABs
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Hypothesised Conceptual model

Independent factors
| Demographics | H

\‘ Dependant factor
|. Membership \| H,

Effective IABs
| Meetings/Documents )////. |
—_— 4
| Knowledzz & |/

Responsibilities

Fig. 1. Hypothesised Conceptual Model

5 Research findings

The IAB survey was completed by representatives from twenty-one universities in
South Africa, two in Namibia and one each in Zambia, Botswana and Mauritius. A total
of 32 universities were listed in the survey and 27 HOD’s and 9 HOD representatives
from 36 departments at 26 universities in Southern Africa completed the survey. The
respondents included ten departments of Computer Science, eleven Information
Systems / Informatics, four CS&IS departments, four Schools of IT (n=4) and 7 other
related departments. Sixteen responses were received from traditional Research
universities, seven from Comprehensive universities and three from Universities of
Technology.

Fourteen departments or Schools of IT indicated that they had an IAB and four
indicated they included academics from other departments on their IAB (Table 1).
Twelve respondents indicated that IAB members were not compensated for serving on
the IAB, however, two respondents indicated that transportation costs were covered.
Sixteen respondents indicated that they are not familiar with the requirements for IABs
by accreditation bodies. The average size of an IAB is 20 members, which includes
departmental members, alumni and two student representatives (Table 1). The
respondents indicated that they have at least one meeting per annum for a duration of
three hours on average.

Six departments were in the process of establishing an IAB and formalising the
processes. The criteria used to select IAB members included employers of graduates,
individuals in key ICT roles in organisations and industry experts with experience and
interest in CS/IS/IT education. The industry members were mainly representatives from
the IT industry, IT consultants and the local industry. The topics discussed in the
meetings included the current and future curriculum, relevance, employment,
department activities, achievements, industry needs and trends and guest lectures.
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Table 1. Demographics (n=26)

Members Yes No

The department has an [AB 14 (54%) 12 (46%)
The IAB include academics from other HEIs 4 (29%) 10 (71%)
Members are compensated for expenses 2 (14%) 12 (86%)
Members are familiar with IAB requirements specified by 10 (38%) 16 (62%)
accreditation bodies

Number of members Min Max Mean
Number of IAB members on IAB 9 50 20
Number of Departmental members 0 30 11
Number of Alumni 0 19 5
Number of student members 0 5 2
Number of meetings per annum 1 4 1
Number of years having an IAB 4 20 10
Meeting time (hours) 1 6 3

The descriptive statistics for selected measurement items for the four independent
factors (Fig. 1), namely IAB Membership, IAB Meetings and Documentation and IAB
Member Knowledge and Responsibilities, as well as the dependent factor, Effective
IAB are presented in Table 2. The 5-point Likert scale has been reduced by combining
Strongly Disagree/Disagree and Strongly Agree/Agree for presentation purposes. All
the participants agreed that the IAB must be active in the IT industry and include
Alumni.

Table 2. Descriptive statistics for selected items per factor

IF: IAB Membership Disagree Neutral Agree
Members of the IAB must have a relevant IT qualification 2 (8%) 2 (8%) 22 (84%)
Members of the IAB must be aware of the latest industry IT 0 (0%) 0 (0%) 26 (100%)
trends

Members of the IAB must be aware of the latest curriculum 1 (4%) 6 (23%) 19 (73%)
developments

IF: IAB Meetings and Documentation Disagree Neutral Agree
An IAB must have a meeting every semester 9 (35%) 5 (19%) 12 (46%)

IAB documentation and board member names must be 8 (31%) 5 (19%) 13 (50%)
available on the departmental website

IAB members must be aware of their roles and 1 (4%) 2 (8%) 23 (88%)
responsibilities

IF: IAB Member Knowledge and Responsibilities Disagree Neutral Agree
IAB members must be familiar with the programmes offered 1 (4%) 2 (8%) 23 (88%)

in the school/department
IAB members must be informed of the departmental staffing 1 (4%) 4 (15%) 21 (81%)
situation and requirements

IAB members must be aware of the departmental strategy, 0 (0%) 2 (8%) 24 (92%)
mission and vision

DF: Effective IABs Disagree Neutral Agree
IABs assist in maintaining academic standards 2 (8%) 6 (23%) 18 (69%)
IABs assist with quality assurance for a department 4 (15%) 1 (4%) 21 (81%)
IABs can specify industry requirements 1 (4%) 2 (8%) 23 (88%)
IABs can assist with curricullum and programme 0 (0%) 3(12%) 23 (88%)
improvements
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The participants agreed that the agenda must include a discussion of new IT trends
(88%), include an item on new curriculum developments (88%) and include an item on
the employment figures of graduates (65%). The IAB can provide a link to the industry
(100%) and assist with the employability of graduates (96%).

The Cronbach alpha coefficients for the factors ranged between 0.60 (Acceptable)
and 0.81 (Excellent) (Table 3).

Table 3. Cronbach alpha coefficients for the factors (n = 26)

Factors Cronbach's alpha Interpretation
IAB Membership 0.60 Acceptable
IAB Meetings and Documentation 0.81 Excellent
IAB Member Knowledge & Responsibilities 0.73 Good
Effective IABs 0.80 Excellent

Correlations are statistically significant at 0.05 level for n = 26 if |r]| >= .388 and
practically significant if |r| >= .300, thus significant (both statistically and practically)
if |r] >= .388. The correlation coefficient (r) of 0.357 indicates a moderate positive
correlation IAB Membership and IAB Meetings and Documentation. A strong positive
correlation was obtained between IAB Membership (1=0,644), Effective IAB (1=0,647)
and TAB Member Knowledge and Responsibilities and is statistically and practically
significant (Table 4). A weak to moderate positive correlation (r=0,287) was calculated
between IAB Membership and Effective IABs.

Table 4. Pearson Product-Moment Correlations - JAB Membership to Effective IABs (n = 26)

Factors Membership Meetings and Member Effective

Documentation Knowledge and
Responsibilities

TIAB Membership - ,357 ,644 ,287

IAB Meetmgs and 357 ) 591 647

Documentation

IAB Member

Knowledge & ,644 ,591 - 516

Responsibilities

Effective IABs ,287 ,647 ,516 -

One-sample t-Tests were conducted for the four factors and the findings in Table 5
indicate that the independent factor, /4B Membership (p<.0005, Cohen’s d=1.01), was
statistically and practically significant. This indicates that the membership composition
of an IAB is crucial, and careful attention must be given to the membership composition
to have an effective 1AB. IAB Member Knowledge and Responsibilities (p<.001,
Cohen’s d=0.75), was statistically significant as well as having a medium practical
significance. IAB members must know how the department functions and the
importance and practical significance of the qualification to industry.
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Table 5. One-sample t-Tests: Factors (n =26; H1: p # 3.40; d.f. = 25)
Practical

Factor Mean S.D. t p Cohen's d rz;:glca
Membership 3.90 0.50 5.14 <.0005 1.01 Large
Meetings ~—and 569 065 223 035 0.44 Small
Documentation
Member Knowledge 579 55 34 001 0.75 Medium
and Responsibilities
Successful IABs 4.07 0.53 6.41 <.0005 1.26 Large

were accepted as shown in Table 6.

The Chi? analysis indicated no statistically significant relationship between the
demographic variables and the dependent factor, Effective I4ABs. Three hypotheses

Table 6. Hypotheses acceptance

Hypothesis p-value Correlation 1?&3 ;z:,:)t/
Hi: I;Afi éitei:‘riolg;aé)shlcs have a positive impact on 0.88 __ Reject
Ha: Ie?tgci?ferr}t;e}rgsship has a positive impact on <0005 1=0,287 Accept
Hs: IAB 'mefatings and docu.mentation have a 0,035 120,647 Accept

positive impact on effective IABs
Ha: TAB member knowledge and responsibilities 0,001 =0.516 Accept

have a positive impact on effective [ABs

51

Advisory Board Qualitative Survey Results

The study of the CS/IS departmental and schools of IT websites of the 26 public
universities in S.A. indicated that only 10 departments listed on their official websites
that they had an IAB (Table 7).

Table 7. Schools/Departments indicating they have an IAB on their website

University type in S.A. (n=26) Dept/School No in S.A. IAB’s
Research universities (n=12) CS 10 2
IS 7 2
IT 2 2
Comprehensive universities (n=6) CS 6 2
IS 3 1
IT 3 1
Universities of Technology (n=8) 8 0
Private universities 105+
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The HoDs were requested to provide advice on the successful management of an
IAB. The qualitative responses by the HoDs on the three questions regarding the
benefits, challenges and advice regarding IABs were analysed using the LLMs Claude
and ChatGPT. The responses were copied, and the LLMs were requested to
thematically analyse the responses. The findings are presented below, including
infographics provided by ChatGPT. The thematic analysis of the responses regarding
the benefits of having an IAB is presented in the infographic (Fig. 2).

Introducing an ®
Industry Advisory E_!l'l!;I
Board (IAB):

Key Advice for Departments

BENEFITS OF AN IAB
FOR YOUR DEPARTMENT

t |  CURRICULUM RELEVANCE
=A%

Aligns academic programs with industry trends An IAB helps align curriculum with l::;:wy needs,

PP
collaborative research.
O O BRIDGING
(" »/ | ACADEMIA-INDUSTRY GAP Build Genuine Relationships
| 1 | P Provides practical insight for departments Engage committed individuals, not just big names.
| with limited industry exposure

Select the Right Members
Mix alumni, senior professionals, and employers
of your graduates. Ensure diversity in face, gender.

(5) STUDENT OPPORTUNITIES
l]\dj Supports bursaries, internships, job placements

“{- RESEARCH
o TP‘ COLLABORATION
=

Promotes joint research and innovation projects

Strong Leadership
Have a dedicated Chair and a coordinator familiar
with curriculum and outcomes

Effective Meeting Practices
Hold well-prepared, focused meetings more
than once a year. Share agendas and folllow up.

(A
{V x STRATEGIC GUIDANCE

- Offers input on curriculum design, strategy,
— and best practices Flexible Participation
Allow hybrid meetings; reassess member
availability annually

£ NETWORKING

Eg 9 Builds connections with alumni, employers,
and mentors

g VISIBILITY AND ENGAGEMENT
(2R

Facilitates active participation in
department events

Align with Graduate Outcomes
Involve companies that regularly hire your raduates

Make It Core to Your Strategy
"Treat the IAB as an essential part of A

@ curriculum

@ B il ¢l B

Fig. 2. ChatGPT infographic on benefits Fig. 3. ChatGPT infographic on advice

Most of these benefits confirm the results of the literature review. Aspects from this
thematic analysis not previously mentioned include research collaboration (creating
research opportunities) as well as most of the institutional benefits, such as branding
and alumni connections. The thematic analysis by Claude regarding the responses to
the challenges faced by having an IAB is presented below.

Claude Thematic Analysis of Industry Advisory Board Challenges
1. Scheduling and Attendance Difficulties
o Meeting Coordination: Challenging to find times that work for all industry partners
o Logistical Barriers: Transport and distance to meeting venues
o Member Consistency: Difficulty maintaining consistent representation
2. Operational and Administrative Challenges
e Resource Constraints: Limited staff capacity to manage IAB activities and a need for a
dedicated coordinator
® Financial Implications: Operational costs and no compensation for industry members
o Administrative Overhead:
o Time-consuming meeting preparation and careful agenda planning required
o Slow curricula change processes
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3. Membership and Representation
o Recruitment Challenges: Selecting the right stakeholders and ensuring senior-level
participation
4. Motivational and Engagement Challenges
o Time Constraints: Industry members' limited availability
o Motivation: Providing meaningful engagement
o Accreditation-Driven Participation: Some IABs exist only for accreditation
requirements

As can be seen from the results of the thematic analysis regarding the challenges
faced by having an IAB, highlights the fact that the effective management of an IAB is
extremely challenging. This includes a variety of issues touching on scheduling,
attendance, administration, membership, misalignment and engagement. The advice
that follows should be helpful in ensuring that Schools and/or departments get
maximum benefit from their efforts in establishing and managing an IAB.

The thematic analysis of the responses provided regarding advice for managing an
IAB by Claude is presented below and in the ChatGPT infographic (Fig. 3).

Claude: Comprehensive Advice for Establishing Effective IABs
1. Member Selection Strategies
® Decision-makers from innovative and influential organisations that employ graduates
e Alumni with substantial industry experience (10+ years)
® Choose members who are willing to invest time, effort and resources
2. Relationship Building and Engagement Approaches
e Invite industry partners to multiple events throughout the year
o Build long-term, meaningful connections
e Mix of Alumni and external industry representatives
3. Meeting Management
® Prepare carefully for one to two meetings per annum
e Hybrid attendance (physical and virtual options)
4. Practical Recommendations
® Ensure board members understand their advisory role
® Include final-year and honours students in interactions
® Focus on increasing graduate employability
® Validate curriculum through collaborative discussions
® Smaller companies tend to have more stable membership

The results from this thematic analysis of the advice confirm some of the issues
mentioned in the literature review, such as the need for diverse representation, the
importance of preparing for meetings, clear expectations, and the importance of careful
member selection. However, many additional aspects are mentioned that can be highly
beneficial to Schools and/or departments in managing their IABs.
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6 Conclusions and future research

IABs provide guidance from industry experts, ensuring that academic departments’
curriculum and programmes are aligned with industry needs and expectations [31].
There are differences in opinions on issues surrounding IABs, such as the objectives,
membership, benefits, size, leadership, meetings and guidelines [6]. IABs perform an
important role for academic departments in maintaining academic standards and links
to industry. Academic departments are required by accreditation bodies, such as the
ACM to have IABs [1].

The study identified three independent factors that affect the effectiveness of an
IAB, namely /4B membership (p<.0005, 1=0,287), IAB meetings and documentation
(p=0,035, r=0,647) and IAB member knowledge and responsibilities (p=0,001,
r=0,516), all of which had a positive impact on the dependent factor, Effective 14Bs.
The analysis of the HoD responses indicates that the average size of an IAB is 20
members, which usually includes school/departmental members, Alumni and other
industry members, and under-graduate and post-graduate student representatives. The
IAB include senior management members from the IT industry and 3-hour meetings
are held 1-2 times a year. Topics discussed include the curriculum, activities, strategies,
industry trends and graduate employability.

The thematic analysis of the HoD's responses indicated that having an IAB provides
multi-dimensional benefits that extend far beyond simple consultation. The IAB is a
strategic partner that helps educational institutions remain dynamic, relevant and
responsive [33]. The benefits included being able to keep up to date with industry
requirements and IT trends, providing advice on the curriculum and securing
employment for graduates. The analysis further highlighted the main benefits identified
in the literature, namely curriculum relevance, employment connections, knowledge
exchange and industry collaboration [4; 22]. The key takeaway by Claude: “An IAB is
not just a formality but a strategic partnership that requires careful cultivation, clear
communication and mutual commitment”.

The challenges mentioned were the recruitment of relevant members, scheduling
meetings and the time it takes to plan and conduct meetings [4] and helping board
members understand that changes in university systems take longer than they do in the
industry [4]. Additional challenges identified were transportation and attendance,
operational challenges, such as time and financial constraints. Institutions want students
to continue with their post-graduate studies, whilst industry requires new recruits.

The factors identified in this study could assist departments that indicated in the
study that they did not have an IAB and were in the process of establishing an IAB, as
well as other institutions that have not yet started this process. Departments in CS/IS/IT
are encouraged to state on their respective websites that they have an IAB. A good
example of this practice is done by the University of Pretoria, Department of Computer
Science. The department has an official IAB document, entitled 2023 ByLaws
Computer Science, specifying the composition and functions of their IAB and a tab on
their departmental website, ‘Advisory Board’
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(https://www.cs.up.ac.za/advisory board/). Future research will focus on the SACAB
IAB requirements.
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Abstract. This bibliometric analysis explores the intersection of gender and
introductory programming education by analysing existing literature. The review
synthesizes studies from diverse academic sources to understand how gender
dynamics influence learning outcomes, engagement, and participation in
introductory computer programming courses. Key themes identified include
gender inequalities in confidence, access to resources, learning styles, and the
impact of group stereotypes on students' performance. The review also highlights
the effectiveness of various pedagogical strategies to reduce these disparities,
such as inclusive curricula, mentorship programs, and collaborative learning
environments. To highlight gaps and inconsistencies in the current literature,
identifying areas where further research is needed to better understand the nexus
between gender and introductory programming. Despite progress, the literature
reveals ongoing challenges in achieving gender equity in introductory
programming. To provide evidence-based recommendations for educators,
academics, and researchers to address gender-related barriers further and
promote an inclusive learning environment in computer science. Furthermore, on
how to address gender disparities in introductory programming courses, informed
by the systematic review. The relationship between gender and success in
introductory programming courses has been widely discussed, yet existing
literature presents conflicting findings and lacks a comprehensive synthesis. This
research paper seeks to systematically review existing studies to identify patterns,
gaps, and underlying factors that influence gender inequality in introductory
programming, to provide a clearer understanding of how gender impacts student
outcomes in these courses, and to inform future educational interventions.

Keywords: gender, computer programming, pedagogical strategies, nexus,
disparities, Inequality

1 Introduction

In the present world, computer programming is essential for innovation and almost
every element of our daily lives. It is the cornerstone of technology, facilitating the
creation of websites, software programs, and other systems that assist sectors including
healthcare, banking, education, and entertainment. Automating processes, resolving
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challenging issues, and developing intelligent systems like machine learning and
artificial intelligence (Al) require programming abilities [1]. Programming continues
to influence how people collaborate, communicate, and create as the world grows more
digital, making it an essential 21st-century ability [2].

Computer programming has been acknowledged as a vital component of
contemporary education and workforce development, with programming literacy
emerging as an industry-wide competency. However, there has been concern and
research over various genders' participation and success rates in introductory computer
programming classes in recent years. Because programming is frequently perceived as
a field dominated by males, females may experience self-doubt and despair. These
misconceptions may lead to the unfavourable belief that males are inherently better at
programming. Even when females perform well, they may feel less competent or
capable due to stereotypes, undermining their confidence. Despite the goal of gender-
neutral computer science education, several studies indicate that gender differences still
exist, especially in the early stages of programming education [3], [4], [5], [6]. These
differences might impact self-efficacy, career paths, and the technology industry’s
inclusivity.

Negative experiences in these courses can discourage many females from pursuing
computer science further, whereas positive ones can encourage achievement and
continued participation. Therefore, to guide policies, instructional strategies, and
interventions meant to promote fairness, it is crucial to comprehend the gender
dynamics at work in beginning programming education.

This bibliometric analysis consolidates existing research on the relationship between
gender and introductory programming. This analysis aims to determine the main causes
of gender disparities in programming education, evaluate the efficacy of interventions
to address these differences, and investigate how different educational approaches
affect gendered outcomes in programming competency, engagement, and retention.
This analysis will advance knowledge on developing more equitable and inclusive
learning environments in computer science education by synthesizing the available
material.

The rest of the article is structured as follows: Section 2 reviews the literature,
Section 3 discusses the methodology adopted in the study, Section 4 presents and
discusses the results, and Section 5 concludes the article.

2 Literature Review

This section presents an overview of the existing literature on the nexus between gender
and Introductory Computer Programming. The themes of the reviewed papers can be
grouped into the following categories. The first category of papers is related to the
underrepresentation of females in computer programming. The second category of
papers focuses on gender differences in attitudes toward programming, while the third
one deals with gender differences concerning programming aptitude, and the last one
is on gender differences concerning coding techniques. Finally, the theoretical
framework is discussed.

© Copyright: The Authors
Proceedings of the 54th Annual Conference of the Southern African Computer Lecturers' Association (SACLA 2025)
ISBN: 978-1-0370-5208-8



Nexus between Gender and Introductory Computer Programming 67

2.1  Underrepresentation of females in computer programming

According to Wang and Degol [7], the underrepresentation of females in computer
science role models and stereotypes about programmers in the media exacerbate this
issue. Further factors that may affect participation and results in introductory
programming courses are gender disparities in prior exposure to technology, self-
perception of talents, and teaching strategies [5]. McGee [8] highlighted that females
contributed to the creation of the earliest programming languages, impacted the layout
and operation of the first computers, and generated novel concepts that helped mold the
profession into what it is today. Acknowledging the omission and underrepresentation
of female contributions to computing is crucial in challenging the misconceptions that
females lack interest in technology or are incapable of leading in computing [9].
According to Groher et al. [10], the intersection of gender and introductory computer
programming has gathered significant attention in recent years as the technology sector
continues to struggle with persistent gender disparities. The study by Wu and Uttal [11]
showed that females remain underrepresented in computer science fields, particularly
in programming courses at the introductory level. The study by Sofowora [12] showed
that the only demographic characteristic among these demographics and programming
ideas that corresponded with academic achievement was gender, with female students
outperforming male students in one of the beginning programming concepts, output
instructions.

2.2 Underrepresentation of females in computer programming

The importance of a programming mindset has grown in computational thinking and
programming education. However, research on the relationship between students’
attitudes about programming and their computational thinking is still lacking, and the
effects of gender and programming experience are given less consideration. The results
of the independent sample demonstrate significant gender disparities in students’
attitudes toward programming, with boys having higher sentiments than girls [13].
Females are more likely to have unfavourable programming attitudes, which could
hinder their ability to continue developing [13]. The causes of the gender differences in
programming have been identified numerous times. As per Cheryan et al. [14], cultural
and societal norms tend to reveal programming as a domain occupied mainly by males,
discouraging girls and females from pursuing computer science at a young age. Courses
on introductory programming are vital in continuing or mitigating these gender
disparities. Students’ confidence, interest, and sense of belonging in the area are
frequently shaped by their first programming experience [15].

2.3  Gender differences in programming aptitude

Research on gender differences in programming aptitude has revealed persistent
challenges and shifting dynamics. The idea that programming is a male-dominated
discipline has historically been fuelled by prejudgments and social standards, which
have resulted in a gender disparity in both participation and performance. However, a
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recent study challenges the idea of essential gender differences in programming
aptitude, instead highlighting external factors like access to resources, encouragement,
and exemplary [16]. For instance, recent findings by Pirttinen et al. [17] and
Aufschlager et al. [18] suggest that when provided with equal access to high-quality
instruction, mentorship, and a supportive learning environment, both males and females
demonstrate similar aptitude in programming tasks. However, gender biases still
continue in some educational settings and workplaces, indicating the need for continued
efforts to create inclusive learning environments.

2.4  Gender differences in programming aptitude

Interestingly, the study by Papavlasopoulou et al. [19] revealed the differences in the
techniques and practices used during coding and attitudes about those coding activities.
The results show no statistically significant difference between female and male gaze
and learning gain throughout the coding activity. Studies by [20], [21] point to
differences in approaches to debugging, problem-solving, and tool usage between
males and females, often related to confidence levels, familiarity with tools, and
collaboration styles. For instance, males tend to switch debugging strategies more
frequently, while females are often less confident in their debugging abilities despite
comparable or even superior performance in some cases. In code review practices,
females and males tend to leave similar-length comments, though females often lean
towards neutral communication compared to males’ more emotive or opinionated
remarks. Additionally, when working in pairs, mixed-gender teams often exhibit an
imbalance in leadership, while same-gender teams tend to be more democratic in their
collaboration styles.

Females continue to be underrepresented in IT fields and the workforce, which raises
concerns about gender inequality in the field. Moreover, females’ low self-confidence
and limited programming skills might be blamed for their negative attitudes toward
computer science and Information Technology [22].

2.5 Theoretical Framework

This study uses the Social Cognitive Theory (SCT) as the lens to understand the nexus
between gender and introductory computer programming. The SCT was developed by
Bandura in 1986. It emphasizes the role of personal, behavioural, and environmental
factors in shaping learning experiences and career choices [23, 24]. The SCT explains
how gender conceptions are formed from a complex mix of experiences and work with
motivational and self-regulatory systems to regulate gender-related behaviour
throughout life [25]. Integrating SCT into a bibliometric analysis of gender and
introductory programming enables a deeper understanding of the psychological and
environmental factors influencing student outcomes. This approach maps the research
landscape and provides insights that can inform educational policies and interventions
aimed at closing the gender gap in computer programming.
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3 Methodology

In academic research, bibliometric analysis has gained popularity, especially in
information systems (IS), where it evaluates the quality, influence, and authority of
authors, journals, and institutions on a certain topic. This study used bibliometric
analysis to investigate the relationship between gender and beginning programming
education. The study followed three essential elements of a bibliometric analysis:
gathering and analysing data, and visualizing and communicating the results [26].

Data were retrieved, queried, and exported from the Scopus database on September
18,2024, using the following Boolean search string: ("gender" OR "female" OR "male"
OR "non-binary") AND ("introductory programming" OR "Information Technology")
AND ("performance" OR "retention" OR "attitudes" OR "participation"). This process
enabled the collection of titles, keywords, and abstracts from the Scopus database
during the data collection stage.

The study focused on English-language proceedings papers, book chapters, and
articles. An additional analysis was conducted on the articles, and a preliminary dataset
of 193 documents, refined from 2018 to September 2024, was developed, relevant to
this study. The data related to computer programming and gender participation were
then analysed and graphically represented using VOS Viewer and Biblioshiny, an
online Bibliometrix interface. The 193 documents were exported into a Bibtex file,
which was used for the final systematic meta-analyses using the RStudio Biblioshiny
software. Biblioshiny is a web interface of Bibliometrix, an RStudio package used to
conduct bibliometric analysis [27].

4 Results and Discussion

This section presents the results generated from the study. The bibliometric analysis (of
papers between 2018 and 2024) in Fig. 1 includes 193 documents from 128 sources,
with 674 authors contributing. This suggests that while the topic is gaining attention, it
remains underexplored compared to other areas in computer science education.
Collaboration is evident, with an average of 3.63 co-authors per document and 21.76%
international co-authorship. Collaboration is key in addressing complex issues like
gender disparities, as it brings different perspectives and expertise. However, only 14
documents are single-authored. This could be because of the nature of this problem
being addressed, which is gender disparities, a multidisciplinary topic that requires
theoretical and diverse methodological approaches.

The research shows no annual growth rate and an average document age of 3.21.
This stagnation could be due to several reasons, such as topic saturation,
methodological challenges, and shifting trends. For example, studies between 2020 and
2022 were focusing on COVID-19. Furthermore, studies from 2023 to 2025 could focus
on emerging technologies such as artificial intelligence (Al) and the Internet of Things
(IoT). Also, not having an annual growth rate could indicate the need for a renewed
focus and funding to address persistent gender disparities in introductory programming.
The study used 716 keywords, and the average citation per document is 12.13. The
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citation rate suggests that the research is being actively used to inform policy and
practice, though more foundational and highly cited works may be needed. Having 716
keywords could indicate the multifaceted nature of gender disparities in programming
education. Notably, no references are recorded in the dataset. The absence of recorded
references in the dataset is a limitation, as it prevents tracking the intellectual
foundations of the research.

2018:2024 128 0%

International Co-Authorship

Co-Authors per Doc

3.63

21.76 %

Document Average Age Average citations per doc
12-13

Fig. 1. Main information about the data collected

Table 1 presents data on citation trends for articles related to gender and introductory
programming in Information Technology and Computer Science, focusing on
performance, retention, attitudes, or participation.

Table 1. Average Citations Per Year

Year MeanTCperArt N MeanTCperYear CitableYears
2018 29.78 23 4.25 7
2019 13.33 36 222 6
2020 17.84 37 3.57 5
2021 11.40 25 2.85 4
2022 5.21 29 1.74 3
2023 3.50 20 1.75 2
2024 0.43 23 0.43 1

Table 1 shows that the mean number of total citations per article (MeanTCperArt)
declined steadily from 29.78 in 2018 to 0.43 in 2024. This decline is also reflected in
the average citations per year (MeanTCperYear), which dropped from 4.25 in 2018 to
0.43 in 2024. This trend can be attributed to several factors, including the temporal
nature of citations, the evolving focus of research, and the field's maturity. The decline
of citations in recent articles (e.g., 0.43 in 2024) is expected since recent publications
have less time to accumulate citations than those with more time (e.g., 29.78 in 2018).
This aligns well with the idea that citation counts grow over time as other researchers
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discover, read, and reference articles [7]. Old articles with higher citation counts could
mean that foundational studies on gender and introductory programming have already
addressed key themes and structural barriers [14], [28]. New studies tend to build on
the established findings rather than introduce groundbreaking insights, which could
lead to fewer citations for recently published work. The number of articles (N) varies
across years, peaking at 37 in 2020. This peak reached in 2020 (N=37) may reflect a
heightened interest in gender disparities in programming education, possibly due to
increased awareness of diversity and inclusion in STEM fields [3]. However, the
subsequent decline in citations in newer published articles may indicate a shift in
research focus.

It is important to note that a decline in citation metrics in recently published articles
does not necessarily reflect a decline in the importance of the topic but rather a need
for innovative approaches to reinvigorate the field.

Table 2 summarizes research output from twenty countries actively contributing to
the topic of gender in introductory programming in Information Technology and
Computer Science.

Table 2. Country’s Scientific Production

# Country Frequency
1 USA 115
2 CHINA 50
3 SPAIN 23
4 INDIA 20
5 AUSTRALIA 17
6 GERMANY 16
7 UK 15
8 INDONESIA 14
9 SAUDI ARABIA 13
10 IRAN 12
11 FINLAND 8
12 CANADA 7
13 JAPAN 7
14 PHILIPPINES 7
15 SINGAPORE 7
16 MALAYSIA 6
17 MEXICO 6
18 NIGERIA 6
19 SOUTH AFRICA 6
20 TURKEY 6

The results in Table 2 show a ranked list of countries along with their respective
research output frequencies (number of studies/publications) on the nexus between
gender and introductory programming. The results show the volume of studies, key
findings, or trends in research output across different nations. They offer insight into
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global research disparities or focal points regarding gender issues in IT and
programming education. The USA leads with 115 studies, indicating a significant
research focus on gender dynamics in programming education. China follows with 50
studies, while Spain (23 studies), India (20 studies), and Australia (17 studies) also
contribute notably. Other countries, such as Germany, the UK, and Indonesia, have
between 14 and 16 studies reflecting moderate interest. Nations like Saudi Arabia, Iran,
and others contribute fewer studies, with frequencies ranging from 5 to 13. This
distribution highlights the varying levels of global research interest in gender-related
issues within IT and programming education and the need for more inclusive and
geographically diverse research, particularly in regions like Africa, where the Fourth
Industrial Revolution (4IR) and Artificial Intelligence (Al) are gaining momentum. The
USA's dominance in research output (115 studies) aligns with its historical focus on
addressing gender disparities in STEM fields, including computer programming. The
dominance of countries such as the USA, China, and European nations could be
because of the funding and institutional support provided to the researchers.

Research shows that funding improves research output, which means countries that
have good research funding will have better research output compared to those
countries with little or no funding [29]. Funding for research is a challenge in most
African countries, as they depend on developed countries in most cases [30]. Several
studies in the USA have explored aspects such as retention challenges, performance
gaps, and social factors on female participation in programming [4], [28]. Similarly,
China’s significant contribution of 50 studies shows its emphasis on gender equity in
education and technology [7]. Research contributions from countries such as Spain,
India, and Australia highlight the global recognition of gender as a critical factor in
shaping programming education. Countries like Germany, the UK, and Indonesia (14-
16 studies) demonstrate moderate but meaningful engagement with gender issues in
programming education. To promote gender equity in STEM fields, European nations,
in particular, have focused on structural barriers and policy interventions [3]. However,
a lower number of studies in these regions suggests room for improved research
investment and collaboration.

Limited research from Africa and the Middle East highlights a critical gap in the
global research landscape. As UNESCO [31] noted, Africa’s participation in the digital
economy is hindered by a lack of gender-inclusive policies and research in IT
education. There is a need for localized research studies in these regions to address
cultural, social, and structural barriers that disproportionately affect females in
programming education.

Fig. 2 presents a word cloud highlighting the most frequently occurring terms in
related research. The study explored key themes in gender and introductory computer
programming.
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Fig. 2. Main information about the data collected

Fig. 2 highlights a strong focus on gender demographics in the context of introductory
computer programming education. Key terms such as "male," "female," "students," and
"adult" underscore the centrality of gender in this discourse. Terms like "information
technology," "engineering education," and "computer programming" highlight the
methodologies and outcomes explored in this field. The prominence of these terms
suggests that gender disparities in computer programming performance are a significant
area of concern, particularly in the early stages of education.

Words such as "curricula" and "engineering education" point to the structural barriers
that contribute to gender disparities in programming. Male-dominated curricula and
teaching methods often fail to engage female students, creating an environment where
they feel excluded or unsupported [28]. This aligns with the SCT, which highlights how
these structural issues operate through key mechanisms, namely, environmental
influences, self-efficacy, and behavioural modeling. An example would be when
female students encounter male-centric course designs and a lack of female role models
in STEM, they receive fewer opportunities to observe and internalise success in
programming, which undermines their confidence and engagement. Studies show that
females in such environments are more likely to disengage or drop out, perpetuating
the gender gap [23], [32]. Another example could be when the teaching of introductory
programming emphasizes competition and individual achievement, which may alienate
females who prefer application-oriented learning and collaboration approaches [15].
Addressing these structural barriers is critical to creating a more inclusive learning
environment. SCT suggests practical interventions, such as redesigning curricula to
include collaborative projects and real-world applications, showcasing diverse role
models, and fostering peer support networks. The changes can help mitigate the
psychological and structural barriers that discourage females from pursuing
programming, ultimately creating a more inclusive and equitable learning environment.
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Terms like "behavioral research," "human experiment," and "controlled study" point to
experimental and analytical methods employed in this field. The image reflects a
multidisciplinary approach, integrating education, gender studies, and technology.
These approaches have been instrumental in identifying the psychological and social
factors contributing to lower performance among females and developing interventions
to address these issues [7].

The emphasis on "female" and "male" in the word cloud reflects that gender is a
central theme when discussing performance in programming. Rooted in SCT, this
phenomenon reflects how societal stereotypes, such as the bias that males are better
suited for technical or practical fields like programming, discourage female students
from fully participating or believing they can excel in the field [33]. These stereotypes
may create self-fulfilling prophecies as they internalize the belief that they are less
capable, leading to lower participation and performance. These gendered beliefs act as
vicarious influences, discouraging female students from engaging fully in
programming by fostering self-doubt (e.g., “I don’t belong here”) and reducing self-
fulfilling. Over time, such stereotypes create self-fulfilling prophecies: when female
students internalise the narrative that they are less capable, they may avoid challenges,
invest less effort, or disengage altogether, thereby perpetuating lower participation and
performance outcomes. This aligns with SCT’s emphasis on triadic reciprocity, where
personal beliefs (e.g., “I am bad at programming”), environmental cues (e.g., male-
dominated classrooms), and behaviours (e.g., avoiding CS courses) interact cyclically
to reinforce inequality. Research further supports that gendered perceptions of ability,
as predicted by SCT, directly corrode interest and confidence in STEM, particularly in
fields like programming, where stereotypes are entrenched [5].

The word "performance" suggests that gender differences in achievement or
outcomes are a concern. Lower performance among females in programming may be
linked to a combination of psychological factors (e.g., confidence gap), social
influences (e.g., lack of role models), and structural barriers (e.g., male-dominated
curricula) [3], [14], [34]. These findings align closely with SCT, which emphasizes the
interplay between personal beliefs, environmental factors, and behaviour. For example,
the confidence gap in which females express poorer self-efficacy in programming
significantly impacts their performance by reducing persistence and engagement [23].
SCT explains this through the concept of self-efficacy: if individuals lack belief in their
capabilities, they are less likely to succeed. Additionally, a limited number of female
role models in computer programming exacerbates the problem, as SCT posits that
observational learning is critical for motivation. Without visible successful role models,
female students are less likely to envision themselves succeeding in a field where they
see few people like them [34].

Structural barriers, such as male-centric teaching materials or competitive classroom
cultures, further reinforce these disparities by shaping an environment that discourages
participation. SCT underscores how such contextual factors interact with personal
agency to either hinder or promote achievement. Addressing these issues requires
interventions that build self-efficacy (e.g., growth-mindset training), increase
representation (e.g., highlighting diverse role models), and redesign structural supports
(e.g., inclusive curricula), all central tenets of SCT.
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5 Conclusion

This bibliometric analysis systematically examines existing literature to identify
publication trends, research gaps, and key factors influencing gender inequality in
introductory programming. By analysing patterns in scholarly work, the study aims to
provide a clearer understanding of gender-related impacts on student outcomes and to
inform future educational interventions. The study uses primary and subsidiary gender-
related keywords and introductory computer programming to query Scopus. The
analysis used quantitative and qualitative research methods embedded in the RStudio
Bibliometrix tools. To provide equitable opportunities, promote creativity, and develop
technology that meets the many demands of society, gender inequities must be
addressed. Moreover, access to inclusive programming communities that intentionally
foster female participation has been shown to positively impact retention and success.
These communities can help counteract the effects of categorized threats and provide
females with the support necessary to excel in these traditionally male-dominated
spaces. Disparities in introductory programming often translate into gender gaps in the
technology industry. The underrepresentation of females in programming courses
reduces the number of females entering technology careers, perpetuating the gender
gap in the industry. Despite ongoing challenges, efforts to address gender disparities in
introductory computer programming have led to incremental improvements. However,
structural, cultural, and institutional changes are still needed to create an environment
where females feel equally empowered to pursue and excel in programming. Peer
mentoring programs that connect new learners with more experienced students can also
help build confidence and skills. Collaboration with educational institutions and
industry partners to create inclusive hiring practices and workplace environments can
further support females in technology. Data-driven approaches can assist in tracking
the progress of female students in programming courses and identifying areas for
improvement. Frequently gathering and analysing data on participation rates,
outcomes, and barriers can help organizations adapt their strategies to better meet the
needs of underrepresented groups. Future research studies could identify potential
causes of the low participation of researchers on the African continent.

Disclosure of Interests: The authors have no competing interests to declare that are relevant to
the content of this article.
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Abstract. Tertiary education has its own set of obstacles, and the visually im-
paired have a particular set of challenges. Studies categorize these difficulties as
attitudinal, institutional, physical, and environmental. The current gap is that
no body of literature analyses the numerous problems beyond navigational chal-
lenges that visually impaired students confront, which may hinder their ability to
have an independent student life. This review looks at how these difficulties af-
fect the sense of independence among visually impaired students. During August
and September 2023, systematic searches were undertaken utilizing ProQuest,
Scopus and Google Scholar. Peer-reviewed articles published in English between
2010 and 2023 were included for analysis. The sixteen included articles were
subjected to inductive thematic analysis. Key findings revealed that assistive
technologies exist to assist students with visual impairments; however, their
availability to students is dependent on their institution, their policies and strate-
gies. Furthermore, there are differences in the needs of students with complete
blindness and those with low vision that need strategic technological view.
Lastly, students are unaware of the assistance they can receive at the university,
which leads to a lack of self-esteem and mental well-being that affects their aca-
demic well-being. The study contributes to theory by developing a conceptual
framework on challenges hindering independence among visually impaired stu-
dents. The practical contribution is that adopting assistive technology would fos-
ter an inclusive environment for students with visual impairments and allow them
to complete tasks independently. The study contributes to policy by providing
evidence on reducing inequality, which aligns with the sustainable development
goal 8.

Keywords: Assistive Technology, Visual Impairments, Independence, Personal
Autonomy, Tertiary Education.

1 Introduction

“Quality of Life”, as a concept, has several aspects that define it, one of those aspects
being personal autonomy [1, 2]. Marceta and Juth [3] define personal autonomy as
one’s ability to act freely, without social influence. Reindal [4] states that personal au-
tonomy is synonymous with Independence. For this study, personal autonomy (and
therefore quality of life) is defined as one’s ability to be independent and act freely. The
concept of quality of life is meant to assist with attaining sustainable development goal
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(SDG) 8 which focuses on reducing inequality [5]. Education is argued to be among
the pillars that empowers humans and reduced inequality [6] especially for those with
disabilities [7].

Independence, like many concepts, has varied definitions depending on the demo-
graphic being asked [8—10]. It is critical in this context to define independence in terms
of people with impairments [11]. It should be mentioned that visually impaired people
define independence as having control over how and who performs tasks for them [4].
Tahiri [12] also emphasizes that choice is essential for independent living for these in-
dividuals and that independence for them would also imply a life free of institutional
obstacles. Institutional obstacles include an inaccessible setting and, in the context of
this study, restricted access to on-campus amenities and educational information [12].
This concept advances the standard definition, which focuses on the individuals’ ability
to conduct day-to-day tasks [4].

Visual impairment is a prevalent health issue among university students [13]. A per-
son with visual impairment (VI) is either blind or has low vision [14, 15]. According to
the World Health Organisation [16], "low vision" is defined as visual acuity between
20/70 and 20/400, or a visual field of 20 degrees or less. "Blindness" is defined as a
visual acuity of less than 20/400 with the best possible correction, or a visual field of
10 degrees or less [16]. Muhsin et al. [17] claims that an estimated 2.2 billion people
have near, or distant vision impairment and the leading causes are refractive errors and
cataracts. It is estimated that globally only 36% of people with a distance vision im-
pairment due to refractive error and only 17% of people with vision impairment due to
cataracts have received access to an appropriate intervention [16]. Visual impairments
may have negative impacts such as depression and anxiety among young adults [18]
including those enrolled in universities [12].

An inquiry into how technology may improve the sense of independence of people
with visual impairments is not an entirely new topic. Several studies discussing the
ability to improve the quality of life for people with disabilities exist [19, 20]. However,
many scholars often associate improving the issues that people with visual impairments
have with both indoor and outdoor navigation and equate improvements to the overall
quality of life [21]. Although this is not incorrect, navigational issues are not the only
challenges faced by people with visual impairments. In this technological era, “acces-
sibility” translates to more than being able to access buildings but also to the ability to
have access and make use of assistive technology that may make performing certain
tasks and the choice of when to employ assistance easier [15, 22].

In recent times, universities have increasingly adapted technology to deliver learning
materials to their students [10, 23]. Due to this, accessibility to all students is vital to
ensure that all students, including those who have visual impairments, can acquire the
knowledge necessary for their education. Outside the classroom, many other issues
arise that students with visual impairments face that hinder their ability to control how
they can perform daily campus activities [12]. Students with visual impairment need
assistive technologies to navigate the university environment both physically and tech-
nologically.

Cazini and Frasson [24] and Elmannai and Elleithy [25] define assistive technology
(AT) as services and (or) equipment used to assist individuals in performing daily tasks.
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As aresult of recent technological developments, assistive technology has been increas-
ingly used for both personal and educational reasons [15, 22, 26]. AT is used by people
with disabilities to enhance independent living [14]. Assistive technology may range
from being as simple as braille keyboards and having learning material printed in braille
[14, 24] to technology that is more complex such as the use of screen magnifiers and
screen readers [24, 27].

Unlike humans, assistive devices do not process emotions ultimately meaning that
they don’t have prejudice towards people with visual impairments [28]. The need for
improvements in the educational systems such as university libraries, and improve-
ments in web applications have already sparked conversations in academia, with
Galkute et al [29] exploring the different issues that visually impaired students face
while navigating the university’s virtual library. With the ever-advancing technology,
comes changes in the delivery of education [29]. Many universities have extensive vir-
tual library resources that students rely on to get the bulk of their study materials, im-
proving accessibilities for the visually impaired improves their ability to make use of
library resources without being compelled to seek assistance [14, 30].

When it comes to education, individuals with visual impairments face challenges in
accessing educational material, environmental adjustment and social stigma [31, 32],
each being detrimental to the individuals’ learning. Bruce and Parker [31] and Kija and
Mgumba [11] explore the concepts of self-determining skills that “deafblind” individ-
uals may be deprived of due to their disabilities. Literature suggests that students with
visual impairments lack self-determining skills, a component of personal autonomy,
due to difficulties they often face during learning activities and the lack of inclusive
precautions in learning institutions [31, 33]. Literature also suggests that among people
with disabilities, the common consensus is that choice is more important to their inde-
pendence than the ability to physically complete tasks [4, 27].

Despite the request for assistive technologies that provide independence among vis-
ually impaired students, research documents limited progress (or inclusion of the visu-
ally impaired students) at universities [22, 27]. The research gap identified leads to the
question, what challenges do visually impaired students face that may infringe on their
independence at universities?

The study is organized as follows, the next section explains the research methodol-
ogy, followed by the findings section and discussion section. That is followed by the
conclusion section.

2 Research Methodology

This study used the systematic literature review approach to identify, synthesize and
report on publications on the challenges visually impaired students face. Okoli [34]
defines a systematic literature review (SLR) as a process of discovering, analysing, and
synthesising the current body of work generated by researchers, academics, and practi-
tioners that is systematic, explicit and reproducible. SLR provide a snapshot of the field
of study with a focus on the concepts that the research gap identified [34, 35]. The field
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of study for this research is education with key concepts being personal autonomy
(proxy for independence), visual impairment and the use of assistive technology.

Systematic searches were conducted via 3 electronic databases, Google Scholar,
ProQuest and Scopus, during August and September of 2023. These databases were
used as fellow researchers have also entrusted their electronic searches on these,
Mukhiddinov and Kim [36] cite using Scopus for their review into the creation of tactile
graphics for visually impaired students. Muhsin et al [17] used ProQuest in their sys-
tematic literature review to understand substitutive assistive technologies used by peo-
ple with visual impairment. Kerdar et al [22] used Google Scholar to conduct a scoping
review on visual impairment and accessibility of digital technologies. Neither of these
studies focused on higher education visually impaired students. Furthermore, Muhsin
et al [17] search was from 2018 to 2023, Mukhiddinov and Kim [36] search was from
2015 to 2021, and Kerdar et al [22] did not specify the search period. This manuscript
contains studies from 2010 to 2023 which is comprehensive in comparison to prior
publications.

Search items included a combination of the keywords (and synonyms), visual im-
pairment, university students, independence and assistive technology. Searches were
enhanced by keywords noted in the articles yielded from the queries. The databases
were searched with the search strings in titles, keywords, and abstracts as depicted in
Table 1.

Table 1. Databases and search terms used.

Database Query
Google Scholar What is Quality of life
"Personal autonomy " and "visual impairment"
"Quality of life”, “personal autonomy" and "visual impairments"
What challenges do people with visual impairments face
ProQuest "Visually impaired" AND "students" AND "university" AND "in-
dependence"
"visually impaired" AND "students" AND "university" AND "in-
dependence" AND "personal autonomy"
"Visually impaired" AND "students" AND "university" AND
"challenges"
Scopus "Visually impaired" AND "students" AND "university" AND "in-
dependence"
"visually impaired" AND "students" AND "university" AND "in-
dependence" AND "personal autonomy"
"Visually impaired" AND "students" AND "university" AND
"challenges"

The study used PICOS as a guide for the inclusion criteria. PICOS considers the popu-
lation, participant or problem (P) which is the university students living with visual
impairment. Intervention (I) is the use of assistive technologies. The comparison (C) is
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students’ independence pre- and post-intervention. The outcome of interest (O) is stu-
dents’ independence post the use of assistive technologies. The setting or context (S) is
the university (higher education institution).

2.1 Inclusion and exclusion criteria

Meline [37] and Siddaway, Wood and Hedges [38] argue that the most challenging, and
maybe most overlooked, step in conducting a systematic literature review is choosing
which articles are eligible to be included in a systematic review. An eligibility criterion,
which considers both the inclusion and exclusion criteria, needs to be established before
an electronic search is conducted [37, 39]. Although the eligibility criteria may be sub-
ject to change as the systematic review advances through the early stages of the process,
they serve as a guide for the researcher when they conduct electronic searches to find
literature for their review [37]. The eligibility criteria specify which studies will be in-
cluded and which will be excluded from the systematic review.

The inclusion criteria for the study were articles that focused on university students
with visual impairments, assistive technology for people living with disabilities, written
in the English language, peer-reviewed and published between 2010 and 2023. The
language selection was due to authors being fluent in English only and therefore no
translations were included. The exclusion criteria were articles not focused on the re-
search phenomenon, those with abstracts only, considered visual impairment alongside
other disabilities, and articles with a focus on visual impairment but not from the stu-
dent's points of view.

2.2 Bias

When conducting a systematic review, there are a few biases that occur during the re-
view process namely; researcher bias, publication bias and reporting bias [40-42]. To
combat the effects of said bias, it is suggested that a protocol be defined before the
commencement of the review [40] which this research did.

Researcher bias may be a result of the researcher taking an interest in their topic and
thus looking for articles that confirm opinions [42]. Such an SLR will be focused on
articles that are skewed affecting the demand for providing a holistic view of the field.
Besides the use of the research protocol, the researchers ensured articles with negative
results were considered in the filtering of included articles.

The probability of research that has significant statistical value to be published is
very high, which means that papers that do not, may often be left unpublished. This
phenomenon is referred to as publication bias [40]. This is problematic for SLRs as
they rely on published papers. In the process of filtering articles for inclusion, the sta-
tistical findings of a study were not a priority but conformity to inclusion criteria.

Reporting bias occurs when the reviewer does not follow the predefined protocol
[41]. To ensure that reporting bias does not occur, the researcher needs to adhere to the
set protocol. The researcher is therefore guided by the research question which is in-
formed by the research problem.
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2.3  Data extraction

Upon conducting the various searches, thousands of results were yielded. To narrow
down the initial searches, filters were applied, a date range of 2010-2023, English as
the language preference and scholarly journals. After the filters were applied, a total of
1285 articles remained, these were then exported to the citation manager, Zotero. Upon
removing the duplicated articles, 850 articles remained, of these 804 were further ex-
cluded after a screening of their titles, abstracts and keywords. A full-text assessment
of the remaining 46 articles further excluded 30 articles (with reasons) resulting in the
inclusion of 16 articles. Fig. 1 shows the PRISMA flowchart which provides a graphical
illustration of the data extraction process. Reasons for exclusion of articles included
manuscript not written in English, a focus on visual impaired youth and not university
students, a combination of hearing disability and visual impairment, a focus on the state
of libraries and not how they relate to visually impaired students, and a focus on primary
school students.

Records identified through
database searching
(n =1285)

Additional records identified
through other sources
(n=")

l l

Records after duplicates removed
(h= 850)

l

Records screened Records excluded
(n = 850) (n = 804)

l

Full-text articles assessed Full-text articles excluded,
for eligibility with reasons
(n=46) (n =30)

v

Studies included in
qualitative synthesis
(n=16)

[ Included } { Eligibility } [ Screening } [ Identification }

Fig. 1. PRISMA Diagram.

Systematic literature review studies are not focused on the quantity of included articles
but rather on meeting the inclusion criteria and the quality of the articles [38, 43].
Mukhiddinov and Kim [36] used 17 databases and digital libraries with initial searches
having 257 studies but only analyzed 26. Muhsin et al [17] used 13 databases that ini-
tially provided them with 250 studies but only analyzed 18 and added 52 projects (not
peer-reviewed). Kerdar et al [22] did a combination of online (two databases) and man-
ual searches where the initial search found 683 articles but only analyzed 39. The study
didn’t include non-peer-reviewed or manually articled as those would not meet our in-
clusion criteria.
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2.4  Quality appraisal

The study conducted a quality appraisal for the 16 included articles. The quality ap-
praisal (or assessment) is argued to be crucial in an SLR as it assists in the articles
meeting scientific rigor through transparency [43, 44]. The study adopted three criteria
for reviewing articles with each having a rank of 1 as low, 2 as medium and 3 as high.
The criteria were; it addresses the research question, the methodology is clearly ex-
plained (including how data collection and analysis were performed) and the study ex-
plicitly explains its contributions. The contributions the study focused on were to pol-
icy, practice and theory. The three criteria were combined with the ranks to arrive at a
maximum of 9 for each article. An article scoring between 1 and 3 was treated as low
while that scoring between 4 and 6 was treated as medium. Lastly, an article scoring
between 7 and 9 was treated as high. As depicted in Table 2, most of the studies (n=7)
addressed this study research question. Eight studies explained the data collection and
analysis. However, most of the studies (n=11) provided little information about the
contributions, an area that should be given attention. Overall, most of the studies (n=9)
were identified as average in meeting the quality assessment criteria as depicted in Ta-
ble 3.

Table 2. Criteria ranking.

Criteria Low Medium High
The study addresses the research question. 4 5 7
The research methodology explains data collection 5 3 8
and analysis.
The study contributions are clearly explained 11 4 1
Total 16 16 16

2.5 Data analysis

In this review, the data analysis method that was used is thematic analysis by [45]. This
approach is used due to its flexibility [45, 46]. The goal of a thematic analysis is to
identify patterns key to addressing the research question [46].

There are six steps in conducting thematic analysis as identified by Clarke and Braun
[45]. The first step is the researcher would need to familiarize themselves with the data
(the 16 included articles) by reading them and re-reading them. The second step is gen-
erating initial codes. The researchers identified one article, each read it, and created
initial codes. The researchers then met and discussed the codes with a 90% agreement.
The difference was discussed and merged with other initial codes as we identified it
emerged from creating multiple initial codes with the same meaning. The third step was
searching for themes and researchers collated related codes to form an overarching
theme. A theme for “general” was created to house codes that did not belong to a theme.

The fourth step is reviewing themes, and the researchers revised the themes devel-
oped in step three to ensure they had internal homogeneity and external heterogeneity.
In this fourth step, the researchers ensured that the initial codes are aligned to the data
extract followed by aligning to the theme. In this process, some codes that were in the
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general theme found a fitting in the advanced themes developed in step four. The fifth
step is defining and naming themes which the findings section of this manuscript ex-
plains. The identified themes were social factors, accessibility and institutional prepar-
edness. The sixth step is developing a report which this manuscript represents.

Table 3. Included articles and their major findings.

No. Author(s) Quality appraisal
1 [15] 4
2 [14] 6
3 [13] 8
4 [47] 4
5 [48] 5
6 [49] 5
7 [50] 4
8 [51] 6
9 [52] 6
10 [53] 3
11 [54] 9
12 [55] 8
13 [56] 6
14 [36] 8
15 [57] 3
16 [58] 7

3 Findings and Discussions

These 16 included studies employed different research methods such as three reviews
(two of which are systematic literature reviews), three conceptual papers, four qualita-
tive methods and six quantitative methods. Our study collaborates with previous find-
ings by Mukhiddinov and Kim [36] that the quantitative method is the most used in
studies on assistive technologies by students with visual impairment.

Data collection in these studies was mainly using questionnaires (n=6), followed by
interviews (n=4) and one study for each of the following: focus group discussions, ran-
domized controlled trial (RCT), and Delphi. For analysis, three studies used descriptive
statistics, two used thematic analysis, and the following approaches were used once:
inferential statistics, content analysis and inductive analysis. These statistics are not
mutually exclusive as some studies used more than one approach for data collection
and analysis while other studies did not state them.
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The assistive technologies discussed in the 16 articles that visually impaired students
can use include physical, hardware and software. These allow students to choose based
on their preferences and functionality. Examples of the physical are walking sticks,
books with tactile graphics, guiding dogs, sunglasses, visors, audible traffic lights and
high-contrast signals [36, 55]. The hardware includes the use of tablets, mobile phones,
magnifying glasses, braille keyboards, handheld scanners, flatbed scanners, cam scan-
ners, overhead scanners, digital scanner pens, keyboard overlay, hearing devices and
large print keyboards [14, 15, 50, 54].

The software used are speech-to-text (Dragon naturally speaking, Google now,
Voice finger, Alexa, Siri and Via talk), screen readers (Jaws, Dolphin, Windows eyes,
Cobra and NVDA), screen magnifier (ZoomText, video magnifier, MAGic and Readit
Wand), talkback, voiceover, talking calculator and text-to-speech (Supernova, Kur-
zweil, Claro Read and Read and Write Gold) [14, 15, 50, 51]. The assistive technologies
are used by both, partially and totally blind students [48, 50].

For example, students with partial (low) blindness are argued to use screen magnifi-
ers and low-vision glasses while students with total blindness use screen readers [15,
36, 55, 56]. Although technology such as screen readers is widely accepted by the vis-
ually impaired, they bring about a few challenges. For the screen reader program or
more highly technical solutions to work effectively, they require a software ecosystem
that is compatible with it [58].

Visual impairment is prevalent in higher education institutions and this is because
the students are using education as a means to acquire independence [55, 56]. Table 3
presents the included articles, their major findings and quality assessment. The thematic
analysis identified three themes related to challenges that students with visual disabili-
ties face, social, accessibility and institutional preparedness.

3.1  Social challenges

The social challenges include student's lack of awareness about their disabilities and
the assistive technologies they can use at the university to enhance their independence
[49, 52, 54, 57]. Due to the lack of awareness, students are not getting assistance from
the university on their academic and well-being that could provide them with a quality
of life. Lecturers also argued the lack of awareness of facilities in the university they
can access to assist students with visual impairment [47, 55]. Visually impaired students
suffer from a lack of self-esteem and mental wellbeing as they navigate the university
life [49, 52, 56] which in turn affects their independence and academic performance
[13]. Visually impaired students also argue there is a stigma which affects their inde-
pendence as peers deem them to need help without allowing them to have the choice of
the type of assistance to receive [14, 51].

Despite these challenges, some students with visual impairment have argued that
lecturers are helpful to them as they provide them with additional days to complete
assignments [48]. These students have positive relations with their lecturers who give
them feedback on their work and consider their circumstances [48]. Unfortunately,
some students have not received this generosity as their academic performances have
been affected due to missing deadlines because of converting the work to the required
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format [54]. In a study by Bacalla et al [59] they collaborate with this study findings by
arguing that lecturers in state universities in the Philippines are lenient with students
and provide flexible deadlines. They also found students to have low self-esteem and
lack awareness.

3.2 Accessibility challenges

Accessibility challenges have multiple facets that include physical and virtual re-
sources. The physical accessibility challenges include walkways, toilets, playgrounds,
classrooms and building designs in universities where students receive assistance in
navigating campus [ 14, 47]. The use of walking sticks is argued as an assistive technol-
ogy that aid students' movement on campus [57]. Vasquez et al [47] argue students with
visual disabilities should be included in the development of physical spaces in univer-
sities as that will foster inclusivity in the classroom and a sense of belonging in the
campus community.

Assistive technologies in virtual resources include the use of alternative labels, sub-
titles, methods and different media to enhance visually impaired students' learning [29,
48]. The challenges include the use of different text and background colors, lack of
identification of error messages, the need for providing alternative labels for graphs,
tables, frames and forms, the ability to skip sections and using the keyboard for navi-
gation [29, 33, 36, 47, 58]. For example, in the courses students undertake, they may
be required to submit online written assignments, something that is a challenge for vis-
ually impaired students. The use of podcasts is suggested as an assistive technology to
curb the challenge as students can listen to the discussion and provide responses [48].

The study findings are collaborated by Diasse and Kawai [32] who argue that visu-
ally impaired students should be included in decision-making about their environments
leading to classrooms that have no physical obstacles. In their study in Senegal, they
observed that the classroom environment did not have physical clutter. However, the
researchers noticed that the classroom accommodated many students (one of them sur-
passing 60 students) which created another challenge in that teachers couldn’t conduct
group work and it affected students' mobility [32].

The virtual resources findings are collaborated by Kerdar et al [22] in their scoping
review where they argue the use of alternative text is important for people with visual
impairments. The authors argued websites should conform to Web Content Accessibil-
ity Guidelines (WCAG) including having alternative text as a requirement for assistive
technology. They provide a case of online shopping that is a challenge for blind users
as it includes limited information for them to make an informed choice therefore re-
stricting their independence. Instead, the participants mentioned reading review com-
ments to aid them in understanding important information about the product such as
color [22].

3.3 Institutional preparedness

The lack of institutional preparedness creates challenges such as compatibility, Internet
access and use, attitude, architectural structures, transportation, educational content,
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pedagogy, and technological equipment. Even with the introduction of some assistive
technologies such as Tablets, challenges like the lack of connectivity still arise in insti-
tutions where they lack the adequate information infrastructure to complement the use
of these technologies [51]. The university software ecosystem is not aligned with soft-
ware that visually impaired students adopt leading to connectivity challenges [49]. To
address the challenge, Bilyalova et al [50] argues for developing a computer specific
for visually impaired students that will allow them to access the Internet and the ser-
vices they require.

The software ecosystem challenge includes the university websites (specifically the
home page) that students use to access the learning management systems (LMSs) [58]
leading to students facing difficulties in accessing study materials. The web page chal-
lenge is cascading in that despite visually impaired students having access to the Inter-
net, their use is restricted as web pages are not organized in a usable way [54] thus
requiring assistance from library personnel which limits their independence. Carrim
and Bekker [53] and Llorca et al [56] argue that if the web pages are well organized
and include alternative text, the Internet is a good tool for research and finding infor-
mation.

Carrim and Bekker [53] argue that education assists with reducing discriminatory
attitudes and that teachers may hold negative attitudes due to a lack of support in ad-
vancing their knowledge and skills beyond the traditional pedagogy. Ahmed and
Naveed [54] support the claim and argue that attitudes are neglected when considering
the blind community. The attitude is a result of having architectural barriers such as
accessible classrooms, signages and ramps for visually impaired students [14, 47, 54].
da Silva and Pimentel [55] argue that universities should provide architectural infra-
structure that is accessible and usable by visually impaired students. The authors pro-
vided evidence of the library being the main area on campus where assistive technolo-
gies such as ramps, adapted restrooms and signs in Braille are found.

Visually impaired students argue that with the use of assistive technologies, they can
navigate with ease. However, they argue transportation, educational and technological
equipment will need to be updated to meet their needs in universities [36, 47, 49, 50,
55, 57]. Bilyalova et al [50] provides the example of computer tiflotechnologies as cru-
cial for visually impaired students. Policies, norms and syllabi are required to be cur-
rent, engaging and inclusive with access provided to assistive technology for both, par-
tial and totally blind students [47].

Incompatibility of devices (such as tablets) to assistive technologies is a serious chal-
lenge as it restricts achieving the intended use of the device [22]. In their scoping review
of digital technologies for people with visual impairments Kerdar et al [22] argues that
incompatibility includes the challenge with text input, a lack of following WCAG and
the need for alternative text. They argue that when compatibility is well performed, web
pages can operate smoothly with voiceover from smartphones and being JAWS
friendly.

The study aligns to Andre et al [2] that argues attitude from the people surrounding
those in need of using assistive technology is important. In their scoping review on
nursing homes (the institution) they identified that the use of assistive technology is not
only important to those in nursing homes but also their care and non-care staff (much
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like lecturers). Attitude is also important among teachers as argued by Sukati [60] in
the study on access to basic education. The author argues that the shortage of teachers
with specialized skills has a severe impact on students’ ability to prosper academically.

The study contributes to theory by developing a conceptual framework as depicted
in Fig. 2 with the concepts being intertwined. The social challenges affect accessibility
challenges and are in turn affected. The lack of institutional preparedness impacts on
the other two challenges which creates a cascading effect to visually impaired students
not acquiring the needed independence and ability to choose when to receive assistance
with the use of assistive technologies. This framework assists to understand the com-
plexity of independence among visually impaired students in higher education institu-
tions and may be used as a guide in understanding their environment. Since independ-
ence (and personal autonomy) is important among visually impaired students, solutions
should emanate from them and not be imposed on them.

Institutional
preparednes

Accessibility
challenges

Fig. 2. Challenges in assistive technology for visually impaired students.

4 Conclusion

Students living with visual impaired require independence in decision making includ-
ing the assistive technologies to use for learning at universities. Despite this long-stand-
ing request, visually impaired students are still facing challenges that affect their quality
of life. The study adopted the use of systematic literature review and collated 16 articles
(that met the inclusion criteria) from ProQuest, Scopus and Google Scholar.

The accessibility challenges and the lack of preparedness of institutions for visually
impaired students coupled with the lack of awareness of said students of the assistance
they require has often left many students battling the challenges of university without
the available tools to assist them. Students from different walks of life may have dif-
ferent experiences when it comes to the preparedness of their institutions to accommo-
date their needs, and this may be due to compatibility, attitude and pedagogical issues.
However, in the instances where assistive technology is available, its use has fostered
independence for visually impaired students. Independence does not take away the fact
that they still depend on others but are now acquiring assistance at their discretion.
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The study contributes to theory by developing a conceptual framework for the chal-
lenges that visually impaired students face with assistive technology. The study con-
tributes to policy by providing evidence of articles discussing visual impairment among
university students as a disability that requires reduction as stipulated in the sustainable
development goal 8. Lastly, the study contributes to the body of knowledge on visual
impairment, the use of assistive technology and education.

One of the limitations of the study was the restriction of publication to those between
2010 and 2023 as prior publications could have provided evidence of other assistive
technologies that university students have used. However, the assistive technologies in
question could have been outdated which would have affected the quality of the SLR.
The other limitation was the use of the English language. Future research may explore
further the challenges faced by visually impaired students outside their learning setting.
Universities are not mainly focused on conventional learning but also offer students
room to be accustomed to new things, socially and culturally and further study needs
to be done to see how assistive technology can assist visually impaired students when
navigating through these new experiences.
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Abstract. This paper reports on the usage and integration of generative artificial
intelligence at a South African university. The study explored the relationship
between students, academics, support staff, and artificial intelligence tools using
an actor-network theory perspective. Thematic data analysis was used to code the
insights and findings from the interview data based on the theoretical perspective.
The study found that there were strong networks between students, academics,
support staff, generative artificial intelligence tools, Turnitin, and academic
policies. Future research needs to explore these networks in a broader context.

Keywords: Actor-Network Theory, Artificial Intelligence, Generative Al,
Plagiarism, South African University

1 Introduction

Generative artificial intelligence (GenAl) has rapidly evolved into a sophisticated
technology, enabling the generation of new data in the form of text, image, audio
recordings or videos, based on training data given [1,2]. ChatGPT emerged on 30
November 2022 [3], with its adoption becoming widespread globally with a market
capitalisation of 1,75 billion US dollars in 2022 [4]. Aside from ChatGPT, other
examples of Al chatbots are Anthropic, Bard, BingChat, and Claude Al, which are
utilised for natural language processing tasks [5]. In addition, there are also GenAl
tools, such as Google Translate and DeepL, for language translation [2]. Lastly, there
are GenAl tools, such as Copilot, used to assist in writing code [6, 7]. Moreover, there
are also generative Al (GenAl) tools designed to generate images, such as Dall-E,
Midjourney and Stable Diffusion [8, 5].

Students, lecturers, and researchers alike have taken an interest in adopting GenAl
[5, 9]. Twenty per cent of American students claim to have used ChatGPT in their
academic work [10]. In the United Kingdom, nearly half of the students at Cambridge
University reported utilising ChatGPT in their studies [10]. Despite the potential
benefits of GenAl in fostering innovation, creativity, and accelerating research and
ideation processes, there are significant problems related to authenticity, academic
integrity, and homogenisation of ideas [11-13]. Issues arise as students employ GenAl
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tools to complete their assessments and assignments and submit them as original work
[9]. This becomes highly prevalent in the context of universities, which urgently need
to adapt and balance the advantages of GenAl as an educational tool against the
potential risk of its misuse [13].

This empirical study investigated the usage and drawbacks of GenAl among
students, academics, and support staff at a South African university, as well as the
influence of related academic policies. The question that this research explored was:

How are students and academics using GenAl tools in their academic work at
university; which Al tools are they using; which policies are in place; and how do
these influence the teaching and learning environment?

The rest of the paper follows with a literature review of the possible use cases of
GenAl, along with its drawbacks and limitations in higher education settings, followed
by an explanation of how Actor Network Theory will guide the analysis, followed by
the methodology employed; thereafter, findings are presented and discussed.

2 Literature Review

The literature review employed a concept-centric matrix approach to derive central
concepts from selected literature [14]. Google Search’s advanced search settings were
utilised to focus the search results on the specific theme of “generative AI” in
conjunction with the related concepts and themes that emerged from this review. The
search parameters were set to retrieve peer-reviewed articles that were published
between 2021 and 2024.

2.1  Generative AI Concepts

Generative Al (GenAl) encompasses a collection of machine learning algorithms that
are designed to create new data samples that emulate existing training datasets,
primarily deep neural networks that generate new data instances as text, images, and
audio recordings through learning patterns in training data provided to the model [7,8].
Common GenAl model architectures include transformer-based language models, such
as ChatGPT, which utilises deep neural networks that are trained on vast datasets to
produce humanlike text outputs, word by word, based on the previous context [9]. This
gives GenAl the capability of writing compelling essays, programming in numerous
languages, and acing standardised tests across domains [5].

2.2 Usage in University Settings

GenAl is used in various aspects in higher education settings, such as for personalised
learning, as a coding tool, a writing tool, during research, and can be used to detect
possible academic dishonesty and plagiarism. In the next paragraph, a brief overview
of these usages is given, and GenAl policies within academic institutions are
considered.
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Personalised Learning. ChatGPT can act as a personalised tutor, providing feedback
based on individual student needs and learning progress, thus creating an interactive
and adaptive learning experience [3]. It addresses the unique needs of a student,
enhancing and enriching their educational journeys [3, 8]. The tools can assist with
language translation, especially as an aid to students learning English as a second
language [3]. Moreover, students indicated that the tools offer a feedback mechanism
allowing follow-up questions, gaining further assistance, unlike traditional learning
tools such as internet resources and YouTube videos [3].

Use as a Coding Tool. ChatGPT’s multi-language programming capabilities have
become a tool used by students for writing code [5, 7]. Similarly, Copilot was designed
by Microsoft to assist software developers [7]. The Copilot GPT-3 Codex model can
translate natural language into programming code [15]. Students can use the OpenAl
Playground tool with the Codex model to generate code snippets based on their prompts
related to their work [15]. Many students expressed it to be an “effective tool” that
could promote creativity, acting as a useful starting point on which to build [15]. Such
Al tools can aid novice programmers by lowering barriers and affording them a basis
from which to start building their software [15]. The literature, however, also highlights
the risk of propagating coding errors of GenAl tools if the generated code is to be
trusted blindly [15].

Use as a Writing Tool. Chat-GPT can also be used to help students provide answers
to theory-based questions for courses that require communication, business writing, and
composition [16]. It is an ideal ideation and template-generation tool for application-
based assignments, such as case studies, business correspondence, and essays, acting
as a preliminary step for students before they write their own work [16]. Furthermore,
these tools can be employed for brainstorming, assessing ideas and making further
considerations, especially for English-speaking students [6,16]. However, the
drawback to this is that students can abuse the tools and submit Al-generated work as
their own [5].

Use in Research. Researchers perceive GenAl tools, specifically ChatGPT, as a useful
aid in their research process, and reduced time spent on certain tasks [17]. GenAl tools
were deemed useful in writing composition, synthesising and summarising large textual
datasets, aiding researchers in data analysis, thus improving research efficiency and
publication productivity [8,17]. Students expressed similar attitudes towards GenAl
enhancing research productivity, noting how the tools facilitate collaboration and
reduce analysis time [17]. Key limitations of the tools are that it cannot replace our
critical thinking and can output factual inaccuracies, as well as issues relating to
potential biases in models and content originality [11]. Moreover, Ngwenyama and
Rowe [11] also emphasise the challenges regarding using GenAl tools for literature
reviews and how it puts epistemic values at risk.
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Academic Dishonesty and Plagiarism Detection. The use of GenAl tools by students
in academic settings has raised concerns regarding academic dishonesty, which
involves students submitting Al-generated responses as their own work [5,9,10,16]. To
promote academic integrity and deter academic dishonesty, similarity checking
software, such as iThenticate and Turnitin, alongside AI detection tools such as
GPTZero, ZeroGPT, and Winston.Al are employed to “check” students” work for
plagiarism or Al-generated content. However, many scholars question the accuracy of
these tools and claims made by their providers, due to instances in which students have
submitted Al-generated essays and assignments (without any contribution or
knowledge application of their own) and those going undetected [9,10]. Moreover,
there are often students graded highly, based on normal rubrics that do not account for
GenAl use [16]. Furthermore, ChatGPT’s human-like text generation capabilities make
it difficult for assessors to distinguish between Al-generated and student-produced
work [16,17].

Perceptions on the Use of GenAl. Students’ knowledge of GenAl as well as their
frequency of use appears to vary across science, technology, engineering and
mathematics (STEM) and non-STEM majors, with a positive correlation between
having a sound understanding of GenAl and the frequency of its use [8]. Despite
students’ concern about over-reliance, privacy issues, ethical implications, and
potential negative impacts on their personal development, career prospects, and societal
values, they maintained a positive attitude toward GenAl for its applications in writing,
brainstorming, research support, multimedia creation, and personalised learning [8].
Lecturers were found to use ChatGPT and other large language models more frequently
than students in their work, research, and personal lives, while adapting assessments to
consider GenAl tools. Faruk et al. found a positive correlation between the perceived
usefulness of ChatGPT and student usage, with perceived humanness and novelty of
responses as influencing factors. Different personality traits may also influence
ChatGPT usage, as neuroticism negatively affected its usage, while a higher level of
openness amongst individuals had a positive correlation with the usage of ChatGPT
[18].

Generative Al Policies. There are many grey areas concerning the use of GenAl in
assessments without well-established guidelines [19]. Both students and lecturers
highlighted the need for institutional policies to guide GenAl use in academic settings
[5, 8, 17]. While there appears to be an acceptance of GenAl usage and policies in place
to guide lecturers [10], significant challenges remain. An analysis of existing policies
indicates deep-seated assumptions where GenAl is viewed as an external assistant,
separate from students’ efforts [19]. Moreover, students expressed confusion regarding
unclear GenAl policies that fail to keep pace with recent advancements, while others
noted a lack of regulation and stressed a need for clearer policies [8,17]. For example,
when a student has produced work using their own knowledge but employed GenAl to
improve writing style and grammar, this raises the dilemma of whether this constitutes
academic misconduct [19]. Scholars also expressed concerns about potential detriments

© Copyright: The Authors
Proceedings of the 54th Annual Conference of the Southern African Computer Lecturers' Association (SACLA 2025)
ISBN: 978-1-0370-5208-8



98 Mikayla S. Seedat and Walter F. Uys

to education quality and critical thinking due to GenAl overreliance [10]. These
challenges associated with the rapid emergence of GenAl have pressured universities
to “bring order” to their assessment landscape via policymaking [19]. However, the
existing institutional guidelines primarily focus on assessment design, academic
integrity, and student communication [10]. Common recommendations include
advising instructors to evaluate assessments with GenAl beforehand to assess
effectiveness and enable controlled student GenAl usage [10]. However, these policies
tend to remain silent on “original work” concepts. In a landscape where human and Al
contributions are becoming blurred, this necessitates more nuanced conceptualisations
of originality in policies that push beyond narrow surveillance approaches toward
inclusive frameworks to foster learning instead [19].

2.3 GenAl Limitations

The limitations of GenAl such as hallucinations, model bias, a lack of interpretability and
understandability are discussed below.

Al Hallucinations. Large language models (LLMs) can produce factually inaccurate
outputs due to their probabilistic nature, a phenomenon known as “hallucination” [7].
Moreover, Moorhouse et al. [11] also raise the concern of factual inaccuracies when
using GenAl as a tool in academic research, as models are limited by their training data
and cannot provide information beyond what they were trained on [11,16, 20]. For
example, with ChatGPT, the model’s training data only extends to 2021, limiting its
ability to discuss events beyond that date range.[21].

Model Bias. Bias refers to the systematic and unfair treatment of individuals and groups
in accordance with their personal characteristics, such as race, gender, sexuality, or
religion [22]. Models can exhibit systematic unfair treatment based on the above-
mentioned characteristics when trained on biased data that reflects historical prejudices
[20,22,23]. This can amplify existing human biases, perpetuate stereotypes, or produce
toxic language across various dimensions, including gender, sexual orientation, and
political or religious beliefs [7,16].

Lack of Interpretability and Understandability. GenAl tools are typically seen as
black boxes, with decision-making processes that are not easily interpretable by humans
[24,25]. Their technically complex architecture makes it difficult to understand how
outputs are generated, creating a lack of transparency [9,20,23,25]. This opacity is
particularly problematic in academic settings and creates a lack of transparency, where
students need to ensure their work is based on accurate information [9].
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3 Theoretical Perspective

To guide our research, we chose to use actor-network theory (ANT) as a theoretical
lens. ANT is a perspective that defines actors as human and non-human entities, which
in some way influences or disturbs the activity of a techno-social system [26]. Kaartemo
and Helkkula define ANT as a theory that aims to describe actors and their interplay
around a specific technology [27]. The socio-technical approach of ANT is widely used
in information systems research [28]. This theory focuses on explaining micro-level
processes through which networks of aligned interests are created, maintained or fail to
be established [28].

Central to ANT is the concept of emerging networks of relationships between actors,
both human (in this case students and lecturers) and non-human (here as GenAl tools,
policies, Turnltln), examining how they interact within the network, with the
framework highlighting the tensions and competing interests of social and technical
components that can benefit or detriment the network value creation [29]. In addition,
this integration of social and technical aspects to explain the emergence of stable
networks is well suited for analysing autonomously acting Al systems, which can be
considered actors or agents [29].

According to ANT, humans and machines are interconnected nodes within social
networks [2]. For example, a door can be considered an “agent” exerting influence in a
network [30]. Likewise, the capabilities of GenAl seem to overlap with those of human
agency. The status of GenAl in actor networks can, therefore, be represented in relation
to human agency, where the tools may expand, clone or hinder human capabilities
within a university context, hence creating the complex relationships that can shape
educational practices and outcomes [2].

4 Methods and Materials

Given the employment of actor-network theory (ANT) for the research, a qualitative
data collection method was utilised. The chosen setting was a South African university
that already has GenAl policies in place for students, academics and researchers.
Thirteen participants were interviewed. A convenience sampling strategy was
employed; participants were selected based on their familiarity with GenAl tools and
availability. Eight were students, six of whom were Information Systems students (two
third years and four honours students), one a second-year medical student and one a
final-year Law student. Four academics also participated. Three were from the
Department of Information Systems and one from the School of Economics.
Additionally, there was also one teaching and learning support specialist (LTSS).

The data collection method was semi-structured interviews [31]. The interview guide
was formulated based on the ANT perspective, i.e. to gain insight into the perceptions
and behaviours surrounding a technological phenomenon, which in this case was
GenAl within a university setting. The five-step framework, as proposed by Kallio et
al. [31], was adopted for developing the interview guide. Interview recordings were
transcribed, cleaned, and loaded into NVivo for further analysis [32]. The analysis was

© Copyright: The Authors
Proceedings of the 54th Annual Conference of the Southern African Computer Lecturers' Association (SACLA 2025)
ISBN: 978-1-0370-5208-8



100 Mikayla S. Seedat and Walter F. Uys

performed according to the six thematic analysis steps of Braun and Clarke [33]. Ethics
approval was obtained from the universities Ethics Committee. Prior permission to
interview staff and students was obtained from the human resources (HR) director and
director of student affairs, respectively. Along with voluntary informed consent, the
participants' personal information was kept confidential throughout the research
process. Ethics approvals, permission letters and consent forms are available from the
corresponding author on request.

5 Results

Six key relationships between the actors were identified and served as the structure for
the broader thematic coding. These relationships are discussed in detail below.

5.1 Students and Generative Al Tools

The students in the sample used a range of tools for their studies, with a third of students
(Students 1,2,5,6) using ChatGPT, along with other tools, such as Grammarly (Student
2), ChatPDF (Student 2), Claude Al (Student 6), Dall-E (Student 6), Gemini (Students
1,5,6,8) and Perplexity (Student 6). Students employed these tools for an expansive
range of tasks, from writing (Student 3) to coding (Students 1, 3, 4, 5, 6), to ideating
(Students 2,5,6,7), to creating the basic structure of assignments and essays (Students
3,5,6). They were observed to use GenAl as personalised learning tools in terms of
teaching themselves concepts and testing their own understanding of academic content
(Student 7). All quotations are reproduced verbatim and unedited.

OK ... for my systems development project, I used the... Dall-E tool to create ...
images for my project. ... I used it to create the little man on my poster so I could
match our project colours to what he was wearing. And yeah, I've been using that
also for creative purposes, kind of just to see my ideas in action, to see what it would
look like. (Student 6)

Students provided various uses for the tools in their work. This ranged from acting
as an ideating tool or starting point in their academic work (Students 2 and 7), to being
used in research (Students 3,4) and coding (Students 3,6). Students also used GenAl
tools for various writing tasks, such as structuring essays (Students 1,2), generating
answer guides or templates for answers (Students 3,7), enhancing their own writing and
vocabulary using Grammarly (Students 2), and writing speeches (Student 3). In
addition, students used the tools for their own understanding and learning, almost as a
study tool. This was seen in the way students used the tools to simplify explanations of
their work, to clarify their understanding of assignment instructions (Student 7), and to
check and test their understanding of work (Student 7). In addition, they used the tools
to speed up their summarisation tasks.

Two students (Students 3,7) also mentioned how they used the tools to generate
mock assessments and memos from which to learn. Student 3 said, “Oh, like asking it
exam questions, giving it papers and asking it exam questions with possible exam
questions and answers.” Students 1 and 5 also touched on how the tool could act as a

© Copyright: The Authors
Proceedings of the 54th Annual Conference of the Southern African Computer Lecturers' Association (SACLA 2025)
ISBN: 978-1-0370-5208-8



The Networks between Students, Academics, and Generative Al at a University 101

personal tutor that they use to teach themselves concepts when they may be
uncomfortable asking tutors or struggling to grapple with content.

1t’s almost like Al tutors. That is what I used last semester for stats 1000 so there
was a topic that I was struggling with. I would literally just go to this feature called
the Stats Tutor of something like that, and then it would teach me, like all the theory
and concepts that I needed to know. And it did a good job. Better than the White
Board sessions and all that stuff- (Student 5)

Students majoring in information systems used the tools often in their coding
projects and assignments. This ranged from generating explanations of code (Student
6), debugging, and generating code snippets (Student 3) to using or creating guides on
code implementations of which they were unsure (Student 3).

[T]hen for code — because I'm not the greatest coder on the Earth — I'm normally

Jjust giving it a prompt and say this is what I'm struggling with. This is what I need.

This is the code that I have so far. Please can you give me like this answer that meets

the question and then I normally troubleshoot it. I take the code out of GPT, put it in

my code. (Student 3)

Students thus employ these AI tools for an expansive range of tasks, from
personalised learning tools, academic writing, coding and ideating to creating the basic
structure of assignments and essays.

5.2 Students and Turnitin

A clear relationship was found between students and Turnitin (14 references). Students
2, 4 and 6 discussed anxieties around being flagged for high Al scores, with Student 6
noting their nerve-wracking experience with a high Al score in research submissions.
Students expressed concerns about false flagging and scepticism about Al detection
tools due to false positives.

There were texts that I had phrased using tools that I summarised with AL But there
were also things that were picked up that were not like Al at all, like there were
things ... from my own ideas where it was picked up and just flagged along with
everything else. And you do kind of feel like criminalised, and you feel that like the
person is marking your work thinks that you haven'’t done this yourself and then you
just used an Al model to generate everything for you. (Student 6)

This raised scepticism amongst Students 2 and 4 regarding the accuracy of Turnitin
as an Al detection tool.
1 think that it’s definitely a flaw and they shouldn 't really use a tool as the sole means

of checking if a student used Al or not. There should be some additional means of
checking if a student had used Al (Student 4)

One of the students (Student 3) mentioned using GenAl tools that specialise in
“humanising” the outputs that they got from another tool so that Al usage cannot be
detected by Turnitin.

Oh, so then I have the answer given by GPT and then I'll put it in undetectable Al
And then it will try to make it undetectable and then I would put it in simpler, more
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humanised language. And then I'll try and change that into my type of style of
English writing. (Student 3)

According to university guidelines and policies, this practice could be considered
plagiarism. The questionable detection accuracy and students' use of humanising
software meant the threat of penalty created anxieties rather than educating ethical tool
use.

5.3 Academics and Generative Al Tools

The range of tools utilised by academics was more limited than students. These
academics used Al tools experimentally in research and teaching, while Academic 1
remained wary, cautiously exploring with machine learning libraries, Grammarly,
Copilot, and ChatGPT.

I've also used some of the free tools ... GPT and those kinds of tools, but I try not to
link it to my account ... either my cell phone number or my email or anything like
that. (Academic 1)

Academics 2 and 4 had employed the tools in some aspects of their research, with
Lecturer 2 using the tool as support for introduction writing and source synthesis.
Lecturer 4 had used ChatGPT to assist them in creating a network diagram for their
research. Academics 2, 3 and 4 had all grappled with the tools in a teaching
environment, while Lecturer 4 (together with a colleague) used the tools to create the
contexts for their test questions.

Tused ChatGPT in last year’s ... lecture when I did state machine diagrams because
1 felt that students struggle with state machine diagrams and I found it very helpful.
It was quite interactive. It was a fun exercise to use it like a case to let them solve
scenarios and come up with diagrams. We actually used the different versions of
ChatGPT. It was fun. (Academic 3)

Moreover, Academic 2 had a session with students in which they taught the concept
of prompt engineering and its importance. Lastly, Academic 3 used ChatGPT in a
lesson on creating state machine diagrams, showing students how ChatGPT can be
used, and the quality of the outputs using the different versions of ChatGPT. Academic
4 was concerned that academics would be left behind if they did not embrace these
tools.

If the real world now looks like what I'm doing in the research world where I'm
using ChatGPT, I'm using generative Al to help me do work, why should our
assessments not or shouldn’t our assessment be mirroring what we want people to
be doing in the real world? (Academic 4)

The academics who were interviewed seemed to have embraced some of the tools
whilst also having concerns regarding over-reliance by the students, with one academic
noting that it may be time to change traditional assessment styles.

© Copyright: The Authors
Proceedings of the 54th Annual Conference of the Southern African Computer Lecturers' Association (SACLA 2025)
ISBN: 978-1-0370-5208-8



The Networks between Students, Academics, and Generative Al at a University 103

5.4 Academics and Students

In a higher education setting, Gen Al tools have established new dynamics in academic-
student relationships. While academics face new concerns, they are also trying to guide
students through various (new) Al practices. All four academics' main concern was
potential student abuse of GenAl tools for plagiarism and their lack of critical thinking
in evaluating tool responses.

1 think what I worry about is that the generative Al tool has led to a distancing of
staff and students in many ways, because I think a lot of staff probably see generative
Al as just another way of cheating, and so a lot of staff probably say this is another
tool in the students’ handbook to try and pull the wool over my eyes. (Academic 4)

1 think it’s more along the lines of us not accepting, but the tools being used to just
regurgitate information without critically analysing and synthesising it. I think that’s
the biggest risk for me. (Academic 2)

Moreover, their concerns on how GenAl tools could affect learning outcomes and
students’ critical thinking, Academic 4 noted concerns of how non-first language
English speakers may potentially be unfairly targeted by Al detection tools, due to their
style of writing.

The Turnitin score ... has an impact and it flags a specific style of writing that is

common among non-first language English speakers like if you use a tool like that,

1 think students might well be cautioned unfairly because you re basing a caution off

of a score of some Al tool that we know has faults. (Academic 4)

In contrast to some of the concerns, Academic 4 noted that they have never had to
flag a student’s work as Al-generated and noted that the distribution of marks remained
relatively the same pre- and post-ChatGPT.

If you look pre-ChatGPT and post-ChatGPT, I don’t know that the distributions of
marks have necessarily changed that much. So maybe that’s because students aren’t
using Al or maybe if they are using it, we still take them at the same place as what
they deserve to be. (Academic 4)

Academics have adopted different practices for students, with one advising students
against its use (Academic 1), two encouraging students to use the tools (Academics
2,4), and another two teaching students how to use the tools (Academics 2,3) and how
to acknowledge its use in their work (Academic 1).

My third-year students were quite shocked when they asked me a question and I said,
“Oh, Idon’t know, ask ChatGPT.” I think students aren’t comfortable or unfamiliar
with people being so open about it. (Academic 4)

In addition, Academic 1 noted that they gave different advice to their research
students compared to their students involved in software development, noting that they
have advised research students to avoid the tool altogether while encouraging the use
for software development.

For my research students, I have said to stay away, don’t touch it. You 're looking
for trouble. And for software development projects, instead, I encourage students to
use some of the features, like Copilot in GitHub and or ... Al ... features for analysis.
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I've even registered ... one student on our High-Performance Computing Centre to
use those [advanced Al] features. (Academic 1)

Academic 2 focused on teaching students on effective tool usage. Additionally,
Academic 3 encouraged students to use the tools in their data analysis in economics for
coding aspects which they are unsure about. Although the sample of academics
interviewed was limited, these responses indicate some of the varying responses that
academics had regarding Al tools usage at the university under study at the time.

5.5 Academics and the Institution

Academics also expressed their views on the Al policies at the study university. The
general sentiment was notably critical, and they were asked how they manage the
implementation of GenAl policies within their setting. Academic 1 felt that the policies
and guidelines at the institution were complex and lacked clarity. They suggested that
these be simplified to state the acceptable use clearly.

All these policies, nobody reads them. They re too complicated. They re too long.
They’d be difficult to implement, you know, all those things go with it. Just a simple
traffic light [red, yellow, green] works for me for some reason. (Academic 1)

Academic 4 felt as though the institution has been slow to respond to these
technological advancements, and that there is a time lag between the technological
developments and the institutional policies. Academics 1 and 4 both noted that the
policies were restrictive.

[The] current [university] policy about like you can’t use Al at all unless you specify
that ... in the assessment brief. I think it’s a very draconian one and I think the
problem is that it’s the easy response in a world where the easy response is not
appropriate. (Academic 4)

Because to just put a blanket policy in place to say this is not allowed is restricting
very valuable use of tools that could assist quite significantly in people’s work. If
you just dismiss it completely out of hand [...] so I think that comes more from a
position of fear or from misunderstanding of the kind of tools and what you can use
them for [rather] than from a policy perspective. (Academic 1)

Academic 2 viewed the policies surrounding GenAl usage as punitive instead of
equipping students to use the tools effectively. This academic suggested that the
approach should first focus on understanding and exploring the tools in the academic
setting rather than extensively regulating the tools. Moreover, Academics 1, 2 and 4 all
communicated the need to establish sound Al practices over policing student usage of
the tools.

So maybe it’s not so much a policy about what you can and can’t do, but maybe we
need to have a policy that speaks to Al’s uses: such as where it’s used, what is good
practice with Al, and what we would hope people or how people would use AL
(Academic 4)

We haven't delved deeply enough into the teaching and learning component where
we re teaching students how to use GenAl effectively. And that’s where my focus is:
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how do we create environments where students are able to learn in the classroom
how to get real value out of GenAI? (Academic 2)

Overall, the academics interviewed were overtly critical of the Al policies at the
institutions, rather calling for a more straightforward approach where academics
determine (per assignment) the use of these tools, familiarise themselves with such
tools, and teach the ethical use of such tools. A need for a practice-oriented approach
over a purely regulatory one was thus observed.

5.6  Teaching Support Staff and Academics

The learning and teaching support staff (LTSS) discussed their role as providing
academics with guidance and resources on GenAl and its academic usage. Additionally,
they reflected a clear stance against Al detection tools, advocating against using Al
score as plagiarism indicators due to their potential inaccuracies.

I'm part of a working group within our department that produced these guides. 1
think I worked on two of them, but with a huge team. And it’s not a policy, it’s really
just — this is what we know about generative Al, these are the ways to use it, this is
what the literature has been saying. And we created guides for different audience
members: students, staff, researchers, and assessment. (Member of the LTSS)

We foreground learning outcomes and assessments so that students and staff know
when it’s appropriate to use for particular tasks and how it all works and what its
limitations are. (Member of the LTSS)

1 think this concept of regulating is a fallacy. I don 't think we can regulate anything.
People have practices and use things. (Member of the LTSS)

Like the academics, the LTSS staff member discussed how tool management should
stem from a focus on learning outcomes and assessments of the different disciplines
rather than regulation.

6 Discussion

The diagram in Fig. 1 depicts the network of relationships found between human and
non-human actors, constructed to aid the discussion of the analysis. The relationships
are further discussed regarding their agreement with existing literature.

The students interviewed embraced the use of GenAl tools across several aspects of
their academic work. Most students interviewed used these tools weekly, some even
daily, indicating clear integration into regular academic routines. Students use Al tools
as personal tutors, teaching concepts to themselves, improving their grasp of the
concepts. This usage aligns with the literature on personalised learning [3], reporting
that the tools could act as personal tutors, providing feedback based on the personal
needs and learning progress of students.
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P and practices
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Gellf;g}:e Al L | personal use of
Al tools

Students

Fig. 1. Proposed ANT model (Authors’ own)

Students also used GenAl as a coding tool, aiding them in various programming
assignments. This usage agrees with findings by Hou et al. [15] that GenAl is
employed, especially by novice programmers, as an “effective tool” to develop code as
a useful starting point on which to build. Students also used the tools for various writing
tasks, such as template generation, and to answer theory-based assignments, as found
by Al-Afnan et al. [16]. However, the literature did not capture how students employed
tools such as Grammarly, to enhance vocabulary and writing styles. In addition, the
research students used Al tools for structure generation and source information
extraction, improving productivity as found by Al-Zahrani [17].

With some departments introducing Turnitin Al score thresholds of 25 per cent, a
portion of the students experienced anxieties about high Al scores and thus, opted to
adjust their tool usage extent. In addition, the students expressed scepticism regarding
the validity of Al scores, as also found by Yeralan [9] and Moorehouse et al. [10].
Along with validity concerns of the Turnitin Al Score, some of the students raised
concerns about becoming over-reliant on tools. A complex network of relationships is
thus formed between students, the tools, Turnitin, GenAl policies, and academics.

When observing the relationship between academics and the tools, while academics
may have concerns regarding the effects of these tools, they are also embracing them.
They appear to explore the tools while providing students with acceptable usage
practices. Furthermore, the academics and the LTSS staff held similar GenAl regulation
perceptions, noting a need to establish more nuanced Al practices, adjustable to
different contexts and usages. This suggests a disconnect between existing institutional
policy and academic staff perspectives as found by Luo [19]. Luo [19] also suggests
more inclusive approaches to managing the tools that foster learning over narrow lens
approaches. Similarly, within the network, the relationships between actors become
increasingly complex as we observed how the LTSS aimed to provide support and
resources to academics, to better manage GenAl in their courses, and decide best
practices for students. Moreover, academic plagiarism remains a significant concern,
and while students did not explicitly state using the tools for such purposes, one student
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indicated using humanising Al tools to make responses sound human-like and
undetectable by the Turnitin checker.

There also appears to be a lag between the management of GenAl and the extent to
which it is being used. During the study, the university concerned appeared to be in a
transition period in developing policies and the academic implementation of such.
Contrastingly, most students interviewed appeared to have fully embraced the tools in
their learning. Lastly, while academic plagiarism is a considerable concern, one
example in which grade distributions have remained consistent after the introduction of
GenAl suggests that this concern may not necessarily be as significant as perceived.

7 Conclusion

This paper outlined an explorative interpretive case study of GenAl usage at a South
African university, using actor network theory as a theoretical framework to inform the
development of the interview guide, analyse the data and explain the findings. Given
the qualitative research nature, a sampling strategy and thematic data analysis were
employed to determine student and staff perceptions on GenAl Usage and related
policies within an academic setting. The research found that students actively engaged
with GenAl tools while the academic and support staff were navigating the
management and regulation of tools to prevent GenAl abuse and negative learning
outcomes. Limitations of this study include the small sample size (13 participants) and
the lack of multi-disciplinary coverage at the university under study. Given that this
institution is still in the early stages of navigating the integration of GenAl, a
longitudinal study across multiple semesters should evaluate learning outcomes,
observe GenAl policy adaptations, and track how GenAl management evolves within
the university setting. In addition, observing GenAl usage across academic disciplines
can provide a broader lens on its usage within an academic setting.
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Abstract. In South Africa’s marginalised communities, the digital divide perpet-
uates socio-economic exclusion, with gender potentially shaping access to and
success in computer literacy education. Guided by Social Cognitive Theory,
which emphasises self-efficacy as a key driver of learning, this study explores
how gender influences adult computer literacy acquisition through a 10-week
service-learning intervention in Bloemfontein. The study population (N=157) re-
vealed a gender imbalance, with females comprising 73.90% of participants, in-
dicating potentially greater technology access barriers or stronger motivation for
skills development among females. A pre- and post-test design assessed partici-
pants’ attitudes towards computers, basic computer skills, and self-reported pro-
ficiency in MS Word and MS Excel through a questionnaire with 50 Likert-scale
and binary items. Statistical analyses, including Repeated Measures ANOVA for
Likert data and Chi-Square tests for binary responses, revealed significant im-
provements across all domains. No significant Time x Gender interactions
emerged, indicating comparable gains across genders despite higher self-efficacy
in males. These findings highlight self-efficacy as a key mechanism driving
learning outcomes, with the intervention equalising confidence gains despite in-
itial gender disparities. For educators and program designers, these results sug-
gest incorporating pre-program confidence-building activities for females, ensur-
ing equitable mastery opportunities, and maintaining post-intervention technol-
ogy access to sustain skill development across genders.

Keywords: Computer literacy, Digital divide, Marginalised communities, Self-
efficacy, Social cognitive theory

1 Introduction

The digital divide in South Africa (SA) is a significant barrier to socio-economic pro-
gress, especially in marginalised communities with historical inequalities in technology
access and digital skills education. This divide is evident in unequal hardware distribu-
tion, internet access, and digital literacy [1]. Limited access to digital tools exacerbates
social and economic inequalities, hindering opportunities for education, employment,
and social participation in a country with high unemployment rates [2].
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Gender plays a critical role in the digital divide, as economic inequality and histori-
cal educational disparities have led to distinct technology access patterns between
males and females. Computer literacy is essential for employment today, yet many
South Africans struggle to acquire these skills. The Human Sciences Research Council
[3] identifies limited digital literacy as a key factor contributing to unemployment, par-
ticularly in disadvantaged communities.

The digital divide in SA demands practical solutions. Service-learning approaches
offer a promising framework for addressing digital inequalities while providing expe-
riential learning for students. The University of the Free State (UFS) launched the In-
formation Technology Service-Learning (ITSL) project in 2015, integrating academic
instruction with community service to foster reciprocal learning [4]. The ITSL project
aims to bridge the digital divides that perpetuate socio-economic exclusion.

This study is guided by Social Cognitive Theory (SCT), focusing on self-efficacy,
or the belief in one’s ability to perform tasks successfully [5, 6]. In SCT, acquiring and
mastering new skills takes precedence over specific outcomes, with self-efficacy being
key to learning and skill development [6].

This study examines gender and computer literacy through the ITSL project at the
UFS. The project offers free computer literacy training using a service-learning ap-
proach that integrates academic instruction with community service. Participants are
recruited through Mangaung Concerned Residents and the South African Red Cross
Society, with second-year students delivering 10-week, weekly three-hour sessions in
English at the UFS computer lab. The curriculum focuses on Microsoft Word and Ex-
cel. The study aims to:

1. Investigate how gender affects computer literacy, self-efficacy, and skill develop-
ment in marginalised communities.

2. Assess the effectiveness of a structured intervention in addressing gender differences
in digital literacy outcomes.

3. Examine self-efficacy as a mediating factor in computer literacy acquisition across
genders.

4. Provide insights to inform inclusive digital literacy initiatives.

Using a pre- and post-test methodology, the study assesses changes in participants’ at-
titudes towards computers, basic computer skills, and self-reported proficiency in MS
Word and Excel, contributing to understanding how gender affects digital skills acqui-
sition in marginalised communities and informing strategies to reduce technological
inequalities.

2 Literature Review and Theoretical Frameworks

2.1  Computer Literacy in South Africa’s Digital Divide

Computer literacy is crucial for socio-economic advancement in SA, where the digital
divide remains pronounced despite efforts to expand technological access and educa-
tion [7]. The South African digital divide is multi-dimensional, including disparities in
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computer access, internet connectivity, skills, usage patterns, and perceived technology
benefits. Marginalised communities face compounded disadvantages due to limited in-
frastructure, economic constraints, and educational barriers [8].

Research on information and communications technology (ICT) in SA highlights
significant urban-rural disparities, with urban areas showing substantially higher rates
of computer access and usage than rural regions [9]. These disparities reinforce existing
economic inequality, as limited digital literacy creates barriers to employment oppor-
tunities that require technological competence [8]. As a result, computer literacy initi-
atives are essential for promoting digital inclusion and expanding economic opportuni-
ties in marginalised communities [7, 8].

2.2 Gender and Technology Adoption

The intersection of gender and technology adoption presents a complex picture in the
South African context. International research has documented persistent gender gaps in
technology access, usage patterns, and confidence levels. These disparities often stem
from sociocultural factors, including gender-based stereotypes, differential access to
education, and economic inequalities [10]. However, the manifestation of gender dis-
parities in technology adoption varies significantly across cultural and socio-economic
contexts, highlighting the need for region-specific research [11].

In SA, while the gender gap in basic technology access has narrowed, significant
differences remain in usage, confidence, and perceived benefits. Females, especially in
marginalised communities, often report lower technological self-efficacy despite simi-
lar or better skill performance. This “confidence gap” affects females’ technological
engagement, education, and careers in the digital economy [12].

Research examining ICT usage patterns in rural South African communities has
found that while females often demonstrated high interest in developing computer
skills, they faced additional barriers, including time constraints due to household re-
sponsibilities, greater financial limitations, and limited encouragement from social net-
works [13]. These gender-specific barriers highlight the importance of designing inter-
ventions that specifically address females' unique challenges in developing computer
literacy.

2.3  Service-Learning in Technology Education

Service-learning approaches provide a promising framework for addressing both the
digital divide and gender equity issues in computer literacy education. Service-learning
integrates meaningful community service with academic instruction, fostering recipro-
cal learning and social responsibility among students while addressing community
needs [14]. This pedagogical approach has gained traction in South African higher ed-
ucation, aligning with post-apartheid imperatives for universities to engage meaning-
fully with historically marginalised communities [15].

In technology education, service-learning initiatives can facilitate digital skills trans-
fer while sensitising students to the complex socio-economic and cultural factors that
shape technology adoption [16]. When effectively implemented, these programs create
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mutually beneficial partnerships between academic institutions and communities, ad-
dressing real-world needs while providing valuable learning experiences for students
[4]. However, researchers have criticised many existing service-learning initiatives for
insufficient attention to community needs and limited community involvement in deci-
sion-making processes [16].

Some scholars argue that university-community engagement through service-learn-
ing in SA often fails to effect meaningful community change due to insufficient atten-
tion to power relations and authentic engagement [17]. This critique highlights the im-
portance of moving beyond “community-focused” approaches toward truly “commu-
nity-driven” service-learning that centres community voices and priorities [18]. Evalu-
ations by the South African Higher Education Quality Committee have similarly iden-
tified inadequate impact assessment as a persistent limitation of many community en-
gagement initiatives [17].

2.4  Theoretical Framework: Social Cognitive Theory and Self-Efficacy in
Computer Literacy Acquisition

This study employs SCT as its primary theoretical framework, particularly emphasising
self-efficacy. SCT provides a comprehensive framework for understanding how per-
sonal, behavioural, and environmental factors interact to shape learning outcomes [19].
Within this framework, self-efficacy (defined as an individual's belief in their ability to
perform a specific task successfully) serves as a pivotal mechanism driving motivation,
perseverance, and achievement [20].

According to Bandura [21, 22], self-efficacy is developed through four primary
sources: mastery experiences (personal accomplishments), vicarious experiences (ob-
serving others' successes), verbal persuasion (encouragement from others), and physi-
ological states (emotional arousal). In computer literacy education, self-efficacy has
been shown to significantly influence learning outcomes independent of actual ability
[23]. Individuals with higher computer self-efficacy tend to approach learning tasks
with greater confidence, persist longer when encountering difficulties, and ultimately
achieve better results [24].

Research has documented persistent gender differences in computer self-efficacy,
with females often reporting lower confidence in their technological abilities despite
comparable performance [25]. These disparities appear particularly pronounced in cer-
tain technological domains and specific cultural contexts. South African research has
identified significant gender gaps in computer self-efficacy, especially among individ-
uals from economically disadvantaged backgrounds [26].

By focusing on self-efficacy as a mediating mechanism, this study examines how
gender potentially shapes participants' confidence in their computer skills, how this
confidence changes through educational intervention, and how self-efficacy relates to
actual skill acquisition. The self-efficacy framework accommodates both quantitative
measurements of confidence levels and skill performance while providing explanatory
power for observed gender differences.

While alternative theoretical frameworks such as Feminist Technology Studies
might offer valuable insights into power dynamics and structural inequalities shaping
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technology access [27], the quantitative methodology employed in this study and its
focus on measuring changes in attitudes and skills makes SCT particularly appropriate
for examining gender differences in computer literacy acquisition.

3 Methodology

3.1 Research Design and Sampling

We used a survey methodology [28] to measure participants’ computer literacy before
and after the 2023/2024 ITSL project, enabling a comparative analysis of changes. The
study population consisted of 157 community members. All participants attended face-
to-face sessions conducted at the UFS Bloemfontein campus. The research sample was
selected using a combination of purposive and convenience sampling methodologies
[29, 30]. Purposive sampling ensured the inclusion of participants with direct experi-
ence in the ITSL project, while convenience sampling facilitated access to willing par-
ticipants within the target group. This combination of sampling approaches allowed for
focused data collection while acknowledging practical constraints in accessing partici-
pants from marginalised communities.

3.2 Data Collection and Instrumentation

To answer the research aims, we evaluated participants’ computer literacy changes due
to their participation in the ITSL project. Pre- and post-test self-assessment question-
naires were chosen as the most suitable data collection tools [28, 29]. Participants com-
pleted identical questionnaires at the start and end of the project [30], which allowed
them to assess their skills without the anxiety of performance-based tests [28].

The questionnaire was developed by selecting and modifying questions from several
existing computer literacy self-assessments used in previous research [31-34]. These
questions focused on fundamental computer literacy, with some adapted for our specific
research context and additional questions added to assess advanced skills covered in
the ITSL project curriculum.

The questionnaire had two sections: Section A contained 50 close-ended questions
divided into four categories—attitude towards computer use, basic computer opera-
tions, self-assessment of Microsoft Word proficiency, and self-assessment of Microsoft
Excel proficiency. We carefully sequenced questions to minimise bias in responses.
The self-assessment portion included both simple and complex questions, using five-
point Likert scales and dichotomous options [28]. Section B gathered demographic
data, including gender, age, home language, and employment status.

3.3 Data Analysis

Data from the pre- and post-test questionnaires were manually entered into a Microsoft
Excel spreadsheet and then transferred to SPSS Statistics (version 28.0) for analysis.
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For the five-point Likert scale questions, repeated measures ANOVA was used to
analyse differences between Pre-test, Post-test, and Gender. This method assessed
changes in self-reported computer literacy over time while examining gender effects.
The repeated measures design controlled for individual differences, increasing statisti-
cal power.

Dichotomous data were analysed using Chi-Square tests to explore gender associa-
tions at both pre- and post-test stages. Pearson’s Chi-Square tested differences between
male and female responses, with Yates’ correction applied for small, expected frequen-
cies. The Linear-by-Linear Association test was also used to detect trends between gen-
der and binary outcomes.

3.4  Reliability and Validity

The study ensured reliability and validity through the careful design of a computer lit-
eracy self-assessment questionnaire, adapted from validated instruments from previous
studies that focused on computer literacy assessment [31-34]. The questionnaire was
aligned with the ITSL curriculum to capture changes in participants' skills and attitudes.

Data collection was standardised, with all participants receiving identical instruc-
tions and completing the same questionnaires under similar conditions at both pre-test
and post-test stages. The questionnaire, organised into defined categories (attitudes to-
ward computer use, basic computer operations, MS Word proficiency, and MS Excel
proficiency), enhanced its structural validity, while Likert-scale and dichotomous ques-
tions allowed for comprehensive measurement of different aspects of computer literacy.

This structured approach, combined with a pre-test/post-test framework, ensured a
credible assessment of the ITSL project's impact across gender groups.

4 Results Overview

4.1 Participant Demographics

Of the 157 participants in the ITSL project, 41 (26.10%) were male, and 116 (73.90%)
were female, showing a significant gender imbalance. This disparity should be consid-
ered when interpreting the study's findings and reflects broader trends in digital literacy
engagement in marginalised South African communities.

Participants' ages ranged from 18 to 57. The largest group (38.00%) was aged 15—
25, followed by 34.00% in the 2635 range, 17.00% in the 3645 range, 10.00% in the
46-55 range, and 1.00% older than 46.

The majority (52.87%) spoke Sesotho at home, followed by Tswana (18.47%),
isiXhosa (12.10%), and English (8.28%). Minority languages included Afrikaans
(5.73%), Zulu (1.91%), and Venda (0.64%).

Most participants were unemployed (79.62%), while 13.38% were employed full-
time and 7.01% part-time, highlighting the need for digital skills development in SA.
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4.2  Attitudes Towards the Use of Computers

The first questionnaire category assessed participants' attitudes toward computer use.
Significant changes were observed in comfort levels (Q7) from pre-test to post-test (p
<.001, n?=.167), with no gender effect (p =.163) or Time x Gender interaction (p =
.947). Pre-test means were 4.00 for males and 3.82 for females; post-test means were
4.51 for males and 4.32 for females.

These findings support SCT, suggesting self-efficacy is enhanced through mastery
experiences. The lack of a Time x Gender interaction indicates both genders can
achieve similar comfort gains when given equal learning opportunities.

Improvements were also noted in perceived difficulty of computer use (Q3), with a
significant reduction (p <.001, n>=.137) and no gender or interaction effects (p=.153,
p =.780).

No significant change was found in willingness to learn more about computers (Q2:
p = .561), likely due to high baseline scores (M > 4.50), indicating a ceiling effect.
Similarly, participants’ beliefs in the importance of learning computers (Q5) and their
connection to employment (Q7) were already high.

A significant increase was seen in the desire to use computers at home or work (Q6:
p =.030, n*=.030), with no gender interaction (p =.327). These results show improved
attitudes toward computers with no significant gender differences.

4.3  Basic Computer Use

The second category assessed participants' basic computer skills, revealing notable gen-
der differences before and after the intervention.

For overall computer literacy (Q8), a significant improvement was observed from
pre-test to post-test (p <.001, n?> =.339), with a gender effect (p = .009, n>=.043) but
no Time x Gender interaction (p = .780). Males consistently rated their skills higher at
both pre-test (M = 2.71) and post-test (M = 3.56) compared to females (pre-test: M =
2.36; post-test: M = 3.16). The mean difference between pre-test and post-test scores
was significant for both genders (mean difference = -0.83, p <.001).

These findings support SCT's proposition that prior experience influences self-effi-
cacy. The significant gender effect, with males reporting higher self-efficacy, aligns
with the theory's focus on how prior exposure shapes confidence. However, the absence
of a Time x Gender interaction suggests the intervention effectively enhanced self-ef-
ficacy for both genders equally, supporting SCT's premise that a structured learning
environment can mitigate initial differences.

Typing skills (Q9) also showed significant improvement (p < .001, n? = .274) with
no gender interaction (p =.352), indicating similar improvement rates for both genders.

Dichotomous questions on basic computer operations revealed consistent gender dif-
ferences at pre-test, which diminished by post-test. For example, the ability to start and
shut down a computer (Q/4) showed a significant pre-test gender difference (p =.001),
with males reporting higher competence (95.10%) than females (69.80%). By post-test,
this difference was no longer significant (p = .138), with both genders reporting high
competence (Males: 100%, Females: 94.80%). Similar patterns were seen in program
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management (Q15: pre-test p <.001, post-test p=.052) and describing computer uses
(Q17: pre-test p =.006, post-test p = .056).

These results support SCT’s claim that direct mastery experiences are key to devel-
oping self-efficacy. The narrowing gender gap in binary skills suggests the intervention
equalised self-efficacy in basic operations, demonstrating that successful experiences
can override pre-existing confidence differences.

Prior to the intervention, 62.70% of participants had never used a computer. By pro-
ject completion, all participants reported increased confidence, with 76.50% using com-
puters post-project. This improvement suggests the ITSL project effectively built skills
and confidence across gender groups.

Overall, while males initially reported higher competence in basic computer opera-
tions, the intervention narrowed gender gaps. The lack of significant Time X Gender
interactions suggests both male and female participants benefited equally, regardless of
their starting points.

4.4  Self-assessment of MS Word Proficiency

The third category assessed participants' self-reported proficiency with Microsoft
Word. Analyses showed significant improvements in all MS Word-related skills from
pre-test to post-test.

For specific Word functions like inserting a table of contents (Q37), significant im-
provement was observed (p < .001, n? = .581), with a gender effect (p = .015) but no
Time x Gender interaction (p = .824). Males reported higher proficiency at both pre-
test (M =2.05) and post-test (M = 3.51) compared to females (pre-test: M = 1.63; post-
test: M =3.14).

These gender differences in self-efficacy, alongside similar gains, offer insight into
SCT's framework. The gender effect suggests that prior exposure or socialisation influ-
ences self-efficacy, while the lack of an interaction effect shows that new mastery ex-
periences benefit both genders equally. This partial support for SCT highlights how
self-efficacy is shaped by both past experiences and current learning opportunities.

Similar patterns emerged for inserting a bibliography (Q38), with significant im-
provement (p < .001, n? = .482), a gender effect (p = .006), and no interaction (p =
.216). Males consistently reported higher proficiency (pre-test: M = 1.78; post-test: M
= 3.17) than females (pre-test: M = 1.45; post-test: M = 2.58).

Creating tables (Q35) showed significant improvement (p < .001, n? = .522) with
marginal gender differences (p = .081) and no significant interaction (p = .504). For-
matting skills, including changing fonts (Q30) and text alignment (Q317), showed sub-
stantial improvements for both genders (p < .001), with effect sizes (n?) ranging from
464 to .495.

Working with document references (Q36) showed significant improvement (p <
.001, n? = .550) with a gender effect (p = .009) but no interaction (p = .767). Males
reported higher ratings at both time points (pre-test: M = 1.93; post-test: M = 3.44)
compared to females (pre-test: M = 1.53; post-test: M = 2.98).

Headers and footers (Q34) showed similar improvement patterns (p < .001, n? =
.568) with significant gender differences (p =.019) but no interaction effect (p =.872).
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Spell-checking proficiency (Q33) showed significant improvement (p <.001,n?=.515)
with small gender differences (p = .014) and no interaction (p = .334).

Across all MS Word skills, both genders showed substantial gains in proficiency.
Males reported higher absolute ratings, while females showed comparable relative im-
provements. The absence of significant Time X Gender interactions indicates that the
intervention was equally effective for both genders despite different starting points.

4.5  Self-assessment of MS Excel Proficiency

The fourth category assessed participants' self-reported proficiency with Microsoft Ex-
cel. Analyses revealed substantial improvements in all Excel-related skills from pre-
test to post-test.

For overall Excel skills (039), significant improvement was observed (p < .001, n?
= .533), with a gender effect (p = .032) but no Time x Gender interaction (p = .791).
Males reported higher proficiency at both pre-test (M = 1.90) and post-test (M = 3.22)
compared to females (pre-test: M = 1.60; post-test: M = 2.97).

Creating new spreadsheets (Q40) showed significant improvement (p < .001, > =
.641), with significant gender differences (p = .006) but no interaction (p = .347). Sim-
ilarly, entering data (Q47) showed substantial improvement (p < .001, n?> =.609) with
significant gender differences (p < .001) but no interaction (p = .871).

Basic spreadsheet editing (042) demonstrated significant improvement (p <.001, n?
= .517), with significant gender differences (p = .001) but no interaction (p = .925).
Saving spreadsheets (043) showed similar patterns (p <.001, > =.597) with marginal
gender differences (p =.029) and no interaction (p = .794).

For advanced functions like spreadsheet calculations using formulas (Q46), signifi-
cant improvement was observed (p < .001, n? = .609), with significant gender differ-
ences (p <.001) but no interaction (p = .287). Chart creation (Q47) showed significant
improvement (p <.001, n? = .648) with significant gender differences (p =.002) but no
interaction (p = .418).

The skill of using advanced functions like the "IF" function (Q50) showed signifi-
cant improvement (p < .001, n?> = .584), with gender differences (p = .010) but no in-
teraction (p = .778). Males reported higher proficiency at both pre-test (M = 1.61) and
post-test (M = 3.20) compared to females (pre-test: M = 1.33; post-test: M = 2.85).

These results support SCT's predictions about self-efficacy development. The higher
self-efficacy among males (significant gender effect) likely reflects sociocultural influ-
ences on technology confidence, as SCT suggests. The absence of Time x Gender in-
teractions shows that the intervention's structured learning environment provided effec-
tive mastery experiences for both genders, supporting SCT's emphasis on creating
learning environments that build self-efficacy regardless of the starting point.

Across all Excel skills, both genders showed substantial improvements in profi-
ciency. Males consistently reported higher ratings, but the absence of significant Time
x Gender interactions indicates the intervention was equally effective for both genders
despite different starting points.

These findings support key SCT principles: (1) prior experiences influence self-ef-
ficacy, explaining gender differences; (2) structured interventions with direct mastery
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experiences can enhance self-efficacy for all; and (3) self-efficacy improvement can be
similar across gender groups when given equivalent learning opportunities.

5 Discussion

This study explored how gender influences adult computer literacy acquisition through
a 10-week service-learning intervention in a marginalised South African community,
revealing key insights into gender dynamics in computer literacy.

5.1  Self-Efficacy as a Predictor of Computer Literacy Acquisition

Through the lens of SCT, self-efficacy emerges as a pivotal mechanism driving learning
outcomes in computer literacy acquisition. The significant improvements observed
across all domains—attitudes toward computers, basic usage skills, and software pro-
ficiency—reflect enhanced self-efficacy and competence. The intervention provided
structured mastery experiences, vicarious learning opportunities, and verbal encourage-
ment that effectively boosted participants’ confidence in their computer skills.

The consistent pattern of significant improvement from pre-test to post-test across
both genders, with large effect sizes (n? ranging from .167 to .648), indicates that the
intervention successfully enhanced participants’ self-efficacy in computer skills regard-
less of gender. This aligns with Bandura’s framework of self-efficacy development
through mastery experiences, suggesting that the hands-on practice provided in the
ITSL project effectively built confidence through direct success experiences.

5.2  Gender Differences in Self-Efficacy

One of the most notable findings is the consistent gender difference in self-reported
proficiency. Males reported higher baseline and post-intervention self-efficacy across
most skills. For example, in overall computer literacy (Q8), males reported higher self-
efficacy at both pre-test (Male M =2.71 vs. Female M = 2.36) and post-test (Male M =
3.56 vs. Female M = 3.16).

These differences were especially pronounced in advanced skills like using Excel
formulas and creating charts. However, binary skill measures showed a convergence
pattern, with significant pre-test differences narrowing by post-test, suggesting actual
skill acquisition may have been more equal than self-reported confidence levels.

Through the SCT framework, these gender differences can be explained by different
pre-intervention exposure to technology, with males likely having more prior informal
experience. This interpretation aligns with digital divide research, which links early
technological experiences to long-term self-efficacy and engagement [35].

5.3  Equal Relative Gains Across Genders

Despite differences in self-efficacy levels, the absence of significant Time X Gender
interactions across all domains is noteworthy. This suggests that both males and
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females experienced similar relative gains in computer literacy skills, regardless of their
starting points. The intervention was equally effective for both genders, demonstrating
its potential to bridge gender-based digital divides.

This challenges the assumption that gender moderates the effectiveness of interven-
tions and suggests that structured, supportive learning environments can promote equi-
table skill development. The ITSL project’s focus on hands-on practice, peer learning,
and supportive instruction allowed both males and females to develop confidence and
competence at similar rates despite different baseline levels.

5.4  Gender Imbalance in Program Participation: Alternative Interpretations

The overrepresentation of females (73.90%) in the ITSL project is noteworthy and war-
rants several interpretations. While this imbalance may indicate higher motivation
among females to acquire computer literacy, other explanations should be considered.

First, this may reflect SA’s gendered unemployment landscape, where females face
higher unemployment rates [36]. With 79.62% of participants unemployed, the imbal-
ance may reflect the demographic reality of those with daytime availability for training.
Second, social networks may influence program awareness, with community partners
like Mangaung Concerned Residents and the South African Red Cross Society possibly
having stronger connections with females. Third, cultural expectations regarding
household responsibilities might increase females’ participation, as computer literacy
could be seen as valuable for managing finances and family interests [37]. Finally, fe-
males may perceive digital skills as a means of overcoming gender biases in employ-
ment [2].

5.5 South African Cultural Context and Its Influence

The findings must be interpreted within SA's cultural and historical context. Post-apart-
heid SA continues to navigate race, class, and gender inequalities that shape educational
opportunities and technology access. The Bloemfontein community reflects these dy-
namics, with Sesotho (52.87%) and Tswana (18.47%) speakers highlighting linguistic
diversity in South African education.

The high unemployment rate among participants (79.62%) reflects the economic re-
alities of marginalised communities, where digital skills are crucial for employment but
often inaccessible. This context may explain the high motivation across participants
(02, 05, Q7 with high baseline scores) and persistent gender differences in self-effi-
cacy, with males reporting higher confidence.

Traditional gender roles influence educational and career trajectories. Despite con-
stitutional gender equality, practical realities reflect disparities in technology exposure.
The higher baseline self-efficacy reported by males likely reflects these sociocultural
patterns.

Furthermore, the linguistic diversity of participants (representing five of SA’s 11
official languages) adds complexity. While instruction was in English, many partici-
pants were learning technical concepts in a second or third language, which may have
impacted self-efficacy, particularly if gender correlates with English proficiency.
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5.6  Connections to Broader Digital Divide Literature

This study’s findings contribute to the global literature on digital divides, aligning with
research that views digital divides as multi-dimensional, covering access, skills, usage,
and self-efficacy [38]. The persistent gender differences in self-efficacy, despite equal
improvement rates, highlight how psychological factors create a "second-level digital
divide" even when access barriers are removed.

The higher baseline self-efficacy among males aligns with global patterns in digital
divide research, where socialisation and early exposure create gender disparities in
technological confidence [35]. However, the equal improvement rates across genders
suggest that well-designed interventions can address these psychological barriers.

Our findings also relate to research on digital divides in developing contexts, where
gender, poverty, and education intersect to create compounded disadvantages [1]. The
high female participation and lower self-efficacy reflect these dynamics, indicating that
females in marginalised South African communities face higher motivation but greater
psychological barriers.

The convergence in binary skill measures, where gender differences are diminished
by post-test, suggests that structured interventions can narrow gender gaps in basic
competencies [39]. However, persistent differences in self-reported proficiency for ad-
vanced skills indicate deeper psychological barriers may require targeted interventions.

5.7 Implications for Service-Learning Approaches

The findings have important implications for service-learning approaches to addressing
digital divides. The ITSL project’s success in improving computer literacy across gen-
ders highlights the potential of university-community partnerships in tackling digital
exclusion in marginalised communities.

First, the gender imbalance in participation suggests that service-learning programs
may attract different gender ratios depending on the community context and program
content. The high female participation (73.90%) indicates that computer literacy initi-
atives may particularly appeal to females in marginalised South African communities,
likely due to perceived employment benefits. Service-learning designs should account
for these patterns when planning resources, teaching approaches, and support struc-
tures.

Second, the persistent gender differences in self-efficacy, despite equal improvement
rates, suggest that service-learning programs should consider baseline confidence lev-
els while maintaining consistent expectations. The higher self-efficacy reported by
males, despite comparable skill gains, indicates the need for instructors to address con-
fidence gaps.

Third, the significant improvements across all domains show that service-learning
programs can be equally effective for both genders when providing structured, hands-
on learning. The ITSL project’s weekly lab sessions with direct practice opportunities
suggest this model could be replicated in other contexts.

These implications offer evidence-based guidance for future service-learning initia-
tives aimed at bridging digital divides in marginalised communities.
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6 Conclusion

This study provides empirical evidence on how gender influences adult computer liter-
acy acquisition in marginalised South African communities. Using Social Cognitive
Theory, our findings highlight several key conclusions:

1. Intervention Effectiveness: The ITSL project was effective in enhancing computer
literacy for both male and female participants, with large effect sizes showing sub-
stantial improvements in self-efficacy and competence.

2. Gender Differences in Baseline Self-Efficacy: Males reported higher self-efficacy
in computer skills at both pre-test and post-test, likely due to greater prior exposure
to technology and sociocultural factors influencing technology engagement.

3. Equal Learning Trajectories: Despite differences in self-efficacy, the absence of
significant Time % Gender interactions shows that males and females made compa-
rable relative gains from the intervention. This suggests that well-designed computer
literacy programs can effectively serve diverse gender groups.

These findings have implications for addressing digital divides in South African com-
munities. The study highlights the success of the intervention in bridging digital divides
regardless of gender, while also pointing to persistent challenges related to baseline
self-efficacy. The gender imbalance in program participation (73.90% female) empha-
sises the need for accessible digital literacy programs for females in marginalised com-
munities. Although males reported higher self-efficacy, the strong female representa-
tion suggests that females may actively seek opportunities to develop computer skills
when structural barriers are removed. Future iterations should explore the factors be-
hind this gender imbalance while creating supportive environments for participants
with varying confidence levels.
Several practical recommendations emerge from this research:

1. Enhanced Pre-Program Support for Females: Offering more pre-program expo-
sure and confidence-building for females could help align self-efficacy levels at the
start.

2. Gender-Sensitive Teaching Approaches: Instructors should maintain equal expec-
tations while being mindful of potential gender differences in confidence and offer-
ing appropriate encouragement.

3. Sustained Access to Technology: Continued access to technology after the program
is crucial for skill retention, especially for females facing additional access barriers.

In conclusion, while gender differences in self-efficacy persist in computer literacy ed-
ucation, well-designed interventions can foster comparable skill development across
genders. These findings contribute to developing inclusive educational strategies to
bridge digital divides in underserved South African populations.
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7 Limitations and Future Research

This study has several limitations. The reliance on self-reported measures rather than
performance-based assessments may introduce reporting biases. It also did not control
for socio-economic factors beyond gender that might influence computer literacy ac-
quisition.

Future research should explore the long-term sustainability of the intervention’s ef-
fects, examine the relationship between self-reported confidence and actual perfor-
mance, and investigate how intersectionality (the interaction of gender with factors like
age, socio-economic status, and education) influences computer literacy in marginal-
ised communities.

Disclosure of Interests. The authors declare no competing interests related to this article.

Statement on Ethics. Ethical clearance for this study was granted by the General/Human Re-
search Ethics Committee of the UFS (UFS-HSD2023/1745). Informed consent was obtained
from all participants, ensuring they understood the research goals and their right to withdraw.
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Abstract. Generative Al (GenAl) is transforming education with applications of
Al powered toys in preschool, to writing assistance for tertiary students. Despite
the benefits GenAl offer, concerns around students' ethical behaviour and
reduced critical thinking exist. Furthermore, as needs and aims vary between
educational levels, exploring GenAl use at all levels is essential, so that its
potential can be leveraged and risks of integration better understood. Using a
systematic literature review, relevant articles were selected to provide an
overview of GenAl use, benefits, challenges and policies across educational
levels. Thematic Analyses were used to construct codes and themes. Findings
indicate that while GenAl is used across all levels to scaffold learning and
simplify content, preschools' use is limited as formal assessment, writing skills
and research tasks are not needed at this level. Similarly, GenAl benefits such as
personalised learning, greater accessibility, improved knowledge acquisition and
creativity are universal across levels, however automation of feedback is not
relevant for preschools. Likewise, challenges of biased data, privacy and
depersonalisation, unequal access, and misleading information are common to all
levels, but academic dishonesty and reduced work quality are not early childhood
education concerns. For policies, major gaps exist in current policies governing
GenAl use from primary to tertiary education. Furthermore, GenAl training and
skills development is lacking, and copyright GenAl content copyright needs more
exploration. In conclusion, as GenAl becomes pervasive, challenges must be
addressed, and policies developed to ensure sustainable and responsible GenAl
use across educational levels, specifically from primary to tertiary contexts.

Keywords: Artificial Intelligence (Al), Artificial Intelligence (GenAl),
Technology Use, Early Childhood Education, Preschool, Primary Education,
Secondary Education, High School, Higher Education, Tertiary Education.

1 Introduction

Artificial Intelligence (Al), the major technology powering the growth of digitalisation
and use of interconnected systems [1-3], is being utilised to transform industries, sectors
and society [4-7]. Al, which consists of various technologies such as text, voice, and
images, which are used to train machine learning (ML) and deep learning (DL) models
[4, 8], can be categorised into three subtypes: Artificial Narrow Intelligence (ANI);
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Artificial General Intelligence (AGI); and Artificial Superintelligence (ASI) [4, 9].
ANI, which makes decisions based on historical data [10] and can perform tasks they
are programmed for [11], is being used pervasively, whereas AGI is still a theoretical
concept [12] and ASI describes a future stage of Al [13] where machines are predicted
to surpass human intelligence [14-15].

Within ANI, generative Al (GenAl) is increasingly being used to create content
based on user prompts [15]. Rane [16], Jauhiainen and Guerra [17] claim that GenAl
offers benefits for all educational levels. For example, at preschools GenAl enables
early childhood development [18], at primary schools it supports the teaching of
foundational skills [17, 19], in secondary schools it facilitates students’ learning and
skill development [17] and assists teachers in creating tailored educational content [19],
and for curriculum development [20] and research assistance [6, 21] in tertiary
education. Despite these benefits, challenges such as ethical concerns [22-23], access
to reliable internet [17], students’ dependency on Al [23-24], and issues surrounding
intellectual property and plagiarism detection [6], exist.

While GenAl is becoming embedded in all levels of education, the potential benefits
and challenges often differ between various educational contexts [17, 19, 25]. Yu [26]
states in pre and primary schools, the use of GenAl is mainly seen as positive [27],
whereas within secondary and tertiary educational institutions GenAl is often viewed
as controversial and associated with academic dishonesty [28]. Consequently, it is
evident that the benefits and challenges of GenAl use within education are not
universal. Therefore, this paper aims to examine the potential promises and perils of
GenAl use across different educational levels [29-30], so that its potential can be
leveraged, risks of integration can be better understood, and educators and
policymakers can adopt a more thoughtful and cautious approach to GenAl integration
[4]. The main research question this paper aims to answer is: How does the use,
benefits, challenges and policies of GenAl Al differ across various educational levels?

2 Research Method

Systematic and comprehensive searches (as outlined in Table 1) were conducted on
ProQuest, IEEE Xplore, and ScienceDirect to access scholarly and peer-reviewed
articles in relevant fields, including social sciences, computer science, and engineering
[31]. Google Scholar was included to identify grey literature, i.e., unpublished reports
and theses [32]. Keywords used included: generative Al (synonym: GenAl); use
(synonyms: utilization, impact); policies (synonyms: framework, guideline); impact
(synonyms: benefits, challenges of Al in learning); and Al chatbots (synonyms:
ChatGPT, Gemini, Co-pilot).
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Table 1. Summary of Search Terms Used

Database Query
ProQuest e (use, policies, and challenges) AND ((“generative AI”) AND
IEEE Xplore (“education”))

ScienceDirect e (benefits AND (policies OR guidelines) AND challenges) AND
(("generative AI" OR "ChatGPT") AND ("education"))
o (benefits AND (policies OR guidelines) AND challenges) AND
(("generative AI" OR "ChatGPT") AND ("education") AND ((primary
school) OR (k-12*)) AND ((pre-school) OR (kindergarten) OR
(créche)) AND ((higher education*) OR (university*) OR (college)))
Google Scholar | e How is generative Al currently being used in different levels of
education (preschool, primary, secondary, tertiary)?
e What are the benefits and challenges of generative Al observed at each
level of education?

Criteria utilised to define the selection parameters for article inclusion consisted of only
peer-reviewed studies [33], written in English [34], published in last five years [25],
that discuss GenAl within education. Criteria used to exclude articles consisted of all
non-full text articles [33], not written in English [34], published before 2020 [25], and
focused on general Al literacy, or parents’ or teachers’ use of GenAl.

To ensure the study provided an accurate review of the existing literature in this area,
reporting bias, where researchers selectively present results to support their hypotheses
and ignore or minimise findings that contradict their assumptions [33]; selection bias,
where the sample of papers is not representative of the larger population [35], and
publication bias, where authors report only the most favourable results from multiple
analyses [36-37] were addressed by using a structured protocol, including grey
literature, and having two reviewers [32-33, 38].

The data extraction process is outlined in Fig. 1. A data extraction sheet was used to
record searches conducted and literature identified. Of the initial 772 studies, 8 articles
with duplicate titles were removed. After screening by title, publication, and date range,
a further 691 articles were removed. Then, the abstracts of the 73 remaining articles
were screened, and a further 31 articles were removed. The remaining 42 articles were
then screened in detail, resulting in a further 14 articles being excluded. The remaining
28 full-text articles were then assessed, with none being removed, to ensure the context
and focus of the research was addressed [39], a well-defined methodology was provided
[40], and the selected articles were able to answer the research question posed [41].

A Thematic Analysis (TA) was then used to identify patterns [42], provide rich and
trustworthy information [43], and analyse the identified studies. Coding involved
carefully reading each article to understand its focus, key findings, and how it relates
to the use of GenAl in education [44]. First, a mix of initial and emergent codes were
used [44-45], thereafter similar codes were grouped to form broader patterns i.e.,
themes [46]. For example, codes related to "inherent bias of data" and "privacy
concerns of AI" were grouped under the theme "challenges to GenAl use in education".
A detailed review of the themes and codes derived using this approach are detailed next.
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.g Records identified through Additional records identified through
g database searching other sources (From Google Scholar)
£ n=241) {n=531)

Records after duplicates removed
(n= 764)

M |

2 Records screened based Records excluded based
on title and further " "
g . on title, date published
inclusion criteria {n= 691)
.E (n=764) -
Records screened based Records excluded based
— on abstract through on abstract, with reasons
Rayyan (n= 31)
(n=73)
g Full-text articles assessed Full-text articles excluded,
for eligibility with reasons
(n=42) (n=14)
3 Studies included in
3 quantitative synthesis
E (meta-analysis)
(n= 28)

Fig. 1. PRISMA flowchart of Data Extraction Process

3 Findings and Discussion

Themes derived from the selected articles are: GenAl Use in education, Benefits of
GenAl in education; Challenges of GenAl in education; and Policies on GenAl in
Education. In this section, each theme, sub-themes, and associated codes are presented
and discussed.

31 GenAl Use in Education

Themes derived from the selected articles are: GenAl Use in education, Benefits of
GenAl in education; Challenges of GenAl in education; and Policies on GenAl in
Education (see Fig. 2). In this section, each theme, sub-themes, and associated codes
are presented and discussed.

Scaffolding Learning. GenAl, which is being used across all educational levels,
facilitates scaffolded student learning using technology as a blueprint to analyse and
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build upon the chatbot’s output [47], resulting in reduced teacher intervention as
students' skills grow [7]. In preschools, GenAl can introduce concepts like pattern
recognition and decision-making in a playful way [18] and develop language skills
through toy robots to test reading comprehension and sentence repetition [48]. In
primary and high schools, GenAl tools like Microsoft Copilot are being used to pose
questions and encourage students to think critically about their reading or writing and
to teach programming by explaining snippets of code [19]. In primary, secondary and
tertiary settings, GenAl is also being used to support learning new and foreign
languages [19] and help students gain a deeper understanding of topics [19, 49].

Scaffolding
Learning

Content

Simplification
Virtual Tutoring |

GenAl Use in
Education

| Tertiary
Settings

Scaffolding
Learning

Scaffolding
Leaming

Croativity, Writing School School
& Research Tasks

Creativity, Writing
& Research Tasks

Content
Simplification

Scaffolding
Assessment Learning

| Creativity, Writing
& Research Tasks

Content
Simplification
Virtual Tutoring,

Assessment

Content
[ Simplification
Virtual Tutoring

— Assessment

Fig. 2. Summary of GenAl Use in Education, its context and associated codes.

Creativity, Writing and Research Tasks. GenAl models, which have the power to
assist students with creative, writing and research tasks, are being used across most
educational levels. Firstly, in primary and secondary schools, students are using GenAl
text prompts to generate and co-create images [17] and write stories [50-51]. Similarly,
in tertiary education GenAl image creation platforms, such as DALL-E, are being used
to teach art and design concepts [52]. Secondly, GenAl is being used to assist primary
and secondary school students in developing grammar, syntax and writing skills
[17,19], with tools like W-Pal teaching prewriting, drafting, and revising [53]. Within
tertiary education, while GenAl is also being used for basic writing tasks [26, 54-55],
its ability to introduce diverse research studies for student exploration [19], synthesise
large amounts of information, and assist researchers with analysing data and write up
findings [51-52] is noteworthy. Thirdly, GenAl is being used in secondary and tertiary
settings to encourage out of the box thinking [17] and brainstorm ideas for students'
writing [56].
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Content Simplification and Virtual Tutoring. Learning processes, which involve the
acquisition of knowledge and skills and the complex and multi-faceted processing of
information [57], are using GenAl across all levels of education. Firstly, for content
simplification, GenAl interfaces such as robots and interactive tools, are being used in
preschools to introduce and explain abstract concepts using age-appropriate content for
young learners [18]. In primary and high schools, GenAl is breaking down complex
topics into step-by-step explanations to make content easier for students to understand
[19]. Similarly, in tertiary settings, GenAl chatbots are being used to break down
scenarios to assist students in making appropriate contextual choices and applying
theoretical concepts [58].

Secondly, virtual tutors which use GenAl to offer personalised adaptive learning
(PAL) [55, 59] are being utilised to facilitate tailored learning environments and
identify individual learning gaps [7,16,55] across all educational levels. From preschool
to secondary schools, GenAl is being used to offer students multimedia versions of
knowledge to make content more accessible [22]. In primary and secondary schools,
GenAl virtual tutors, which sound human-like, are being used instead of human tutors
[53], while in tertiary education, GenAl tutors are being used to create personalised
learning plans and experiences based on individual student's needs [55-56, 60].

Assessment. Assessment, which involves evaluating student learning using various
methods to determine whether specific learning objectives or outcomes have been
achieved [61], is using GenAl at most educational levels. From primary school to
tertiary education, GenAl is being used to auto-generate mock assessments [7, 17, 62]
which are tailored so that students can learn at their own pace [19]. Additionally, GenAl
is being used to create comprehensive assessments to enable student growth [60].
Furthermore, GenAl is being used to mark and comment on students' assessments and
suggest corrective measures and extra practice materials to further their progress [17]
and provide students with immediate responses to questions or tasks [53] without
human intervention [7].

3.2 Benefits of GenAl Use in Education

Benefits of GenAl use across all levels of education [17] include more personalised
learning [60], improved access to knowledge [7, 60], enhanced knowledge acquisition
and creativity [19, 48, 50], and automation of and reduction of time for feedback [55,
63] (see Fig. 3).

Personalised Learning. A major benefit of GenAl is the ability to analyse vast
amounts of data which can then be used to tailor learning experiences to individual
student needs [7, 16, 55] and identify individual strengths and weaknesses to provide
targeted student support [7, 60]. In early childhood education, Al-powered tools can be
used to personalize learning experiences, accelerate literacy and promote cognitive
development [18, 48]. For primary and secondary school students, Al can provide
personalized feedback, support foundational skills, and help with more advanced topics
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like writing and grammar [17, 19]. At the tertiary level, GenAl offers students real-time
feedback, can be used to identify effective learning strategies, and boost language skills
and confidence for international students [17, 19, 59-60, 63].

- i
Simplification Learning
Knowledge
Acquisition &
Creativity
Preschool
Personalised Personalised
Learning : Benefits of Learning
Primary . Secondary
GenAl Use in
i School School
Accessibility & Education ility &
Simplification Simplification
Knowledge Tert!ary Knowledge
Acquisition & Settings Acquisition &
Creativity Creativity
N Personalised
Au;ﬂo-:dm:ol — Leamning Automation of
Feedback
L Accessibility &
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Knowledge
[ Acquisition &
Greativity
Automation of

Feedback

Fig. 3. Summary of Benefits of GenAl Use in Education, its context and associated codes.

Accessibility & Simplification. GenAl has the potential to significantly improve
accessibility in education as Al-powered distance learning is highly scalable and
affordable [22]. Furthermore, intelligent tutoring systems can automate and simplify
the creation of assessments, saving time and resources [22, 58]. In preschool settings,
Al-powered tools can assist learning disabled students and those with speech delays
through interactive play and automated speech therapy exercises [48]. Similarly, Al-
powered robots can enhance digital accessibility for young children by enabling more
intuitive interactions [18]. In primary, secondary and tertiary education, GenAl can be
used to simplify complex texts, making them more accessible to a wider range of
learners [17]. Moreover, the conversational nature of many Al models aligns with
everyday interactions, reducing the learning curve for all students [52, 63].

Knowledge Acquisition and Creativity. Jauhiainen and Guerra [17], use Bloom’s
taxonomy to show how GenAl can improve students’ knowledge acquisition by
tracking movement from basic understanding to analysis and application of complex
material. For example, educators at all levels can encourage critical thinking by
presenting design challenges that promote higher-order skills and allow students to
engage actively with Al [18,51]. In preschools, chatbots can be used to promote
students’ curiosity on a particular topic [19], while Al-powered toys can stimulate
creativity [48]. In primary schools, Al tools can assist students in generating images
and text [50, 52] to stimulate creativity and higher order thinking. In secondary and
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tertiary education, Al can be used to assist the creative writing process, reduce cognitive
load, and help students in organising their thoughts around a specific topic [52, 55, 63].

Automation of Feedback. GenAl can be used to provide immediate feedback and
responses [16, 55] for students at most levels of education [22]. In primary and
secondary schools, Ozer [59] claims teachers use GenAl to create interactive quizzes
which then provide students with immediate feedback on their responses [56]. Within
higher education, GenAl can be used to create chatbots that can analyse students'
discussions and deliver feedback [60]. Additionally, within this context, GenAl assists
in reducing marking time [25], ensuring consistent scoring of essays [53] and providing
instant feedback on students' writing [55, 59].

3.3  Challenges of GenAl Use in Education

Challenges and limitations of GenAl use within education include inherent biases of
data [25], privacy and depersonalisation of data [16, 22, 50], unequal access and
usability of technology [48, 52-53, 64], academic integrity or quality of work [59, 65],
and incorrect, inaccurate or misleading information [16, 25, 63] (see Fig. 4).
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Fig. 4. Summary of Challenges of GenAl Use in Education, its context and associated codes.

Inherent Bias of Data. According to Ghimire and Edwards [65] the algorithms used
to train Al machines are developed by people with their own biases who may
unintentionally insert these into the resulting GenAl tools [7, 26]. Additionally, the data
collected and used originates from internet resources which are inherently biased [16].
Ilieva et al. [66] claim, that GenAl is vulnerable to attacks as misleading data can be
intentionally used to manipulate GenAl's output. Consequently, GenAl tools, trained
on biased data, may produce unfair or discriminatory results and perpetuate social
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biases [58, 65], resulting in knowledge about minorities, such as small ethnic groups or
cultures, to be overlooked [19] across all levels of education.

Privacy and Depersonalisation Concerns. To effectively track progress using GenAl
tools requires the collection of vast amounts of data on individual students [22, 16, 50].
Akgun and Greenhow [22] contend that the accumulation and storage of personal data
introduces ethical concerns around surveillance and privacy of students' information
[65]. In addition, as there is no way of knowing whether students' personal data is being
stored and used responsibly, Yuskovych-Zhukovska et al. [7] claim that unforeseen
consequences such as using the data for monetisation, unsolicited personalised
advertising, and potentially giving students biased advice, are worrisome. Furthermore,
Yu [26] claims there are additional concerns, as GenAl use may negatively affect
interpersonal relationships within the classroom, particularly in preschool settings
where children are still developing their social skills [48]. Similarly in primary, high
and tertiary settings, Rane [16] argues that GenAl is not a substitute for good teaching
and teachers, and thus it is essential to achieve a balance between automation and
human interaction.

Unequal Access and Usability of Technology. Students require access to smartphones
or other electronic devices [53] in order to take advantage of the potential benefits that
GenAl tools offer, however unequal access to technology, particularly for students in
under-resourced areas, is a significant barrier [48, 67]. Additionally, Crompton et al.
[53] state that the design of some GenAl tools make them difficult for primary, high
and tertiary students to use. Examples include sentences from GenAl language learning
tools being too difficult for lower or intermediate level language learners [53], their
limited capability to interpret mathematical symbols and generate appropriate output
[64] and challenges in crafting effective prompts, especially for non-English speakers
[52].

Academic Integrity and Quality of Work. While GenAl can be used to scaffold
learning [68] and pose questions that require higher-order thinking [63], without
rigorous rules and guidelines, students who rely heavily and almost exclusively on Al
tools to read and analyse content [60] and complete their assignments [54], run the risk
of contravening academic integrity and plagiarism rules [56, 64]. For example, students
from primary to tertiary educational contexts may copy, paste, or paraphrase ChatGPT
generated content without explicitly stating this, which is a violation of academic
integrity [697]. Furthermore, Maita et al. [56] warn dependence on GenAl tools may
erode critical thinking skills, independent research and problem-solving abilities [19]
and reduce human-centered instruction as students seem to be unable to balance
spontaneous creativity with technology-assisted learning [49, 51, 58] and tend to leave
all their thinking and creativity to the GenAl tools [47]. Additionally, even though
GenAl tools mostly provides content at a suitable academic standard and offer students
a helpful starting point for academic work [54], Bahroun et al., [58] state that a major
drawback is that GenAl tools may generate similar ideas and focus on the same aspects
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of a topic, thus reducing the quality of the work and ultimately the creation and
generation of new knowledge [51].

Incorrect, Inaccurate or Misleading Information. GenAl models often produce
incorrect, inaccurate, or misleading information, a phenomenon known as "Al
hallucinations" [63], which mainly originates from biased training data or algorithmic
limitations [16, 25]. According to Ali et al. [50], Labadze et al. [25], this is a major
challenge as students across all levels of education struggle to distinguish between
accurate and inaccurate Al-generated content. Therefore, human oversight is critical in
verifying information and identifying potential biases, however achieving high
accuracy is costly and requires significant computational resources and access to large
datasets [66].

34 Policies on GenAl Use in Education

Policies on GenAl use across all levels of education include understanding policy gaps
[52, 60, 70] and the development of new policies [7, 19, 63, 69], and responsible GenAl
use [7,59] (see Fig. 5).
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Fig. 5. Summary of Policies on GenAl in Education, its context and associated codes.

Policy Gaps & Development. The rapid increase of GenAl use across all educational
levels, coupled with multiple challenges that exist [64], requires policies to be
developed which address ethical and privacy concerns, so that responsible GenAl use
is assured [60]. While some policies, such as the European Unions's (EU) three key
principles of legal compliance, ethical alignment, and sociotechnical robustness
currently exist [70], Chan and Hu [52] claim they have not kept pace with rapid tech
advances. According to Ogugua et al. [69], the lack of policies being developed to
govern GenAl use has not only led to various secondary and tertiary educational
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institutions banning or restricting the use GenAl platforms but has also resulted in
educators struggling to discern whether students are submitting their own or Al-
generated work [25-26].

In response, Yuskovych-Zhukovska et al. [7] claim that key stakeholders in
education, such as government and industry, should develop international, national and
corporate standards for GenAl use within education. De Silva et al. [63] propose that
policies must address the popular uses of GenAl tools i.e., chat, answering multiple
choice questions, and answering open-ended questions, so that they can offer guidance
on what constitutes plagiarism [59, 65], the nature of intellectual property [64], what is
meant by data violations [55] and unethical behaviour [70]. Furthermore, Kasneci et al.
[19] state that policies governing GenAl use within education also need to be more
granular, as the needs of specific educators and students need to be considered.
Additionally, course outlines must incorporate clear guidance on GenAl usage [49],
and assessment methods should limit cheating by assessing critical content differently
[54, 56].

Responsible GenAI Use. Responsible use of GenAl within educational contexts
requires human intervention to ensure ethical, fair, and transparent use to promote
accountability and safeguard privacy [7, 59] so that educators can support and guide
students [16]. For example, to mitigate the inherent biases in GenAl tools, it is essential
for educators to use diverse training data [19], to constantly monitor and implement
fairness measures [18], and employ bias-correction techniques [64] to ensure
transparency [58]. In pre and primary schools, educators should lead discussions on
recognizing and addressing hidden biases [19, 64, 70] to foster an inclusive
environment that promotes student connection [18], while in tertiary institutions
targeted training for students and faculty is needed to address GenAl knowledge and
skill gaps [55, 64, 66]. Regarding copyright issues within secondary and tertiary
educational contexts, Kasneci et al. [19] recommend that students seek permission from
original content creators for model training data and adhere to open-source licensing
terms [60] to ensure responsible GenAl use.

4 Conclusion

This paper explored GenAl use across different levels of education and the related
benefits, challenges and policy gaps and development needed, highlighting the unique
needs and challenges at each level. Findings indicate that even though GenAl is being
used across all educational levels to scaffold learning and simplify content, preschools
are more limited in their extent of GenAl tools being used as formal assessment, writing
skills and research tasks are not a focus at this level of education. Similarly, while most
benefits of GenAl such as personalised learning, greater accessibility for students,
improved knowledge acquisition and creativity appear to be universal across all levels,
automation of feedback is not relevant at the preschool level. So too, even though
challenges of inherent bias of data, privacy and depersonalisation, unequal access, and
incorrect or misleading information are common to all levels, lack of academic integrity
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and reduced quality of work are not concerns for early childhood education. In regard
policies, findings indicate there are major gaps in current policies and guidelines
governing GenAl use from primary to tertiary educational contexts. Furthermore,
training and skills development for GenAl is also lacking and copyright of GenAl
content needs to be better understood. As GenAl use becomes more pervasive within
educational contexts, it is critical that challenges are addressed, and further policies and
guidelines are developed to ensure sustainable, responsible and effective GenAl use
across all educational levels, specifically from primary to tertiary contexts.

As the review was conducted between July and October 2024, papers published after
this date have not been included. Recommendations for future research include
focussing on different geographic contexts, as challenges and benefits within different
countries may differ. Secondly, as using GenAl tools continues to increase, studies into
specific GenAl tools at different levels may be beneficial. Lastly, as GenAl becomes
commonplace within industry, research on understanding how and why GenAl use
differs between these contexts, is essential to equip students for the future workplace.

Disclosure of Interests. The authors have no competing interests to declare that are relevant to
the content of this article.
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Abstract. This paper is placed against the background of innovation in Computer
Science (CS), Information Science (IS), and Information Technology (IT) edu-
cation in terms of navigating the next frontier. By using an automated grading
system, an Information and Communication Technology (ICT) course is navi-
gating the next frontier in assessment. A large contingent of programming stu-
dents at Comprehensive Open Distance e-Learning (CODeL) institutions and
time constraints have always impeded the way programming courses are as-
sessed. Grading programming assessments can be time-consuming as the grading
must be done by a person. Human graders with specialized skills are required to
grade programming assessments and they often spend a lot of time reviewing and
understanding the code. This results in delays in providing feedback, which can
be potentially biased or subjective, thus hampering the learning process. Auto-
mated grading systems can help alleviate this issue to some extent. This paper
will investigate and report on the use of the CodeGrade automated grading sys-
tem that was adopted in a first-year programming course to assist students in im-
proving their coding skills. Programming instructors and the e-learning commu-
nity in general will have the opportunity to decide to which extent they can use
the automated grading system discussed in their particular setting based on the
experiences presented in this paper.

Keywords: Innovation, Information Communication Technology Education.

1 Introduction

Graders that use traditional manual grading face the difficult challenge of grading large
volumes of assessments in a short period of time. This can result in inconsistent and
inaccurate assessment feedback, and providing each student with individualized feed-
back can also be difficult for graders. This had always resulted in programming courses
limiting the number of coding assessments required for submission [1]. By using algo-
rithms to grade programming assignments swiftly and accurately, automated grading
offers a remedy. This paper will explore the adoption of the CodeGrade [2] Automated
Grading System (AGS) in a first-year programming course at a comprehensive open
distance e-learning institution [3] to assist students in improving their coding.
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The learning objectives of the course discussed in this paper state that students will
use the course as an introduction to object-oriented programming in the context of gain-
ing the knowledge, skills, and values necessary to develop a working computer-based
program and to incorporate interactive functionality into the program using JavaScript
[4]. Students are equipped to think conceptually to recognize the design rules, tech-
niques, and components to compose solutions to a real-world example. Through the
design and development of functional computer-based programs, qualified students can
express their creativity and ability to think logically to the benefit of society.

To ensure that students are being evaluated on the abilities and knowledge they are
supposed to acquire, assessments must be in line with the learning objectives and out-
comes of the course [5]. Real-world programming scenarios must be incorporated, to
help students develop practical programming skills and prepare them for real-world
challenges. Instead of merely looking at students’ final output or results, their code must
be assessed to determine their ability to write clean, effective, and efficient code.

Examining a student’s ability to apply programming principles and techniques to
actual situations is done through practical programming assessments. These assess-
ments can be mapped onto Bloom’s taxonomy [6], a system for dividing educational
goals into categories based on the degree of cognitive complexity [7]. These types of
assessments require students to recall programming concepts and syntax, demonstrate
an understanding of the concepts and their applications, apply their skills to real-world
problems, analyse problems and evaluate different solutions, make informed judg-
ments, and create original programming solutions to real-world problems to complete
tasks.

The course uses continuous assessment, which entails monitoring students’ perfor-
mance during the instructional period rather than relying exclusively on a final exami-
nation or assessment. It provides students with regular feedback on their progress,
which helps them identify areas where they need to improve and to adjust their learning
strategies accordingly. In programming, where students must modify their code to reach
the desired outcome, this feedback is crucial [8]. Continuous assessment assists stu-
dents in achieving mastery of programming concepts and skills by providing them with
ongoing opportunities to apply and practice what they have learned. As a result, stu-
dents gain self-assurance, develop a deeper comprehension of programming concepts
and skills, which frequently require building on existing knowledge, as well as improve
their problem-solving abilities. Continuous assessment can reduce stress for students
by spreading out the evaluation of their performance over time. This can help students
feel more relaxed and confident throughout the course, which can lead to better learning
outcomes.

Automated grading of assessments in programming can improve teaching and learn-
ing by providing immediate feedback, objective assessment, increased efficiency, adap-
tive learning, and consistent assessment. By using educational technologies like vod-
casts [9] to take the experience of teaching and learning programming beyond the cur-
rent horizon [10], lecturers can help students develop the skills and knowledge they
need to succeed in the field of programming. The immediate feedback to students al-
lows them to identify and correct mistakes more quickly. It provides objective assess-
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ments of students’ performance, removing the potential for bias or subjectivity in grad-
ing. This helps ensure that all students are evaluated fairly and accurately. It saves lec-
turers’ time and resources, allowing them to focus on other aspects of teaching and
learning.

“Machine learning methods can be used” for reducing the manual workload for lec-
turers in short answer and/or examination grading. Using machine learning makes pro-
gramming courses more scalable and accessible, as well as making “it possible for
teachers to spend more time on other tasks.” Weegar and Idestam-Almquist [11, p. 1]
investigated this field.

Automated grading assessments [12] can also enable adaptive learning, allowing
students to receive personalized feedback and instruction based on their individual
strengths and weaknesses. It assists in ensuring that all students are evaluated consist-
ently and according to the same criteria, helping students receive high-quality education
and preparing them for real-world programming challenges. It is important to note that
while automated grading systems offer numerous advantages, they may not be suitable
for assessing certain aspects of programming, such as code design or creativity. In such
cases, a combination of automated and human grading may be employed to provide a
comprehensive evaluation.

The course had four automated grading coding assessments that contributed 10%
each to the students’ final result. For each of the coding assessments, students were
provided with the HTML and CSS code related to the specific assessment. The students
were then given specific, step-by-step instructions to follow to complete the JavaScript
code. On completion of the assessment, the student had to create a .zip file containing
the HTML, CSS, and JavaScript code and submit the .zip file via the CodeGrade activ-
ity in the course site on the Learning Management System (LMS).

Practical programming assessments can have a significant impact on cognitive load
and constructivism learning theories. When a programming assessment is designed to
be practical and hands-on, it can help reduce cognitive load by providing a more con-
crete and tangible learning experience. By working with real-world programming prob-
lems, students can more easily understand how concepts and theories are applied in
practice. Practical programming assessments can support constructivist learning by
providing students with opportunities to apply their knowledge and skills in a real-
world context [13]. This helps to reinforce their understanding of programming con-
cepts and theories and to build their problem-solving skills. In summary, practical pro-
gramming assessments can help reduce cognitive load and support constructivism
learning by providing students with hands-on, real-world programming experience.
This can lead to a more effective and meaningful learning experience, which can help
students retain and apply their knowledge and skills more effectively.

The grading of code in programming courses with large student numbers is time
consuming and may influence the way in which these courses’ assessment strategies
are determined. This is especially true at distance e-learning institutions where turna-
round time for feedback is limited. In many cases, the LMS [14] may influence the
format in which the code for the programming assessments is submitted. This leads to
ineffective assessment practices and increased workload for graders.
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The final project-based assessment [15], [16] that contributed 30% towards the final
mark was also submitted via CodeGrade, but was graded manually using the automated
grading system. For this project, students had to obtain permission from a driving
school in their area to develop a website using their information. Specific JavaScript
requirements had to be added to the website to provide interactivity to the site. Code-
Grade allows the grader to render and test the code while displaying the marking rubric.

2 Literature review

Utilizing CodeGrade to build an introductory web programming course, Huusko [17,
p. 2] investigated “what tools Cypress and CodeGrade” had to offer. Although “some
of the students liked using CodeGrade,” not everyone was positive “towards Code-
Grade and speeding up the testing process.”

Accelerating accurate assignment authoring using solution-generated autograders,
the paper by Challen and Nordick [18, p. 227] indicated that students “learning to pro-
gram benefit from access to large numbers of practice problems. Autograders are com-
monly used to support programming questions”.

“When students take introductory programming courses in university, they often
need to” set up a development environment, which enables code execution. The paper
by Angeli, De Menego, and Marchese [19, p. 53] provided the design considerations
and field tests for interactive code playgrounds when embedding executable code in
programming slideshows.

Against a background similar to that of the course examined in this paper, Gordillo
[20, p. 1] examined “the effect of using an instructor-centred tool for” the “automatic
assessment of student programming assignments on students’ perceptions and perfor-
mance in a web development course at a higher education institution.” Students’ per-
ceptions of e-assessment in the context of COVID-19 from the case of the University
of South Africa were provided in the paper by Van Heerden and Goosen [21].

According to Hadijah, Isnarto, and Walid [22, p. 712], real facts at school level
showed “that the ability to solve problems is still considered” to be “low. Most students
still make many mistakes in” the solutions of mathematics problems.

Programming assessments with automated grading have drawn a lot of interest due
to their potential to improve the teaching and learning process. Automated grading sys-
tems have the potential to completely transform education by giving students immedi-
ate feedback, guaranteeing impartiality in assessments, saving lecturers’ time, person-
alizing learning experiences, and maintaining grading consistency [20] - [23].

“Unified modelling language (UML) is the accepted standard and modelling lan-
guage for” modelling in software development process. Modi, Taher and Mahmud [23,
p- 189] therefore suggested a tool to automate student UML diagram evaluation.

The research reported on by Qoiriah, Harimurti and Nurhidayat [24, p. 421] “dis-
cussed how the results of the assessment of the automatic programming assessment tool
used” for clustering students based on their computer programming performance
through the application of the k-means algorithm.
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Providing students with immediate feedback on their assessments is one of the main
advantages of automated grading. With the help of this immediate feedback system,
students may quickly recognize their mistakes, make the necessary corrections, and
effectively increase their comprehension of programming principles [25], [26]. Addi-
tionally, automated methods provide impartial evaluation by removing any biases that
might exist in manual grading procedures, guaranteeing fair assessment for every stu-
dent [27], [28].

“With the expansion of computer science (CS) education, CS teachers in K-12
schools should be cognizant of student misconceptions and be prepared to help students
establish accurate understanding of computer science and programming.” Qian and
Lehman [25, p. 1] used a data-driven approach towards targeted feedback to address
common student misconceptions in introductory programming.

One of the sections in Demaidi, Qamhieh and Afeefi [26, p. 156825] illustrated “sig-
nificant experiences in integrating blended learning in higher education in general, and
in particular in computer- related courses.” According to Demaidi, et al. [26, p.
156826], “the experimental study carried out in” that research was used “to examine
the effect of applying blended learning in” programming courses.

The paper by Zamprogno, Holmes, and Baniassad [27, p. 2] contributed to “a dis-
cussion of mechanisms for nudging student” responses to learning strategies using
formative “feedback delivered by automatic grading systems, an approach and evalua-
tion of outcome-oriented feedback for multiple choice software engineering” examina-
tions, “and an approach and evaluation of outcome-oriented feedback for programming
assignments” and assessments.

“Regression verification is a form of software verification based on formal static
analysis of code, which is used, since recently, in several domains.” Vujosevi¢-Janici¢
and Mari¢ [28, p. 205] used regression verification for the automated evaluation of stu-
dents’ programs.

Sun, Frederick, Liron, Ding and Gu [29] presented a workshop on getting rid of
students’ fear and intimidation of learning a programming language, which examined
the effectiveness of using and applying Second Language Acquisition (SLA) to teach
introductory programming using a Blended Learning environment (aBLe) for program-
ming languages (SLA-aBLe) that is “increasingly popular in course frameworks.”

Apart from providing instant feedback and impartial evaluation, assessments with
automated grading improve productivity in the classroom. These tools can process a
high volume of assignments rapidly, saving lecturers critical time that they can use to
provide each student with individualized attention [30]. Lecturers can concentrate on
more strategic facets of teaching, including creating engaging lesson plans and attend-
ing to the requirements of each individual student by automating the grading process.

Automated assessment had “been shown to greatly simplify the process of assessing
students’ programs. However, manual assessment still offers benefits to both students
and tutors.” The paper by Clegg, Villa-Uriol, McMinn and Fraser [30, p. 60] considered
Gradeer, an open-source modular hybrid grader.

Messer, Brown, Kolling and Shi [31, p. 1] “conducted a systematic literature review
on automated grading and feedback tools for programming education.”
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Assessments with automated grading assist adaptive learning by providing feedback
that is customized to each student’s needs. These tools enable more individualized
learning by analysing student performance data and provide tailored feedback to over-
come common misconceptions or learning gaps. Automated systems can assist students
improve their learning strategies and advance their programming abilities by providing
them with adaptive feedback [22].

One more significant benefit of automated grading systems is consistency in assess-
ment. According to Gordillo [20], these approaches guarantee that every student is as-
sessed using the same standards, resulting in uniform and equitable grading procedures.
Automated grading assessments improve overall educational quality by preserving as-
sessment regularity, which strengthens the validity and reliability of the evaluation
process.

One notable system that stands out in the realm of grading JavaScript programming
assessments is CodeGrade. CodeGrade is an advanced automated grading system that
simplifies the assessment of programming assignments and gives students timely, reli-
able feedback [32]. This system classifies responses using machine learning models
and offers comprehensive feedback on whether the code is correct [33]. CodeGrade
ensures a more effective assessment procedure by automating the grading process,
which considerably reduces the amount of work associated with manually grading pro-
gramming activities [11].

Automated grading systems “for programming assignments is becoming more and
more important nowadays especially with the emergence of” Massive Open Online
Courses (MOOQOCs). Aldriye, Alkhalaf and Alkhalaf [32, p. 215] provided a literature
review in this regard.

Lui, Ng and Cheung [33, p. 266] described a framework for effectively utilizing
human grading input in automated short answer grading. “Short answer questions are
effective for recall knowledge assessment.” However, grading a large number of short
answers can be costly and time consuming.

JavaScript programming tests are not the only tasks that the automated grading ca-
pabilities of CodeGrade can handle. It is a flexible tool for lecturers, capable of handling
a wide range of programming assignments, including those in computer science domain
[32]. The system’s capacity to offer thorough feedback on the accuracy and quality of
the code is in line with automated grading systems’ overarching objective of strength-
ening the evaluation procedure and raising student learning outcomes [34].

Exploring the validity of continuous assessment in a first-year programming course
at a comprehensive open distance e-learning university [35], the paper by van Heerden
and Serote [34, p. 341] indicated that “assessments are commonly used to determine
students’ level of understanding to implement measures to address any shortcomings.”

The functionality of CodeGrade is improved by its interaction with automated test-
ing tools such as CodeClusters, which enable a thorough assessment of programming
patterns and make it easier to provide students with customized feedback [36]. This
integration demonstrates the system’s commitment to helping with the entire learning
process by providing insights into programming best practices, in addition to grading
assignments.
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According to the paper presented by Koivisto and Hellas [36, p. 1], most introduc-
tory programming courses these days “rely on the use of automated assessment for
grading programming assignments” and effectively providing feedback on code sub-
missions by evaluating code-clusters.

Programming assessments with automated grading have many advantages that can
greatly enhance teaching and learning results. Through the provision of prompt feed-
back, objective assessment, enhanced efficiency, support for adaptive learning [37],
and consistent evaluation, these systems possess the capacity to revolutionize the edu-
cational landscape and augment the learning experience for educators and learners
alike. When it comes to assessing JavaScript programming assessments, CodeGrade is
a powerful automated grading system. Its use of machine learning models and capacity
to offer comprehensive feedback make it an invaluable resource for lecturers aiming to
improve student learning and expedite the grading process.

In a lot of novice courses, the main focus is on aspects like programming style. As a
compromise, the paper by Ahoniemi and Reinikainen [38, p. 139] described how the
latter authors used ALOHA, a grading tool for the semi-automatic assessment of mass
programming courses. This usually required “the mass course to use multiple graders”.

“In recent years, many students in higher education” had “begun to learn program-
ming languages. In doing so they will complete a variety of programming tasks of var-
ying degrees of complexity.” The article by Buyrukoglu, Batmaz and Lock [39, p. 733]
was aimed at improving marking efficiency for longer programming solutions based
on a semi-automated assessment approach.

e-Learning environment tools to address online and open distance education context
challenges were discussed in the conference paper by Goosen and Van Heerden [4].

“Researchers and educators are concerned about student success in tertiary program-
ming courses, a situation that is even more pronounced in open and distance e-learning
institutions. The aim of” the study reported on by van Heerden and Kriek [40, p. 830]
was to investigate the influence of integrating 60 video lessons in an online introductory
programming course and comparing passing students with those that fail “in terms of
their performance in JavaScript with three broad online learning factors: course clarity,
student connectedness, and task relevance.”

The paper by Sarsa, Denny, Hellas and Leinonen [41, p. 27] explored the automatic
“natural language generation capabilities of large language models with application to
the production of two types of learning resources common in programming courses”:
programming exercises and code explanations.

Hellas, Leinonen, and Leppénen [42, p. 46] provided students with “access to a state-
of-the-art large language model (LLM) chatbot through the online materials of three
university-level courses. One of the courses focused on” students’ experiences when
integrating large language model chatbots into the classroom.

Evaluating contextually personalized programming exercises created with genera-
tive Al the paper by Logacheva, Hellas, Prather, Sarsa and Leinonen [43, p. 95] indi-
cated that programming “skills are typically developed through completing various
hands-on exercises. Such programming problems can be contextualized to students’
interests”.

Large language models (LLMs) had “shown great potential for the automatic
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generation of feedback in a wide range of computing contexts. However, concerns” had
been raised on whether open-source language models can provide feedback.
Koutcheme et al. [44, p. 51] were evaluating LLMs’ ability to help students using GPT-
4-As-A-Judge.

“Grasping complex computing concepts often poses a challenge for students who
struggle to anchor these new ideas to familiar experiences and understandings. To help
with this,” another paper by Bernstein et al. [45, p. 122] in the proceedings mentioned
in the previous paragraph(s) was analysing recursion analogies generated by CS stu-
dents using large language models.

The paper by Poulsen, et al. [46, p. 1063] in the proceedings of the 55th ACM Tech-
nical Symposium on Computer Science Education indicated that large language models
had “recently taken many fields, including computer science, by storm. Most recent
work on LLMs in computing education” had shown that these can be used for solving
proof block problems using large language models.

Another paper by Sheard et al. [47, p. 1223] in the proceedings mentioned in the
previous paragraph presented a multi-institutional interview study on instructor percep-
tions of Artificial Intelligence (Al) code generation tools. “Much of the recent work
investigating large language models and AI” code generation tools in computing edu-
cation had focused on assessing the capabilities of these for solving typical problems.”

Computing education in the era of generative Al is not an easy field to practice
within, according to Denny et al. [48].

“Identifying and resolving logic errors can be one of the most frustrating challenges
for” novice programmers. MacNeil et al. [49, p. 11] therefore described a comparative
study on bug detection by students and large language models.

3 Background

CodeGrade was implemented as the automated grading system to grade the practical
programming assessments. Web user interfaces in CodeGrade are automatically as-
sessed using Jest [50] and Selenium [51]. The code is tested using the specific require-
ments as set out in a rubric. Giving students feedback involves comparing their pro-
vided code with the needed code and ensuring the JavaScript code executes correctly.
Feedback provided allows students to make the necessary modifications to their code.
Students are permitted three submissions, with the last submission’s grade recorded.

CodeGrade is a web application for coding assignments that the students access
through the university’s learning management system. Once they have accessed Code-
Grade through the LMS, the students submit their assignment via the file uploader.

As soon as the student uploads their .zip file, automatic tests run on the code via
CodeGrade’s cloud environment. Students are assigned a dedicated Virtual Machine
(VM) that runs on Ubuntu. The tests that run are configured by the lecturer in Code-
Grade’s teacher web interface. The VM executes the testing and the student is presented
with a graphical web interface showing a summary of the test results. The summary,
according to the lecturer’s configuration, can include granular details about which code
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lines produced errors or unexpected output. The lecturer can also configure custom
messages to be displayed to the students depending on which tests fail or succeed.

The different tests are grouped into rubric categories that reflect either different sec-
tions of an assignment, or different requirements, such as code functionality, structure
and code quality. The overall process allows a student to go through the cycle of sub-
mitting, then receiving feedback and continuing the assignment in minutes.

3.1  The assignment

In this specific scenario, students were tasked to develop web user interfaces. The stu-
dents were required to submit HTML, CSS and JavaScript files. These correspond to
the structure, display and functionality of a webpage and each of them was automati-
cally tested. Which files must be included in a submission can be dictated using hand-
in requirements.

For automatically testing structure and functionality, Jest was used in combination
with Selenium in CodeGrade (see Fig. 1). Jest [50] is a popular JavaScript unit testing
framework, while Selenium [51] is an open-source automation testing tool, available in
several programming languages, that automates web browsers. In particular, Selenium
makes it possible to interact directly with the browsers through testing scripts. In this
way, it is possible to test whether a student’s HTML file contains the required elements
and perform actions on the webpage, such as clicking links, to test whether the func-
tionality of the webpage is as expected.

test("[2] Check the correctness of the hyperlinks.™, async
const table = await getTable
const tbhody await findElement(table, By.css("tbody"
const trows = await findElements(tbody, By.css("tr"
expect(trows.length).toBe(1@
for (let 1 = ©®; i < trows.length; i
const row_data await findElements(trows[i By.css("td"
expect(row_data.length).toBeGreaterThan(@
movie_data row_datal@

hyperlink await movie_data. findElement(By.css("a
href await hyperlink.getAttribute("href"
expect(href).toBeDefined

expect(href).toBe(links[i

Fig. 1. Example of a Jest+Selenium test to find elements and check if they are correct.

For testing the visual layout of the webpage, a different approach was necessary. While
it is generally possible to test the CSS properties of web elements with Selenium, as the
CodeGrade autograder runs with headless browsers, this can result in web pages using
different CSS rules than expected with a standard browser.

An alternative is to directly test the code structure of the CSS file using Semgrep
[52], an open-source static analysis tool. With Semgrep, one can define flexible and
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granular rules that check for code patterns in a file, making it possible to test whether
the students’ files include the rules required by the teacher.

Within CodeGrade (see Fig. 1), it is easy to set up these two different test types.
Within the automatic grader configurator, CodeGrade uses a block-based interface to
create tests. As a teacher, one drags and drops in the tests one wants to run on a student’s
code and how (see Fig. 2). Furthermore, one can set weights and connect these tests to
a rubric category, to automatically assign a grade based on whether the tests pass or
fail. For the Jest+Selenium tests, the Custom Test block was used in combination with
a custom Python wrapper script that automatically runs Selenium and Jest with the cor-
rect test file that was uploaded to the CodeGrade automatic grader. For the Semgrep
tests, an IO test block was used with a custom Python wrapper script to execute
Semgrep with the desired CSS pattern.

@ 2% Setup 3= Tests D Snapshots

SEE PUBLISHED SNAPSHOT CREATED ON 2023-04-05 10:42 TO STUDENTS &7

4
§

® Hidel | conig - always - e o

1 # Write your bash script here.
2 #1s SUPLOADED_FILES/
3 cp —r $UPLOADED_FILES/+ .

AT

[

Pytest

& Timeout Each ‘

1 # Write your bash script here, output the score in a JSON object to structured output (file descriptor 3).
2 # For example: echo '{ "tag": "points”, “points": "1/3" }' »&3

3 python3 custom_jest.py Sanity ungraded

4

1 # Run the bash script and check the match blocks.
2 python3 structure.py project@3-3.html
3

T

include whitespaces ~

<scrint sre=tFILFNAME defer=</scrint> Faund!

BUILD SNAPSHOT

Fig. 2. CodeGrade configuration interface for the automatic grader.

Although CodeGrade is fully integrated into the Moodle LMS, the assessment results
are not always captured correctly from CodeGrade to the Moodle Gradebook. The re-
sults for the practical programming assessments are also not harvested from the Moodle
Gradebook to the official assessment system. The lecturer must download the results
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file from CodeGrade (see Fig. 3), format it to a .csv file, and send the file to the Infor-
mation, Communication, and Technology (ICT) Department of the university to be cap-
tured in the official assessment system.

© Test for test submission 19s

Implementation - base HTML

> (@ Ungraded sanity check 4s

project03-03.js correctly added to project03-03.html and loading is defered until after the

> 1of 1
© page is fully loaded.
> & No table content added directly in the .html file 1of 1
y @ Check that your .js file imports the HTML code through the innerHTML attribute of the S
variable named "tableBody" ‘
Implementation - Javascript to create table content
v (@ jestfunctionality tests 1of 1 4s

» More informatior
1. running-test:--functionality
Test Summary:

[1] Test the functionality : Check that the table body has the correct structure : 10 rows and 3
table data each row.

@ (2] Test the functionality : Check the correctness of the hyperlinks.

[2] Test the functionality: -Check-that-the-table contains the correct data.

. Achieved 5-out-of 5-points.

Errors-Report:

Fig. 3. CodeGrade output for students. Students see whether tests pass or fail and why.

4 Results

For the auto graded assessments, students were allowed three submissions and for each
submission, the corresponding grade was recorded. After each submission attempt, stu-
dents were able to see the output of the tests and were able to make improvements and
corrections to their code based on the output of the automatic grader. As all students
are required to submit the exact same code, the assessment has low validity and authen-
ticity with a high possibility of dishonesty.

Table 1 provides a summary of the number of submissions and resubmissions for the
four applicable assessments. The original number of submissions for assessments go
down as time goes by, as the number of registered students usually decline over the
course of the presentation of the course. The percentage of both first and second resub-
missions, however, increases as students realize that they can improve their marks by
resubmitting.
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Table 1. Number of submissions and resubmissions.

153

Assessment Submission 1 Resubmission 1 Resubmission 2
3 263 84 (32%) 32 (12%)
7 249 120 (48%) 52 (21%)
11 235 114 (49%) 52 (22%)
15 223 131 (59%) 77 (35%)

For the average results of students, who submitted more than once, can be seen in
Table 2. The average results of students, who submitted more than once, consistently
went up across each of the assignments, from an average of 37% for the first submission
to 44% for the first resubmission to 71% for the second resubmission. The average
grade for all submissions is displayed in Table 3 and declines consistently across the
four assignments.

Table 2. Average results of students who submitted more than once.

Assessment Submission 1 Resubmission 1 Resubmission 2
3 36% 42% 76%
7 35% 43% 70%
11 40% 46% 73%
15 37% 46% 67%

Table 3. Average grade for all submissions.

Assessment Average grade for all submissions
3 79%
7 77%
11 74%
15 71%

In terms of changes [53] in results on resubmission (see Table 4), when taking the av-
erage for each column, an average of only 3% of students’ marks went down on resub-
mission, an average of almost a third (32%) of students’ marks stayed the same and an
average of almost two-thirds (65%) of students’ marks went up on resubmission.

Table 4. Change in results on resubmission.

Assessment Down Same Up

3 4% 25% 1%
7 5% 36% 59%
11 1% 31% 68%
15 3% 35% 62%
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5 Conclusion and Future Work

The paper by Sun, et al. [54, p. 10] “presented a two-year study of the SLA-aBLe pro-
ject that was implemented in two institutions. The study tested the hypothesis that”
applying cognitive frameworks in a second language acquisition approach “in the de-
velopment of a blended learning experience” and environment “for a programming lan-
guage can improve engagement and the learning experience” towards motivating stu-
dents to learn a programming language.

In response to the journal article by Van Heerden and Goosen [55] asking questions
around the future of information and communication technology courses, as part of a
book on architecting the digital future, the latest chapter by the authors [56] described
using online meetings and recordings for support across mobile platforms, designs, and
applications for Web3 towards reducing students’ cognitive load.

The specific context of using CodeGrade in a large-scale, distance learning environ-
ment is an important contribution, as it adds to the body of work in this domain.
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Abstract Rising student enrolments at tertiary institutions are creating
significant grading bottlenecks. Educators are struggling to manage in-
creasing workloads, resulting in an inability to provide personalised feed-
back. This issue is particularly pronounced in universities constrained by
budgetary limitations. This study investigates the use of artificial intel-
ligence, specifically large language models, for the automated grading of
first-year HTML and CSS assignments. The study employed a two-phase
approach. The first phase focused on developing an automated grading
pipeline utilising advanced AI techniques, including Tool Use, Multi-
Agent Collaboration, and Prompt Engineering. In the second phase, we
compared API-inference and local-inference large language models using
a dataset of 30 assignments, in terms of processing time, computational
cost, and accuracy to determine their suitability in providing person-
alised feedback. Our findings demonstrate that API-inference models,
specifically ChatGPT, outperform others likely due to large-scale infra-
structure, large, diverse datasets, and advanced reasoning capabilities.
This research highlights ChatGPT-40-mini as the most effective model
for providing scalable and cost-effective grading solutions in educational
settings. If implemented, such systems could significantly reduce grading
workloads and improve educational outcomes, especially at institutions
with limited budgets.

Keywords: Automated Assessment - Natural Language Processing -
Large Language Models - Programming Assignment - Higher Education
Solutions

1 Introduction

Tertiary institutions face a multitude of challenges in the digital age. The number
of students enrolled in programming courses has grown exponentially, making
it difficult for educators to manage increasing workloads. Compounding these
challenges are budgetary limitations, resulting in fewer resources available for
grading, this, in turn adds to the workload of teaching staff. Automated grading
tools have emerged as a feasible means to address these challenges. Generative
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Artificial Intelligence (GenAl) offers a promising solution for delivering mean-
ingful and accurate feedback at scale [13]. Researchers have demonstrated the
viability of using GenAlI to generate grades, significantly reducing human effort
while maintaining or even improving accuracy [13,8].

However, existing studies primarily focus on general-purpose programming
languages such as Python and Java, with limited research leveraging LLMs for
assessing web development assignments, particularly in HTML and CSS. The
study addresses this gap by evaluating the effectiveness of LLMs for grading
introductory web development courses.

This paper investigates the use of automated grading tools leveraging LLMs
to grade and provide personalised feedback on introductory HTML and CSS
assignments at a South African university.

We compare ChatGPT-3.5-turbo [11] against various LLMs. These models
include ChatGPT-40 [11], ChatGPT-40-mini [11], Llama-3 [9], Claude-3-Sonnet
[1], Claude-3-Haiku [1], Claude-3.5-Sonnet [1], Claude-3-Opus [1], and Google's
Gemma-7B [4]. These models were among the most advanced models available
at the time of the study, conducted during the second half of 2024.

Our research aims to determine their performance across various metrics,
including computational cost, processing time and accuracy.

2 Background

Universities worldwide are facing increasing enrolments in programming courses,
leading to grading bottlenecks [23]. This study focuses on a South African uni-
versity as a case study. Within this university, the relevant department plays a
crucial role in addressing the country's growing demand for skilled software de-
velopers. However, rising student enrolments and budget constraints have made
it increasingly difficult for the department to maintain its high standards in
preparing graduates for professional careers locally and abroad.

We identified an introductory HTML and CSS module for first-year students
as the focus of this study. Student enrolment for this module has increased
from 80 students in 2022 to 204 students in 2024. Despite this nearly threefold
increase, the number of available teaching resources has remained unchanged.
This has made it nearly impossible to manually grade coding assignments while
providing meaningful, formative feedback aligned with Assessment for Learning
(AFL) principles. AFL is an educational approach that uses formative assessment
to provide ongoing feedback, helping students identify areas for improvement and
guiding their learning process [2].

The growing workload has created a bottleneck in grading and feedback,
as instructors must evaluate a significantly larger volume of assignments with
limited capacity. As a result, the depth and timeliness of feedback have been
severely compromised, and personalised feedback, which was routinely provided
in the past, is now rarely feasible.

Compounding this challenge, institutional budget cuts have further restricted
the department's ability to hire additional teaching assistants or invest in ad-
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vanced grading solutions, placing additional strain on already limited resources.
The current manual grading method is time-consuming and labour-intensive
[13,8]. Staff members must carefully review each submission, checking syntax,
validating design requirements, and crafting tailored feedback. This challenge is
particularly pronounced in large modules, such as the one in this study, which has
over 204 students, each submitting multiple assignments and tests per semester.

As a result, backlogs of ungraded assignments have accumulated, signific-
antly delaying the delivery of targeted, actionable feedback which is central to
AFL. Without immediate and meaningful feedback, students struggle to identify
and correct their mistakes, ultimately hindering their learning progress and pre-
paredness for the workforce.

To address these issues, literature suggests leveraging LLMs to automate
grading and generate personalised feedback, streamlining the process and im-
proving efficiency and educational outcomes. The next section examines the
proposed solutions in detail.

3 Related Research

Recent advancements in GenAl have significantly transformed grading method-
ologies, with LLMs increasingly being utilised to generate feedback and assess
student submissions [8,10,13].

Tobler [13] developed a web-based grading tool designed to evaluate text-
based student responses. The system processed grading instructions, sample
solutions, and student submissions to reduce manual grading efforts while ensur-
ing consistent and timely feedback. However, Tobler identified a key limitation
in the system's ability to accurately assess complex or nested questions, particu-
larly when question phrasing was ambiguous or sample solutions lacked sufficient
detail. The study suggested that future research should explore the integration
of more advanced LLMs with reduced hallucinations and improved factual cor-
rectness.

Nilsson and Tuvstedt [10] introduced a GPT-4-based grading framework for
Java programming assignments. Their system enabled educators to upload as-
signments, grading criteria, and detailed instructions, allowing the LLM to assess
submissions based on predefined specifications. The framework demonstrated
an accuracy rate of 75% compared to human graders and provided compre-
hensive feedback, highlighting best practices and areas for improvement. The
authors emphasised the importance of using prompt engineering to refine the
LLM-generated responses. The authors also noted that the quality of the input
data significantly influenced grading accuracy.

Another noteworthy tool in automated programming assessment is Codeflex,
an open-source web-based platform that supports code evaluation across multiple
programming languages, including Java, C#, Python, and C++ [3]. Codeflex
executes test-cases on student code and generates semantically rich metadata,
enabling educators to streamline the grading process through more structured
and informative feedback. However, limitations remain, such as its reliance on
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predefined test cases, which may not fully capture the nuances of complex coding
solutions [3]. Additionally, its effectiveness is influenced by the accuracy of the
metadata it generates.

While these studies have shown promising results, they lack evaluation met-
rics specific to web development assignments, such as HTML structure correct-
ness and CSS adherence. The next section discusses our approach to enhancing
the efficiency of automated grading for HI'ML and CSS assignments using LLMs.

4 LLM-Enhanced Grading Efficiency

Our work distinguishes itself from prior research, which primarily focused on
assessments for advanced programming languages or text-based responses. This
study specifically addressed the challenges of automated grading for introductory
HTML and CSS assignments using LLMs. Our framework employs a structured
methodology that incorporates clear grading instructions, sample solutions, and
actual student submissions.

Similar to existing literature, our study leverages a web-based application for
automated grading. Expanding on Tobler's [13] approach, we introduced addi-
tional configuration parameters, such as temperature, maximum token limit, top-
p, and seed to optimise prompting for response length and sampling diversity.
Research by Holtzman et al. [16] highlights how top-p sampling enhances coher-
ence, while Brown et al. [17] emphasises how controlling token limits prevents
verbosity and keeps feedback focused. By incorporating these strategies, our
system ensures precise and meaningful feedback.

Building on Nilsson and Tuvstedt's [10] findings, we employ prompt engin-
eering techniques to optimise LLM responses, ensuring alignment with grading
rubrics and improving feedback relevance. However, unlike their classification-
based (pass/fail) approach, our system utilises in-context learning [17], allowing
the model to adapt dynamically based on provided examples rather than relying
on predefined labels.

Since input quality has been identified as a critical challenge in automated
grading [10], our system integrated Optical Character Recognition (OCR) to
extract rubric details. It also employs human-in-the-loop (HITL) to help prevent
oversight in Al-generated assessments. This approach ensures educators control
the grading process while leveraging Al to enhance efficiency.

Due to the unique nature of the document requirements for web develop-
ment assessments, our research also explored extraction pipelines for processing
assignment specifications. This involved the implementation of multi-agent Al
workflows to improve grading accuracy and efficiency. Recent studies, such as
those by Smith et al. [14] and Zhang & Patel [15], highlight the role of tool use
and multi-agent collaboration in Al-driven grading workflows, ensuring that di-
verse student submissions are effectively processed and evaluated. Smith et al.
[14] examined how multi-agent models improve grading accuracy through col-
laborative evaluation mechanisms, while Zhang & Patel [15] explored Al-driven
toolchains that dynamically adapt to grading criteria.
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5 Dataset

Our dataset consisted of digital materials collected from the introductory HTML
and CSS module during the second semester of 2024. Each assignment required
students to design a simple multi-page website using HTML5 and CSS, ad-
hering to a detailed specification document. The dataset included 204 student
assignment submissions, which were downloaded as a single ZIP folder from
the university's learning management system (LMS), Blackboard. Additionally,
assignment requirements, corresponding grades, and feedback provided by the
lecturer, were incorporated into the dataset. Any documents not originally in
PDF format (e.g., .docx files) were converted to PDFs during data cleaning.

5.1 Ethical Clearance

Ethical approval for this study was obtained from the General/Human Research
Ethics Committee of the University of the Free State (Clearance number: UFS-
HSD2023/0161/4). Anonymisation techniques were implemented to safeguard
student identities, which were included as part of individual assignment submis-
sions and file names. This study adheres to established ethical principles for Al
research in education, prioritising transparency, informed consent, and respons-
ible data management [22].

6 Automated Grading Pipeline

This section outlines the data processing workflow within the automated grad-
ing system before submission to the LLM. The system comprises two primary
pipelines: the OCR-Based FExtraction Pipeline, which processes assignment re-
quirements, and the Student Submission FExtraction Pipeline, which handles
student-submitted files.

6.1 OCR-Based Extraction Pipeline

The assignment requirements documents contain a mix of textual instructions
and embedded screenshots, such as stylised code examples, visual layout dia-
grams, and Ul mockups. In many cases, these documents are exported as flattened
PDFs, where text is embedded within images or decorative formatting. Stand-
ard PDF parsers (e.g., pdfminer, PyMuPDF) failed to consistently extract such
embedded content in our experiments. We therefore adopted an OCR-based
approach to ensure that all grading criteria, both textual and visual, were ac-
curately captured. OCR enables reliable extraction from complex layouts and
ensures the inclusion of rubric-relevant visual elements that would otherwise be
missed. While alternatives such as DOCX parsing or direct XML extraction could
be considered, these are not feasible given the inconsistent formatting practices
and frequent image-based instructions used in this module. To improve OCR ac-
curacy, all PDFs were first converted into high-resolution greyscale images (300
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Figure 1. OCR Pipeline

DPI) using the pdf2image library. Figure 1 illustrates this process, showing the
key transformation steps from input PDFs to structured text extraction.

A LangChain-based LLM was instructed to perform OCR and generate grad-
ing questions from the extracted text and images. LangChain is an open-source
framework that connects LLMs to external tools, allowing for more advanced
reasoning and automation [6]. The lecturer reviewed and refined the initial LLM-
generated rubric, following a HITL approach [7]. This ensured that the final
grading criteria were accurate and aligned with the intended learning outcomes.

6.2 Student Submission Extraction Pipeline

When the lecturer requests a bulk download from Blackboard, the resulting ZIP
file contains a nested folder structure for each student assignment. To automate
the extraction of relevant files from student submissions, we employed Lang-
Graph, a tool built on LangChain that enables stateful decision-making work-
flows for LLMs [7]. In our setup, the system uses a LangGraph agent, an LLM
that maintains memory of previous steps, to inspect each student’s ZIP folder
and decide how to handle file structures that are often inconsistent or misnamed.
We use a LangChain module, ToolEzecutor, to allow the agent to call and execute
specific functions, these functions include:

— Read directory structure: Reads the student folder in order to construct
a directory tree. Unnecessary system files (e.g., .DS_Store) are removed.
— Locate files: Determine the location of required files using the directory
structure, detect misspelt file names and map the file names correctly (e.g.,
mapping myIndex.html to myindex.html without penalising the student).
— Return blank: If the required file is missing, return blank.

The user interfaces for the web-application are provided by Gradio [24].
Gradio is an open-source Python library that allows developers to build web-
applications for machine learning models, APIs, etc. Figure 2 demonstrates the
full extraction process including the interfaces provided by Gradio:
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7 Prompt Engineering & Chain-of-Thought Reasoning

Prompt engineering is crucial in adapting pre-trained LLMs to specific tasks.
It involves designing structured input prompts. By refining how instructions
are presented, prompt engineering ensures that the LLM generates consistent,
well-structured, and context-aware feedback. In this study, we designed prompts
using LangChain [6]. We defined two role-based messages: the system message,
and the user message.

7.1 User Message

The user message provides the input context: assignment instructions, a refer-
ence solution, and the student's submission. This structured approach ensures
the system remains context-aware, by referencing a ground truth, thus accurately
evaluating student work. The user prompt is defined as:

Context and Questions Asked: {question}
Grader ‘s Suggested Solution: {grader_solution}
Student ‘s Submitted Solution: {student_solution}

7.2 System Message

The system message establishes the grading methodology. In this section, we
discuss the prompt engineering techniques used, followed by the relevant excerpt
from the system prompt. Persona-based Prompting is used to shape the model's
behaviour by defining its expertise, knowledge domain, and personality. The
relevant instruction is provided as:

[Personal] You are an expert HTML & CSS grading assistant.
[Task] The task involves reviewing a portion of a student ‘s
submission that aims to implement a simple website...

© Copyright: The Authors
Proceedings of the 54th Annual Conference of the Southern African Computer Lecturers' Association (SACLA 2025)
ISBN: 978-1-0370-5208-8



Scalable LLM-based Grading for HTML & CSS 165

Chain of Thought Prompting (COT) instructs the model to apply a step-
by-step approach to grading. By enforcing logical, sequential evaluation, CoT
reduces hallucinations, improves grading accuracy, and ensures meaningful feed-
back. The model follows a structured evaluation process:

INSTRUCTIONS: Apply the following instructions in a step-by-
step approach. [Step 1 - Step 8]

A brief description of each step is provided as follows:

1. The rubric is reviewed and understood before grading begins.

2. The student's submission is analysed based on the specified grading criteria.

3. Each requirement is evaluated, recognising alternative valid implementa-
tions.

4. The grader's solution serves as a reference, but valid deviations are accepted.

5. Errors and omissions are identified, while minor formatting inconsistencies
are disregarded.

6. Errors are explained with code snippets illustrating necessary corrections.

7. The severity of errors is assessed, and proportional penalties are applied
based on the rubric.

8. Constructive feedback is provided to reinforce correct elements and guide
improvement.

Output Format provides a structure for the personalised feedback. It spe-
cifies how suggested improvements, code snippets, explanation of penalties and
provided grades must be formatted. This ensures that feedback is standardised
and actionable for students. The output format is outlined as:

1. List each question with the total mark...

2. List each requirement in the rubric and determine if the
requirement has been met...

3. If a requirement was not met...

- Determine if a coding explanation can help the student
better their understanding and include it in this format:

BEGIN CODE

[Your brief coding explanation here]

END CODE

4. Then provide the penalty percentage as: Penalty: [X]%

5. Include an explanation for how each penalty was determined

based on the rubric and severity of the error.

In-Context Learning (ICL) enables the model to adapt its responses dynam-
ically by leveraging examples within the prompt, allowing it to infer patterns
without modifying its internal parameters. In our approach, we use One-shot
Learning, providing a single graded example to demonstrate the expected eval-
uation structure and feedback style. This guides the model toward consistent
grading while maintaining flexibility for different submissions.
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8 Experimental Setup

8.1 Large Language Models

The study evaluated several LLMs, comparing their processing time, computa-
tional costs, and accuracy across different architectures. We assess two types of
models to determine their suitability for automated grading: A PI-based models,
which require remote server access and locally inferred models, which perform
inference directly on the user's hardware without relying on external servers.
Table 1 summarises key characteristics of the models, including version de-
tails, training data cut-off dates, and whether they require API access or can be
run locally for inference.

Table 1. Summary of Large Language Models

Model Version Training Data Cut-off | API-based
ChatGPT-3.5-turbo|gpt-3.5-turbo-0125 Up to Sep 2021 v
ChatGPT-40 gpt-40-2024-05-13 Up to Oct 2023 v
ChatGPT-40-mini |gpt-40-mini-2024-07-18 Up to Oct 2023 v
Claude-3-Sonnet claude-3-sonnet-20229 Up to Aug 2022 v
Claude-3-Haiku claude-3-haiku-20240307 Up to Aug 2023 v
Claude-3.5-Sonnet |claude-3-5-sonnet-20240620 Up to Apr 2024 v
Claude-3-Opus claude-3-opus-20240229 Up to Aug 2023 v
Mistral-8x7B open-mixtral-8x7b *Not specified v
Llama-3-8B llama-3-8b-instruct March 2023 X
Gemma-7B gemma-2-7b-instruct *Not specified X

The list below provides a brief comparison of the key differences between the

LLMs:

ChatGPT-3.5-turbo [11]: A variant of OpenAT’s GPT-3.5, optimised for
dialogue and context tracking. It’s well-suited for tasks requiring nuanced
reasoning, but may be less efficient in terms of time compared to other
models.

ChatGPT-4o [11]: An advanced version of GPT-4, designed for improved
reasoning and contextual awareness. Known for its higher accuracy, but at
a greater computational cost and slower processing time.
ChatGPT-40-mini [11]: A lightweight variant of ChatGPT-4o, optimised
for faster inference and lower resource consumption. While the model is less
accurate than ChatGPT-4o, it offers better efficiency in terms of cost and
processing time.

Claude-3-Sonnet [1]: A multilingual model, optimised for creative text
generation and context retention. It performs well in grading tasks but may
require higher computational resources compared to lighter models.
Claude-3-Haiku [1]: A compact version of Claude-3, designed for concise
text generation. The model is effective for short-answer grading but may not
perform as well on complex assignments.
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— Claude-3.5-Sonnet [1]:An improved version of Claude-3-Sonnet, featur-
ing better context handling and deeper reasoning. The model offers higher
accuracy, especially for complex grading tasks, but at increased cost.

— Claude-3-Opus [1]: The most advanced model in the Claude-3 series. The
model features extended context windows and high-capacity processing. It
provides high accuracy but requires significant computational resources.

— Mistral-8x7B [5]: Mistral provides a good balance of speed and accuracy,
making it efficient for large-scale tasks. The model is faster and more cost-
effective compared to larger models, but sacrifices accuracy.

— Llama-3-8B [9]: Llama provides slightly better accuracy than Mistral-8z7B,
especially for instruction-following tasks, but comes at the expense of re-
sources. The model provides a good trade-off in terms of speed and accuracy.

— Gemma-7B [4]: While effective for structured text generation, it is generally
slower and less cost-effective than Mistral-8z7B and Llama-3-8B, offering less
efficiency for large-scale grading tasks.

All inference experiments on the local-inference models were performed using
the open-source libraries provided by Hugging Face [18]. We quantised the local
models using 4-bit precision with BitsAndBytesConfig from the Transformers
library [21]. Additionally, we enabled float16 precision via PyTorch [19] and
leveraged Flash Attention [20] to optimise inference speed. All experiments were
performed on a desktop computer with a NVIDIA 24GB RTX-4090 GPU.

8.2 Generation Parameter Settings

Generation parameters play a crucial role in shaping the model's outputs by
influencing diversity, coherence, and response length. The key parameters con-
sidered in this study included temperature, top-p (nucleus sampling), mazimum
token limit, and seed value. Table 2 presents the specific values used for these
parameters in the study.

Table 2. Large Language Model Configuration

Generation Parameter|Value
Temperature 0.1
Max Token Limit 4096
Top-p 0.9
Seed 42

The next section discusses the impact of each generation parameter.

— Temperature controls the randomness of token selection. A high temperat-
ure value allows lower-probability tokens to be selected, leading to more
diverse responses. Lower values make outputs more predictable, enhancing
coherence, consistency and reliability [16]. A low temperature was selected
to ensure grading outputs are deterministic.
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— Top-p (nucleus sampling) limits the selection of words to the smallest group
whose combined probability exceeds a certain threshold. A top-p value of
0.9 means that the model focuses on the most likely words, but still allows
some creativity or flexibility by considering a range of potential next words,
so the output is not too rigid or predictable [16].

— Maximum token limit sets the upper bound for the response length, pre-
venting excessively long outputs while ensuring completeness and efficiency
[17]. A value of 4096 tokens ensures detailed, well-structured responses that
optimise computational performance while preventing excess verbosity.

— Seed value ensures reproducibility by controlling the model's randomisation
process. A fixed seed of 42 guarantees that identical inputs yield consistent
outputs, enabling reliable comparisons across multiple runs [16].

9 Evaluation Results

Three key factors were considered when evaluating the selected LLMs. These
factors include: computational cost, processing time and accuracy. Each of these
factors plays a significant role in determining the most effective LLM for auto-
mated grading in an educational context. For the evaluation we randomly selec-
ted 30 of the 204 assignments for the third task of the semester. The selected
assignment was of intermediate complexity. In the following sub-sections, we
report the findings for each factor, providing a comprehensive overview of the
model's performance.

9.1 Processing Time
Processing time is a critical metric to consider in large-scale automated grad-
ing. Table 3 illustrates the average processing time for each LLM. We excluded

the processing time for local models, as their performance is influenced by the
computational resources available on the inference machine.

Table 3. Average Processing Time for 30 Assignments

Model Processing Time (s)
ChatGPT-3.5-turbo 7.907000
ChatGPT-40 9.763667
ChatGPT-40-mini 15.033000
Mistral-8x7B 8.398333
Claude-3-Sonnet 16.579000
Claude-3-Haiku 5.816000
Claude-3.5-Sonnet 14.627333
Claude-3-Opus 29.128333
Llama-3-8B N/A
Gemma-7B N/A
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Claude-3-Opus and Claude-3-Sonnet exhibit significantly longer processing
times, whereas GPT-3.5-Turbo and Mistral-8x7B demonstrate notably faster
processing times. GPT-4o-mini and ChatGPT-40 demonstrated average pro-
cessing times.

9.2 Computational Cost

When evaluating large-scale grading systems, cost must be carefully considered.
The trade-off between cost and performance becomes a critical factor, especially
in educational contexts with limited budgets. Table 4 provides a summary of the
model's average computational cost.

Table 4. Average Computational Cost for 30 assignments (per million tokens)

Model Usage Cost ($)
ChatGPT-3.5-turbo $0.0025
ChatGPT-40 $0.0131
ChatGPT-40-mini $0.0008
Mistral-8x7B $0.0453
Claude-3-Sonnet $0.0235
Claude-3-Haiku $0.0018
Claude-3.5-Sonnet $0.0227
Claude-3-Opus $0.1148
Llama-3-8B N/A
Gemma-7B N/A

ChatGPT-4o incurs a cost of $0.0131 per million tokens, whereas ChatGPT-
4o-mini incurs a cost of $0.0008 per million tokens. GPT-4o is approximately 16
times more expensive than ChatGPT-40-mini. In comparison, Claude-3-Opus is
priced at $0.1148 per million tokens, making it significantly more expensive than
all other models. The observed cost disparity between models can be attributed
to differences in the necessary computational resources.

9.3 Accuracy

Average absolute error was used to evaluate the accuracy of the various LLMs.

Average absolute error quantifies the average absolute deviation between
human-assigned grades and Al-generated grades. This metric is crucial for as-
sessing the accuracy of the LLM, as it directly reflects how closely the LLM
evaluation aligns with those made by human assessors. Lower average absolute
error values indicate greater accuracy and closer alignment with human grading
standards.

The assignment's total score was 20 points. Table 5 presents the absolute
error (in points) for the different LLMs evaluated in this study.
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Among the models evaluated, ChatGPT-40-mini demonstrated the highest
level of accuracy, achieving an absolute error of 1.93. ChatGPT-40 also exhibited
strong performance, with an error of 2.98, which remained considerably lower
than the other models. In contrast, models such as Llama-3-8B and Gemma-7B
displayed the highest absolute errors, all recorded at 6.7 or higher. The strong
performance of ChatGPT-40-mini suggests that it is the most suitable option
for automated evaluation, while ChatGPT-40 remains a viable alternative with

J. Smith et al.

Table 5. Average Absolute Error

Model Average Absolute Error
ChatGPT-3.5-turbo 2.23
ChatGPT-40 2.98
ChatGPT-40-mini 1.93
Mistral-8x7B 5.00
Claude-3-Sonnet 2.21
Claude-3-Haiku 5.05
Claude-3.5-Sonnet 3.67
Claude-3-Opus 3.68
Llama-3-8B 8.39
Gemma-7B 6.75

competitive accuracy.

9.4 Trade-off between Processing Time and Computational Cost

Figure 3 provides insight into the balance between processing time and compu-

tational cost for each model.

Total Cost vs Time Taken per Model (Averages)
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Claude-3-Opus, while offering potentially higher performance, incurs signi-
ficantly higher costs and longer processing times, making it less cost-effective
for large-scale grading. On the other hand, models such as GPT-3.5-Turbo and
GPT-40-mini provide a more cost-efficient solution, with lower costs and faster
processing times, making them more suitable for grading in resource-constrained
educational environments.

10 Key Findings on Automated Grading Efficiency and
Model Performance

This study highlights the role of Prompt Engineering techniques, particularly
Chain-of-Thought reasoning and In-Context Learning, in enhancing the accuracy
of Al-generated grading and personalised feedback.

The findings confirm the trends observed in literature at the time. API-based
models, particularly those from the GPT series, consistently outperformed oth-
ers in terms of cost-effectiveness, grading efficiency, and accuracy, likely due to
large-scale infrastructure, large diverse datasets and advanced reasoning capab-
ilities. In contrast, local models exhibited higher error rates, due to their smaller
architecture.

Among the evaluated models, GPT-40-mini emerged as the most optimal
choice, balancing processing time, computational cost, and accuracy. The model
demonstrated a significant improvement in efficiency, being able to grade 30
submissions in approximately 6 minutes. A task that would take a lecturer, who
grades between 4 and 5 submissions per hour, 6 hours to complete.

This efficiency makes GPT-40-mini a viable solution for managing the in-
creasing student enrolments in tertiary institutions. The model's cost-effectiveness
also makes it particularly suitable for educational institutions facing budgetary
constraints. In summary, the findings highlight the effectiveness of leveraging
LLMs for automated grading to reduce instructor workload while maintaining
pedagogically meaningful feedback.

11 Limitations

While this study provides valuable insights into the use of LLMs for automated
grading, several limitations must be acknowledged.

A key limitation is the system's dependence on high-quality grading rub-
rics and input data. Although an HITL approach is employed, inconsistencies in
rubrics or missing criteria may impact grading reliability. Another challenge lies
in handling non-standard student submissions, such as unconventional directory
structures or missing linked stylesheets. Another significant challenge is the risk
of hallucination, where the model generates incorrect grading criteria or assigns
penalties that do not exist in the rubric. To mitigate this, Retrieval-Augmented
Generation (RAG) could be explored to dynamically retrieve grading criteria
from a curated database before generating feedback. This approach allows the
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model to ground its responses in specific criteria, ensuring that the feedback
provided to students aligns with the established rubric. Additionally, a second-
ary verification step in the form of meta-evaluation may be conducted using
an independent LLM to assess the validity of Al-generated responses prior to
submission. Finally, while this study examines processing time, computational
cost, and accuracy, it does not provide an in-depth analysis of interpretability
and user experience. For instance, if a student receives Al-generated feedback
on their coding assignment, it is crucial to assess whether they understand the
rationale behind the feedback and can apply it to their work.

Future research should investigate the extent to which students comprehend
and effectively apply Al-generated feedback, ensuring that automated grad-
ing enhances learning outcomes rather than solely improving grading efficiency.
These challenges highlight areas for future improvement, such as developing
user-friendly interfaces and instructional materials that clarify Al feedback, and
emphasising the need for continued refinement of automated grading systems.

12 Conclusion and Future Research

This study advances automated grading in higher education by evaluating the
efficiency, cost, and accuracy of various LLMs in grading first-year HTML and
CSS assignments within the South African context. As the demand for scalable
and efficient assessment solutions grows, our findings demonstrate that gener-
ative Al is an accurate and cost-effective solution that can significantly reduce
staff workload associated with grading.

Future research could explore the integration of RAG, which combines the
strengths of retrieval-based methods with generative models, allowing for the
incorporation of external knowledge sources into the grading framework. By
leveraging a broader context, RAG could potentially improve the accuracy and
consistency of evaluations, particularly for complex assignments that require nu-
anced understanding. Additionally, investigating the long-term effects of auto-
mated grading on student learning outcomes and engagement will be crucial.
Understanding how students respond to feedback generated by Al, as well as
the potential for Al to personalise learning experiences, could provide valuable
insights into the efficacy of these technologies in educational settings. Moreover,
examining the ethical implications and biases inherent in Al grading systems
will be essential to ensure fair and equitable assessment practices.

Disclosure of Interests. The authors have no competing interests to declare that
are relevant to the content of this article.
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Abstract. The variability in South African Computer Science curric-
ula presents challenges in comparing and designing competitive degree
programs, particularly in the absence of a standardized accreditation pro-
cess. This paper investigates a graph-theoretic approach to objectively
compare curriculum structures across eight South African universities
ranked in the Times Higher Education (THE) 2024 listings for Computer
Science. By modeling curricula as network flow diagrams, where modules
are represented as nodes and prerequisite relationships as directed edges,
structural differences in curriculum design are analyzed. Key graph prop-
erties, including path lengths, degree distributions, and connectivity, are
used to evaluate the hierarchical complexity and modular dependencies
of each curriculum. Findings indicate significant disparities in curricu-
lum structures, elective module availability, and information flow. The
results underscore the need for objective comparative methodologies in
curriculum design, aiding institutions in optimizing program structures
for better educational outcomes.

Keywords: Curriculum Analysis - Computer Science Education - graph
theory.

1 Introduction

North-West University in South Africa has identified a significant need for a
new, fully online Computer Science degree program that addresses the growing
demand for flexible and accessible education while aligning with the principles
of Industry 5.0. Curricula designed for Industry 5.0 should incorporate human-
centered approaches with advanced technologies, to promote interdisciplinary
skills, critical thinking, and adaptability for innovation and ethical decision-
making, as pointed out by Barrot [1]. This should include personalized learning
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pathways, experiential learning opportunities, and continuous curriculum up-
dates to keep pace with emerging technological trends, ensuring graduates are
equipped with the competencies required to succeed in a rapidly evolving indus-
trial landscape.

In an effort to design and develop a competitive and relevant program that
meets the highest academic standards, a comparative analysis of existing curric-
ula across different institutions in South Africa was conducted. However, objec-
tive mechanisms are necessary to compare different curricula effectively. Com-
puting curricula in South Africa do not have to be accredited by a local accred-
itation body and differ vastly in structure and content, making a comparative
study extremely difficult. According to Taylor et al. [2], only a few institutions
are accredited at all and the main reasons for not going through an accredita-
tion process are cost and personnel requirements. Having an objective compar-
ative model will simplify the decision-making process when making curriculum
changes, thus saving cost and time. The research question that is considered in
this paper, is: Can objective comparisons be made between curricula just by ana-
lyzing curriculum structures? Curriculum content is not considered in this paper
but only the structure and flow of information through a curriculum. When de-
signing a new curriculum, it helps to start with a research-based structure built
on standards from other institutions, as this simplifies the process and ensures
the curriculum remains competitive and relevant.

A visual, graph-theoretic method is proposed to model curricula as network
flow diagrams consisting of source nodes, target nodes, and directional edges.
The eight curricula from South African Universities ranked on the Times Higher
Education (THE) 2024 listings for Computer Science are included, visually rep-
resented, analyzed, and compared.

2 Background

The use of objective mechanisms to analyze and compare curricula has been
explored in various studies, each offering insights that contribute to the develop-
ment of robust curriculum design methodologies. A simplified supervised Latent
Dirichlet Allocation (LDA) model is applied in Sekiya et al. [3] to evaluate Com-
puter Science curricula across ten universities, using the ACM/IEEE CS2013
framework as a reference. Their analysis highlighted differences in emphasis
across institutions, from human factors to theoretical topics. This structured
comparison of course syllabi underscores the importance of adopting well-defined
curriculum guidelines like CS2013 for effective curriculum alignment and gap
analysis. It is also relevant to the current view of Industry 5.0 with the CS2023
curriculum having been released recently (authored collaboratively by Kumar et
al [4]).

Similarly, a study by Jayaratna et al. [5] utilizing data from the Australian
Computer Society’s (ACS) course accreditation process proposed a unified ap-
proach to measure similarity between Computer Science units. By combining
the ACS Core Body of Knowledge (CBOK) with Bloom’s Taxonomy, this study
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provided metrics for assessing both content coverage and difficulty levels. The
methodology supported decisions on credit transfers, unit recommendations, and
course exemptions, emphasizing the value of standardization in curriculum align-
ment and accreditation.

In Oliver et al. [6], Bloom’s Taxonomy was leveraged to assess the cognitive
difficulty of IT courses, revealing discrepancies in cognitive engagement across
curricula. Their findings suggested that even introductory courses could demand
unexpectedly high levels of cognitive effort, raising questions about appropriate
course sequencing and design.

Further enhancing comparative methodologies, Pedroni et al. [7] developed
a framework for systematically modeling and comparing knowledge units within
curricula. This approach enabled the identification of redundancies and gaps,
ensuring coherence in knowledge progression. Particularly valuable in modu-
lar curriculum designs, the framework facilitated a structured pathway for stu-
dent learning, building effectively on prior knowledge. These studies collectively
demonstrate the critical role of structured methodologies in curriculum analysis
and design. They underscore the need for frameworks that not only compare cur-
ricula across institutions but also ensure alignment with international standards
and industry requirements.

The next section presents the mathematical model, terminology and equa-
tions that will be used throughout the paper.

3 Mathematical Model

A network flow diagram (as defined by Cormen et al. [8]) is a visual representa-
tion used to illustrate the flow of data, materials, or processes within a system
or network. It depicts how elements are interconnected and how resources move
between them. A curriculum can be viewed as a network flow diagram where
knowledge flows from module to module. Each module in a curriculum will be
viewed as a node. The edges between nodes are represented by prerequisites in
the curriculum. Thus, if one module is a prerequisite of another, then there will
be a directed edge between them.

A source node in a graph or network is a node from which all flows or paths
originate and has outgoing edges only. A terminal node is defined as a node with
only incoming flows or edges and no outgoing flows or edges. In a directed graph,
an edge is from a parent node to a child node.

Example: Let’s assume we have a curriculum with a module called Program-
ming II and it has a prerequisite module in the curriculum called Programming
I. Programming I is a first year, first semester module and Programming II is a
first year, second semester module. The resulting flow diagram is shown in Fig.
1.

The degree of a node in a network flow diagram refers to the number of edges
(connections) connected to that node. For the purposes of this paper, the degree
will only refer to the out-degree of a node, i.e. the number of flows or connections
originating from the node.
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Programming Source node

. Terminal node
Programming

II

Fig. 1. Flow diagram

The path length of a node in a graph is a measure of the distance between
that node and another node, typically calculated in terms of the number of edges
traversed along a specific path. It quantifies how far one node is from another
within the network. For the purposes of this paper, all path lengths will be
calculated between a specific node i and the applicable source node.

Most of the curricula follow a tree structure. A tree is a type of graph in
graph theory that has the following characteristics, according to Cormen et all.
8]:

1. All nodes in the graph are connected by edges, meaning there is a path
between any two nodes.

2. The graph contains no cycles.

3. A tree with n nodes has exactly n — 1 edges.

In a tree graph, a source node is called a root node and a terminal node is called
a leaf node. The tree is a hierarchical graph.

A digraph, short for directed graph, is a graph where all edges have a direction
associated with them (Cormen et al. [8]). The digraph consists of a set of nodes
and directed edges that connect the nodes.

The Pearson’s Product-Moment Correlation Coefficient r is a statistical mea-
sure that calculates the strength and direction of the linear relationship between
two variables (Pearson [9]). It is defined as:

—, (1)

where:

— X, and Y; are the data points of variables X and Y,
— X and Y are the means of X and Y respectively.
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4 Graphical Representation of Curricula

Due to space constraints, not all the curricula’s graphical representations will
be included in the paper, only examples are given to highlight certain points.
The curricula are vastly different and some preprocessing is necessary to enable
comparison. The following three steps were followed to change all the curricula
in a suitable format for analysis and comparison:

Step 1: Get all the modules, module descriptions and prerequisites from the
relevant yearbooks. Yearbooks [10] - [17] are used in this paper.

Step 2: Draw a flow diagram for the curriculum. (For this paper, open source
software called Dia was used.)

Draw all the modules of the first semester on the first level, the modules of
semester two on the next level, and so forth. If a specific curriculum works
with year modules and not semester modules, then draw the modules from
year one on the first level, year two on the next level, etc.

If a module is an elective module, that is indicated by drawing the node as
a dashed line circle.

Indicate any prerequisites between modules with an arrow, as illustrated in
Fig. 1.

— In some curricula, prerequisites for specific modules are indicated with an
"OR" option, for example: the prerequisite is either one module OR another
module. Both these modules are then shown as prerequisites, but the edge
lines are dashes to indicate that there are alternatives.

Fig. 2 shows the flow diagram for the complete curriculum of the BSc In-
formation Technology degree from the North-West University. Make note of the
fact that even though it was pointed out initially that the curriculum mostly
form a tree structure, that there is a difference between the programming mod-
ules and the other modules in the degree - so the programming modules are in
the tree, but the other modules that make up the degree are in other knowledge
areas. There are six levels, indicating the six semesters, two semesters each in
the three-year degree.

Step 3: The last step is to simplify the flow networks without losing infor-
mation. This is to compensate for the imbalances in electives and alternatives
across curricula. The goal of the simplification step is firstly to get to a typi-
cal curriculum that a student will follow and secondly to optimize the different
variables for comparison.

— Note the number of all outgoing flows of every node.

— If a model has a number of alternative prerequisites (prerequisites indicated
with an OR), choose one. Give preference to flows connected to computing
nodes.

— Note the number of electives.

— Choose electives according to the curriculum guidelines. Give preference to
computing electives.
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Science,
Technology, and
Socety

Mathematics

Fig. 2. North-West University Complete BSc Information Technology Curriculum -
complete

— If a node has more than one prerequisite, and some of the prerequisites are
computing nodes, and some of it are not, remove the prerequisites to the
non-computing nodes. (Note: only perform this step if removing a path will
not shorten the longest path of a terminal node.) The reason for this step is
that we want to identify the computing flow networks in each curriculum. We
already noted the number of outgoing flows in the first point and removing
these will not affect any of our calculations.

After Step 3, the flow network in Fig. 2 has been simplified to Fig. 3. The pre-
requisites which had "OR" conditions were simplified. If we specifically look at
the module called "Data Analytics" on level 4: when choosing between all the
options of prerequisites, preference was given to the computing module called
"Introduction to computing and programming." We can thus identify two com-
puting information flow networks now once we have simplified the flow network:
The large one on the left that starts with the source node "Introduction to com-
puting and programming," and the much smaller one that has the source node
"Basic Mathematical Techniques", but then flows to " Decision Support Systems
I" and "Decision Support Systems I1."
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Fig. 3. North-West University Complete BSc Information Technology Curriculum -
simplified

5 Curriculum Models and Results

The simplified models of the curricula are used in the analyses and comparisons.
As part of the mathematical model, three characteristics are considered:

1. the type of modules,
2. the path lengths,
3. and the degrees of modules.

5.1 Types of modules and structure

The following types of modules are identified:

— Any module that is presented in the curriculum is represented by a node.
The total number of modules in the curriculum is given by N.

— Modules which contain content relating to Computer Science, Information
Systems, Information Technology, Computer Security, Data Science, and any
other technical subject area are classified as a computing module or a com-
puting node. This does not include mathematical, statistical or any other
complimentary modules. ACM curriculum guidelines are used to make a de-
termination whether a module is a computing module or not. The number
of computing modules is given by V..
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— Independent modules are modules with no connection to other modules. The
number of independent modules is given by I.

— A terminal module is a module with incoming flow, but no outgoing flow.
The number of terminal modules is given by 7'

— A terminal computing module is terminal module that is also a computing
module. The number of terminal computing modules is given by 7.

— An elective module is a module that is optional. Students thus have the
option to choose the module as part of the curriculum, or not. The number
of elective modules is given by E.

— A source module only has outgoing flow. The number of source modules is
given by S.

— For the structures, only computing modules and thus computing structures
are considered. It is acceptable if non-computing modules are part of a com-
puting structure, but a structure consisting only of non-computing modules
is ignored. A structure is for example a connected network flow diagram, and
can further be classified as a tree diagram or a digraph. The column labeled
"Tree" in Table 1 indicate whether the computing structures identified in
the curriculum are tree graphs, and the column S indicate the number of
independent, computing structures that can be identified.

The number of the different types of modules for the considered curricula is
given in Table 1. Fig. 4 shows the percentage of modules that are computing
modules in each curriculum.

Table 1. Module and structure types

‘ University ‘N‘Nc‘ Tree ‘S‘ 1 ‘ T ‘Tc‘ E‘ Degree Name ‘
North-West University (NWU) 30|19 |Mixed|2| 5 [18/ 9 |0 BSc Information Technology
University of Kwa-Zulu Natal (UKZN)|26|14| Yes |1]10[18|10|26| BSc Computer Science and Inf. Tech.

Stellenbosch University (SU) 24|12| Yes |1|13|18] 6 |70 BSc Computer Science
University of Cape Town (UCT) 12/10| No |1{0]4| 4 |0| BSc Majoring in Computer Science
University of South Africa (Unisa) [30]25|Mixed|7|4 |16]13|10 BSc Computing
Witwatersrand University (Wits) [30{20| No [2]0|13[10]0 BSc Computer Science
University of Johannesburg (UJ) |18/12| Yes [2|0 |4 | 2 |24|BSc Computer Science and Informatics

University of Pretoria (UP) 28/20| No |1]3]15/10|27 BSc Computer Science

Most structures look like a tree graph, with a root node, various children
nodes organized in a hierarchical manner, and terminating in leaf nodes; however
cannot be classified as trees since a child node cannot have multiple parent nodes.
These structures will thus rather be classified as a digraphs.

Even though the majority of curricula have more than one computing struc-
ture, most have one main structure, and the others are much smaller or sec-
ondary structures. The only exception is the University of South Africa that has
a variety of computing structures focusing on different aspects of computing.

Lastly, it is interesting to note the differing philosophies when it comes to
elective modules. The range of elective modules that students can choose from
range from zero (3 universities not offering students any options) to a maximum
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Fig. 4. Percentage of computing modules

of 70 elective modules. When looking at the content of elective modules, these
modules range from technical computing modules (eg. Machine Learning, Com-
putability and Automata, Network Optimization), to other science modules (eg.
Geography, Applied Mathematics, Environmental Sciences), to complimentary
modules (eg. Economics, Multimedia), to modules that expand the horizons of
the students (eg. Exploring the Universe, Plants and Society, Music technology).

5.2 Path Lengths

The path lengths of terminal nodes are considered in this section. First, the
average path length of all terminal modules, t;, are calculated, and then the
average path lengths of only terminal nodes which are computing modules, t.;,
are considered. Thus, we define [(¢;) as the path length of terminal node ¢ with
index i; and L as the average path length of all terminal nodes and calculate it
as:

L= —Zi%l(t"). @)

Similarly, we define [(t.;) as the path length of the terminal computing nodes
t. with index 4; and L. as the average path length of all terminal nodes which
are also computing nodes and calculate it as:

Te 4
e 3

The longest path in every curriculum is also given. All results are noted in
Table 2 and graphically presented in Fig. 5.

In most cases, the average path length increases when only computing mod-
ules are considered. Revisiting our analogy of information flowing through a
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Table 2. Path lengths

| University | L [Lc|Lmas]
North-West University (NWU) 1.94/14.89| 5
University of Kwa-Zulu Natal (UKZN)| 1.5 2.1| 4
Stellenbosch University (SU) 0.94(2.67| 4
University of Cape Town (UCT) |3.25(3.25| 5
University of South Africa (Unisa) [1.43|1.76| 3
Witwatersrand University (Wits) |1.62| 1.9 | 2
University of Johannesburg (UJ) 4|5 5
University of Pretoria (UP) 1.93/2.7| 4

NWU
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network, information needs to visit more nodes when starting at a computing
source node and ending at a computing end node on average, compared to other
nodes. Intuitively this makes sense, since complimentary modules like mathemat-
ics and statistics will only set a foundation for students, where the knowledge in
computing modules starting in the first semester will continuously be built upon
and expanded.

The Pearson’s product moment correlation coefficient is calculated to deter-
mine the relationship between the values of the average path length, L and the
number of terminal nodes, T'. Using equation 1, we get

b SW-DT-T)
V2 (Li = L)A(T; —T)?
Similarly, to determine the relationship between the values of the average
path length, Lo and the number of terminal nodes, T¢:

oy = Z(ch - Lc)(Tcz - Tc)

\/Z(Lci - LC)2(Tci - TC)2

There is thus a strong inverse correlation between the average path lengths

and the number of terminal nodes, especially when all nodes are considered.

When a curriculum has more terminal nodes, by definition it has less internal

nodes, and thus less opportunity to form paths (i.e. information flow) through

the structure. The more information flow, the more nodes will be connected and

follow on each other, the longer the paths will be, and the less terminal nodes
will be present.

~0.918. (4)

= —0.649. (5)

5.3 Degree of Nodes

The next characteristic that will be considered is the connectedness of curricula.
To determine that, we first calculate the average degree of every node, D, and
then the average degree of computing nodes, D¢. Since terminal nodes do not
have flow outwards, they are not taken into consideration into the calculations.
Thus, we define d(n;) as the degree of node n with index ¢ and D as the average
degree of the nodes in the curriculum. We calculate D as follows:

Yisy d(na) ©
N-T
Similarly, when only considering computing nodes: we define d(n.;) as the
degree of computing node n. with index i and D, as the average degree of the
computing nodes in the curriculum. We calculate D, as follows:

Sl d(ne)
N T (7)
The results are displayed in Tables 3 and Fig 6. Comparing the values of D
and D¢, the difference is not significant whether just the computing modules
are included or not.

D =

D, =
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Table 3. Average degrees of nodes

| University | D [Dc |(Dmaz)|
North-West University (NWU) 2.17) 2.2 4
University of Kwa-Zulu Natal (UKZN)| 2 |2.25| 4
Stellenbosch University (SU) 1.67/1.33] 4
University of Cape Town (UCT) |1.75]1.67| 4
University of South Africa (Unisa) [1.93| 2 3
Witwatersrand University (Wits) [3.29/2.8| 8
University of Johannesburg (UJ) 111 1
University of Pretoria (UP) 271208 7

NWU
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The degrees of the nodes give us an indication of how connected or discon-
nected a curriculum is. In the curricula that were examined, there are a wide
range of connectedness. For example, the University of Johannesburg’s curricu-
lum consisted of 4 distinct structures (or trees.) Each node lead to exactly one
node on the next level. This structure is given in Fig. 7 for illustrative purposes.
(The names of the modules have been removed to save space and since it is not
relevant to the discussion.) On the other end of the spectrum, we have Witwa-
tersrand University with the highest average degrees both when we consider all
the modules and just the computing modules. That structure is given in Fig.
8. Modules from one level are connected to multiple modules on the next level.
The structure given in Fig. 2 is more in the middle between the two extremes of

the spectrum.

Fig. 7. Unconnected curriculum

0202002020

Using Equation 1, the correlation between the values of the average degree,
(D) and the maximum degree D, is calculated as:

g = Z(Di_D)(Dmaxi_m)
\/Z(Di - D)z(Dmaxi - M)Q

Similarly, the relationship between the values of the average computing node
degree, (D.) and the maximum degree D, is calculated as:

Ty = Z(Dm — ﬁc)(Dmam - m)
\/Z(Dcz - E)Q(Dmazi - m)Q

Equations 8 and 9 demonstrate a strong correlation between the maximum
degree value and the average degree values in the network. This suggests that

r

= 0.862. (8)

= 0.746. (9)
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Fig. 8. Connected curriculum

determining the highest degree of a node within a curriculum provides a reliable
indicator of the curriculum’s overall level of connectedness. A high maximum
degree value implies that the curriculum design emphasizes a structure with nu-
merous prerequisites, resulting in a highly interconnected framework. Conversely,
a lower maximum degree value suggests a less connected design philosophy.

The degree of nodes provides valuable insights into the structure of a curricu-
lum. Nodes with the highest degree highlight potential bottlenecks, as failure in
these modules could impede students’ progression to multiple subsequent mod-
ules at higher levels. Simultaneously, these high-degree nodes represent critical
foundational modules within the curriculum. Drawing from the information flow
analogy, such nodes act as key junctions through which most information flows,
underscoring their critical importance. Consequently, these modules should be
prioritized, with additional resources allocated to ensure they are well-supported
and effectively delivered.

6 Conclusion

The research question considered in this paper is: Can objective comparisons
be made between curricula just by analyzing curriculum structures? From the
previous sections, it is clear that a great deal of information can be harvested by
just analyzing the structures of different curricula. The only content that was
considered, was whether modules were computing modules or not.

In the South African context, there is a lot of variability across degree pro-
grams. Some curricula have clearly defined, unconnected trees (illustrated in Fig.
7), while others are completely connected digraphs (illustrated in Fig. 8.) Some
curricula provide students with an abundance of choice in the form of elective
modules, where others do not provide any.

It was statistically shown that the average path lengths are inversely corre-
lated with the number of terminal modules that a degree program offers. Devel-
oping computing knowledge over a number of years is crucial because it aligns
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with the progressive stages of learning outlined in Bloom’s Taxonomy. This hi-
erarchical model emphasizes the development of cognitive skills, starting with
foundational knowledge and comprehension, and advancing through application,
analysis, synthesis, and evaluation. In computing, students must first acquire ba-
sic concepts like algorithms and programming syntax (knowledge and compre-
hension) before applying them to solve practical problems (application). Over
time, they need to analyze complex systems, design innovative solutions (synthe-
sis), and critically evaluate their efficacy and ethical implications (evaluation).
This gradual development allows learners to build on prior understanding, foster-
ing deeper mastery and adaptability to emerging technologies, which is essential
in a rapidly evolving field like computing. Path lengths are thus very important
in computing structures.

One reason for the variability in South African curricula is the lack of ac-
creditation of South African IT degree programs, as stated by Taylor et al. [2].
Accreditation plays a critical role in ensuring that educational programs meet
specific standards of quality, relevance, and industry alignment. However, in
South Africa, accreditation faces significant hurdles, including bureaucratic in-
efficiencies, a lack of standardization, resource constraints, and a misalignment
between educational outputs and industry needs. These challenges often delay
the accreditation process and affect the overall quality and reputation of IT pro-
grams in the country. The disparity in the resources and infrastructure among
institutions exacerbates this issue, creating a gap between universities that can
consistently meet accreditation standards and those that struggle to do so. As
of the most recent data referenced by Taylor et al. [2], only a limited number of
South African universities have successfully achieved accreditation for their IT
programs.

The next steps are to incorporate module content into the model. For exam-
ple, incorporating module credits will give a weighted effect to different paths.
Optimization algorithms, modular analysis and dynamic graph models will also
be applied to get better insight into the data. A comparison between local cur-
ricula and curricula of international institutions will then be done. Lastly, a
methodology will be designed which shows how to practically use this model
in new curriculum design. The methodology will show how a curriculum can
be designed for Industry 5.0 that allows for flexible and accessible education.
Beginning with a structure that is research-based and accredited will allow in-
stitutions to add emerging topic modules to the structure in a streamlined and
elegant fashion without compromising the integrity of the main structure.
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Abstract. Recent developments in Generative Artificial Intelligence promise
massive potential for using this technology in education. However, the use of
Generative Artificial Intelligence in the educational setting is not without its
challenges, as many re-searchers are concerned that Generative Artificial
Intelligence could pose a substantial threat to academic integrity due to its ability
to generate content that is difficult to differentiate from that created by humans.
This concern is not just in the context of text but also in programming since this
new technology is quite adept at generating unique code. This study explores
both the opportunities and challenges associated with the use of Generative
Artificial Intelligence, as highlighted in literature, by reflecting on realizations
from its use in formative programming assessment. The study utilizes the
TPACK framework to inform the integration of Generative Artificial Intelligence
as technology, assessment as pedagogy and programming using data structures
as content. It examines the use of Generative Artificial Intelligence in formative
assessment as a collaborative partner and reports on students’ perspectives
regarding its use and the quality of submitted assessments. Re-evaluations are
employed as a mitigating strategy to re-evaluate students in a supervised
environment. The submitted formative assessment and the supervised evaluation
are compared to determine the level of internalization reached by the students.

Keywords: Data structures, Generative Artificial Intelligence, TPACK.

1 Introduction

The release of the virtual assistant ChatGPT sparked much debate after its release in
November 2022 [1]. This new technology and its potential for education had a nuanced
effect on stakeholders and researchers, ranging from amazement to horror [2].
According to Rahman and Watanobe [3], some of the exciting opportunities associated
with this technology include personalized feedback, increased accessibility, interactive
conversations, lesson preparations, evaluation, and new ways of teaching difficult
concepts. In terms of computer programming, the new technology offers a wide range
of capabilities, including code completion, correction, prediction, error fixing,
optimization, document generation, chatbot development, text-to-code generation, and
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technical query answering [4]. The new technology has also been observed to be acting
like a coach and has the potential to collaborate with individuals in planning,
monitoring, and control of thinking, feeling and actions [5]. Unfortunately, the new
technology also poses threats to academia in the form of the possibility of cheating in
online exams, human-like text generation resulting in diminished critical thinking
skills, and difficulties in evaluating generated information [2]. Kasneci et al. [6] express
concern that students may become overly dependent on Generative Artificial
Intelligence, as it can effortlessly generate solutions to programming problems. This
may negatively impact their critical thinking and problem-solving skills. Welsh [7]
even has the concern that common practices like programming will become obsolete in
the era of Generative Artificial Intelligence. Judging the impact of the new technology
on education and separating truth from hype remains difficult [8]. According to Islam
and Mishra [9], it is therefore important that educators have a better knowledge of the
technology tools and their pedagogical and disciplinary functionalities if they seek to
use them effectively and ethically in class.

The aim of this study is to explore some of the opportunities and challenges
identified by literature focusing on programming problem-solving while collaborating
with Generative Artificial Intelligence using the Technological Pedagogical Content
Knowledge framework.

2 Technology Pedagogical Content Knowledge framework

The work of Shulman [10], established that educators should have knowledge of
content, general pedagogical knowledge, program knowledge, pedagogical content
knowledge, student knowledge, educational content knowledge and knowledge of
educational outputs, objectives and values. The Technological Pedagogical Content
Knowledge (TPACK) framework was developed by Mishra and Koehler [11] using the
findings of Shulman [10] and adding technological knowledge. The TPACK
framework consists of three main components of teaching knowledge: content,
pedagogy, and technology. The interactions between and among these bodies of
knowledge are very important and are presented as PCK (pedagogical content
knowledge), TCK (technological content knowledge), TPK (technological pedagogical
knowledge) and TPACK (technological pedagogical content knowledge) depicted in
Fig. 1.

Content knowledge (CK) refers to the knowledge about the subject matter to be
taught. Knowledge of concepts, theories, ideas, organizational frameworks, evidence
and proof, as well as established practices and approaches, all form part of the content
knowledge that is critically important for educators [10]. Pedagogical knowledge (PK)
refers to the science of teaching and consists of various techniques and instructional
strategies that can be utilized during classroom instruction to enable students to learn
[12]. Instructors with good pedagogical knowledge can utilize relevant instructional
strategies during classroom instruction to enhance learning about content.
Technological knowledge (TK) refers to the instructor’s knowledge about relevant and
recent technological tools, programs, and their applications. Sound technology
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knowledge and understanding offer instructors better options for technology integration
[12]. Pedagogical content knowledge (PCK) is the integration between content and
pedagogy where the instructor selects the best pedagogical strategies to deliver the
required content [13]. Technological content knowledge (TCK) is the combination of
technology and content. Instructors need to understand how technology can be utilized
to best present content matter effectively [12]. Technological pedagogical knowledge
(TPK) refers to the effect that the new technology will have on the teaching and learning
environment. There needs to be a merging between the technology's strengths,
constraints and affordances and the pedagogical strategies used [13].

Technological
Pedagogical Content
Knowledge
(TPACK)

Technological Technological

: Technological
Pedagogical Content
Knowledge Knoyl_rlls ge Knowledge
(TPK) (TCK)

Content
Knowledge
(CK)

Pedagogical
Knowledge
(PK)

Pedagogical
Content
Knowledge

Contexts
Fig. 1. Technology Pedagogy Content Knowledge framework [11]

Technology pedagogical content knowledge (TPACK) is argued by Koehler and
Mishra [13]. TPACK is more than just the combination of the three components. It
leads to an emergent form of knowledge different from the individual knowledge of
each component. When implemented, TPACK leads to effective teaching with
technology, using it to amplify concept presentation, make difficult concepts easier to
understand by addressing these problems and build on prior knowledge by using
technology aligned with these theories of epistemology.

3 TPACK: Generative Artificial Intelligence Technology
Knowledge

According to Lim et al. [14], Generative Artificial Intelligence (GenAl) can be defined
as a technology that leverages deep learning models to generate human-like content in
response to varied and complex prompts. These applications are not explicitly
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programmed to produce specific content based on responses from user input. Rules and
statistical structures are learned from a large dataset, and new content based on similar
structures is then created [15]. Generative Pre-trained Transformer (GPT-3) is a large
language model that can do natural language processing [6]. The aim of natural
language processing is to predict the relationship between sentences by analyzing them
comprehensively and then producing tasks such as entity recognition and question
answering [16]. The key developments that improved the ability of language models to
handle long-range dependencies in natural-language text are the Transformer
architecture and the underlying attention mechanism. The Transformer is a type of
neural network architecture designed to handle sequential data, and the underlying
attention mechanism enables the model to weigh the importance of different words in
a sequence, regardless of their position, and capture long-range dependencies within
the text [17]. Currently, there are many of these large language models in use, the most
prominent ones are Copilot, GPT-4, Gemini 2.0, GitHub Copilot, Llama, and Claude.

The widespread global adoption of GenAl showcased its impressive use in various
applications like software development and testing, poetry, essay writing, business
letters, generating questions and providing practice problems with explanations, and
creating assessments tailored to a student’s level of knowledge [6]. Collaboration with
GenAl also holds great potential, and the literature report on its use as a mentor,
teammate, innovator, co-developer and assistant [ 18]. The great potential of GenAl also
triggered panic amongst stakeholders and researchers with its ability to create content
difficult to differentiate from that created by humans [2]. GenAl poses a threat to online
exams as students can potentially use the technology to complete assessments. Other
threats highlighted by Rahman and Watanobe [3], include blind reliance on GenAl,
incorrect answers referred to as hallucinations, biases and ethical implications, and the
hindering of critical thinking and problem-solving skills among its users.

4 TPACK: Pedagogical knowledge

Educational learning theories are frameworks that explain how people gain knowledge,
skills and attitudes [19]. These theories aim to understand the learning process and the
various factors that influence it. There are several learning theories, such as
behaviourism, cognitivism, and constructivism. Understanding learning theories is
essential for educators as they provide a foundation for developing effective teaching
strategies, educational materials and assessment tools. For more detail on the theories
discussed, please refer to the full article [20].

This study approaches teaching and learning from a constructivist view, as
collaborative learning is based on the idea that human learning is learner-centred, with
the learner taking an active role in their education through discourse with others [21].
Self-regulated learning focuses on self-regulating activities that students can perform,
such as setting goals, monitoring their progress, and reflecting on their outcomes to take
control of their own learning. According to Zimmerman [22], students need to take
stewardship of their own learning in a proactive way. Zimmerman and Moylan [23]

© Copyright: The Authors
Proceedings of the 54th Annual Conference of the Southern African Computer Lecturers' Association (SACLA 2025)
ISBN: 978-1-0370-5208-8



194 J. Prinsloo, I. Smit, and R. Goede

also highlighted the importance of using formative assessments and feedback to help
students with self-regulation activities.

Pair programming, according to Nawrocki and Wojciechowski [24], is programming
done by a pair of programmers. The idea is that while one programmer writes the code
for the program, the other programmer continuously evaluates the code by trying to
understand, asking questions, and looking for better alternative approaches. Fan et al.
[25] proposed that programming with a virtual partner using GenAl could be a viable
form of pair programming. This form of collaborative programming is referred to by
Fan et al. [25] as Artificial Intelligence-assisted pair programming and suggests that it
is a novel approach to collaborative coding in the educational context. Many advantages
of using GenAl as a partner have been highlighted by Bird et al. [26]. For instance,
GenAl can provide immediate feedback and personalized assistance and play both the
roles of coder and advisor in the pair scenario. Time flexibility is another important
advantage, with students being able to engage with GenAl at any time, making
coordination with a human partner unnecessary [25]. Barke et al. [27] advocates that
GenAl can provide real-time suggestions, explain concepts, and offer alternative
approaches, enhancing the learning experience.

This study uses the pedagogical approach of viewing GenAl as a virtual partner with
whom students can collaborate to complete a formative assessment. By actively
engaging with GenAl we assume that students take ownership of their learning by
engaging with the content, making judgments on their own understanding, and seeking
to improve their understanding through further interaction with GenAl

5 TPACK: Content knowledge

This study focuses on programming education in the data structures class. Programs are
seen as a sequence of instructions that a computer carries out to perform a certain task,
and programming refers to the design, coding and implementation of programs [28].
Students learning a specific programming language by solving computational problems
by translating logic into commands used by the programming language is seen as
programming education. When studying computer science, students normally complete
an introductory programming course that focuses on the basic programming concepts
that include syntax, loop, conditions, looping, functions, object-oriented concepts and
basic problem-solving techniques. This introductory module is followed by the data
structures module, which is an advanced-level programming module. The module
covers advanced programming concepts such as algorithm complexity,
interface/abstract data types, records, arrays, linked lists, stacks, queues, trees, graphs,
searching, and sorting algorithms.

It is essential that students master data structure concepts as it enables students to
solve algorithmic problems in various fields of computer science and engineering [29].
However, many studies show that the data structures module is very challenging for
students [29-32].
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6 Method

In this study, the aim is to utilize GenAl and the many advantages it offers to enhance
current teaching and learning practices. The focus is on using GenAl as a collaborative
partner in the form of pair programming. The researcher adopts a constructivist
approach, viewing formative assessment as an important part of the learning
experience. The feedback provided by GenAl assists students in self-regulated learning,
enabling them to use the formative assessment to gauge their current understanding and
progress to a higher level of comprehension.

1. Students are required to complete a take-home assessment. They are allowed to use
GenAl as a collaborative partner but must submit a reflective report detailing how
they used GenAl and commenting on its helpfulness.

2. The study analyses the submitted assignments in terms of GenAl use and the
student's reflections.

3. Students are required to complete a similar assessment in a supervised environment,
as proposed by Moorhouse et al. [33].

4. The study compares the assessments completed by the students in the supervised
environment to those done while collaborating with GenAl.

The discussion of the implementation of the process begins with a description of the
take-home assessment.

7 Details of the Take-Home Assessment Provided

This assessment focuses on the array list data structure using the well-known game of
Hangman. Students must write a program that reads a random word from a provided
text file and allows the user to guess the letters for the word. Students are encouraged
to use a wrapper class to handle the characters in the word, which will be stored in an
array list of characters. The wrapper class offers extra functionality in the form of a
Boolean that can store the guessed status of a character.

A method loadWord() must be written to load the random word into a character array
list, one character (using the Character wrapper class) at a time. The method receives a
word in string format as a parameter and places all the characters of the word into a
Character array list. If the wrapper class is used as instructed, each character will also
have a guessed status. The wrapper class's default foString() method should be
overwritten so that it returns only characters with a true guessed status and placeholders,
¢, for ones not yet guessed.

Additionally, two more methods must be written: verifyGuess() and verify Winner ().
The verifyGuess() method traverses the character array list to check if the guessed
character is in the list. If it is, the guessed status of the character must be set to guessed.
The verifyWinner() method is a Boolean method that returns true if all characters in the
array list have been guessed successfully.

For the discussion in this study, the focus is solely on the loadWord() method, as it
is also used in the re-evaluation conducted under supervision.

© Copyright: The Authors
Proceedings of the 54th Annual Conference of the Southern African Computer Lecturers' Association (SACLA 2025)
ISBN: 978-1-0370-5208-8



196 J. Prinsloo, I. Smit, and R. Goede

The suggested solution in Fig. 2 for the loadWord() method was provided and
discussed in class after the submission date. The method receives a word in string
format as a parameter and places the characters of that string in an array using a loop.
The length() function is used to determine the length of the word and the position
of the last character. The charAt() function is used to place a specific character into
the array list using the add() method while also sending both the position of the
character and an object created with the character that includes a guessed status using
the wrapper class.

public =2tatic Myhrraylist loadWord(String word) {
MyhrrayList<HMChar> rlist = new MyiArrayList() -
for{int i=0;i<word.length(} ;i++){
rlist.add(i,new HMChar(word.charat({(i})})
H

retorn rlist;

Fig. 2. Suggested solution provided for the loadWord() method.

The method was assessed by awarding 5 marks: 1 mark is awarded for the correct
heading, 3 marks for the correct loop using the add method, and 1 mark for the correct
return type.

8 Discussion of submissions

A total of 182 students submitted the assignment, and only 52 of them provided a
reflective report on the use of GenAl. This was less than expected. All the students who
submitted a report indicated that the use of GenAl as a collaborative partner was very
helpful. Upon closer inspection, the questions posed to GenAl were categorised into
three groups:

1. Directly Related to Instructions: In this category, students essentially asked GenAl
to do the assignment. This includes students who copied and pasted the instructions
verbatim into GenAl, as well as those who asked questions like, “Please provide the
code for a hangman game that ...” mirroring the assignment instructions.

2. Supportive Questions: In this category, students asked questions related to the work
that would aid them in reaching the outcome rather than simply asking GenAl for
the solution. Example questions include:

— “How can a text file be read in Java?”

— “Explain how to select a random word from an array list of words.”
— “How can a word be converted into an array list of characters?”

— “Explain how the hangman game works.”
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— “What is a wrapper class?”

3. Combination of Categories: This category was for students who used a
combination of questions from Category One and Category Two.

When evaluating the questions posed by the students to GenAl, about 19% of
students asked questions that instructed GenAl to provide the code for the assignment
based on the given instructions. Approximately 77% of the students submitting a
reflective report asked related questions, focusing on learning from the responses to
write their own code. Only 4% of students used a combination of the two categories.

By closely examining the loadWord() method. Fig. 3 presents the code as it was
generated using GenAl based on the assignment criteria.

MyArraylList<CharacterWrapper> (String word) {

MyArraylist<CharacterWrapper> wordList = <>();

( c : word.toCharArray()) {
wordList.add(wordList.size(), (c))s

wordList;

Fig. 3. Code for the loadWord() method as provide by GenAl

The word is received in the form of a string, as can be seen in the parameter list. The

method creates an array list of characters and then copies the characters of the word
into a character array list one character at a time. This is done by first converting the
word into a character array and then using the add method of the array list to place the
charters in the list. Note that the size of the list is used as the index position, representing
the last open position in the array list.
It is also important to note the syntax of the for loop. Essentially, for each character in
the character array, a new character is created using the wrapper class and placed at the
position of size(). This syntax is not the same as what is traditionally taught in
textbooks. The colon syntax is specific to certain languages, and textbooks that aim to
teach general programming concepts applicable across multiple languages often do not
cover it. Additionally, it can be argued that students may find this syntax more difficult
to understand due to its abstract nature, which makes the control details of the iteration
less clear. A more understandable version of this for loop would be:

for(int i=0;i<word.length();i++) {
// Code to execute
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This version of the for loop provides a clear structure for initialization, condition
checking, and incrementing, making the loop's mechanics more transparent to learners.

The requirement for students utilizing GenAl to submit a report detailing their usage
was intended to encourage responsible use. However, the number of students who
submitted a report was far less than the number of students who did not submit a report
as can be seen in Fig. 4. .

Further analysis of the code submitted found that 62% of all the students who
submitted the code, submitted a for loop comparable to the one suggested by GenAl.
Despite this, only 29% of students submitted a report, this suggests that many students
did use GenAl without admitting it in a report.

Submission of reports

Report M No Report

Fig. 4. Submission of Reports

Examining the effectiveness of requiring students to document and submit a report
on their GenAl usage, 77% of those who submitted a report demonstrated responsible
use, primarily by asking relevant questions to aid learning rather than relying on GenAl
to provide direct solutions. However, as illustrated in Fig. 5. , the proportion of students
who submitted code similar to the code provided by GenAl, along with a report,
remained consistently high at 66%, compared to the 62% of the overall group. This
suggest that requiring students to document their GenAl usage did not effectively
promote responsible use.

Reflecting on the marks revealed that students did well, with 84 being able to
complete the loadWord() method successfully. It is worth noting that 45 students
submitted code that did not compile. The general rule is that non-compiling code is not
marked. Thus, the loadWord() method could theoretically have been done correctly,
but other errors in the code prevented it from compiling.

The research team was interested to see if the students learned from their take-home
assignment. From the submissions, it appears that most of the students did master the
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specific skill to create the array list. The next phase was to verify their ability in a
controlled environment.

Report Submissionand GenAl usage

M Report GenAl Solution M Report Conventional Solution
Fig. 5. Report Submission and GenAl usage

9 Supervised re-evaluation

Students were presented with a similar question during a sit-down evaluation under
supervision. First, the class for the MyArrayList was provided as in Fig. 6.

public class MyarrayList<E> {
private int =ize;
private E[] data;

pubklic MyArrayLi=st(} {
data = (E[]) new Chject[100];
zize = 07

Fig. 6. Basic class structure for the MyArrayList class

Students were then asked to write a method called load Word() for the class that receives
a word of type string as a parameter and then returns an array list of characters. An
example was also provided: if the parameter for the method is “atlas” The method
should return an array list containing [‘a’,’t’,’l’,’a’, ’s’]. This is a simpler version of the
loadWord() method asked in the assignment, as it does not require the use of the

wrapper class.
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The marking scheme for the supervised assessment was identical to the take-home
assessment in terms of the loadWord() method. Awarding 5 marks: 1 mark for the
correct heading, 3 marks for the correct loop using the add method, and 1 mark for the
correct return type.

Only 2 of the 196 students who completed the evaluation, wrote the method in such
a way that it was 100% functional. Both students used the conventional for loop,
utilizing an int index and the length() method to determine the number of iterations.
The index integer is then used with the chardt() method to place the character at
a specific position in the array list, as proposed in the suggested solution in
Fig. 2.

These two students submitted similar code in their take-home assessments and
provided reports on their use of Al. Notably, they were among the top-performing
students, suggesting strong competence in the subject.

Some students attempted to solve the problem using the solution provided by
GenAl but had difficulty with the for loop using the colon and neglected to convert
the word into a character array first, which resulted in a loss of marks.
Additionally, many students left the question unanswered, focusing only on the
theoretical questions that were also in the evaluation.

Comparing the overall marks is difficult as the take-home assessment also included
other methods to complete the overall assessment. The supervised assessment
also incorporated several theoretical questions. However, considering only the
loadWord() method, the students' performance suggests that students performed
significantly better in the take-home assessment, with 84 students completing the
method successfully, compared to only 2 students who completed it successfully
under supervision.

10 Findings

Using GenAl as a collaborative partner is indeed viable, and students’ reflections
indicate that it helped them tremendously. Based on the responses generated and the
results reported by the students, GenAl was able to write the code for the hangman
game following the instructions provided without difficulty. Even the use of a clever
wrapper class for the character to be stored with a guessed status was not a challenge
for GenAl. The use of a custom MyArrayList instead of the default ArrayList provided
by Java was also doable for GenAl, and the students’ reports reflected this.

However, reflecting on the supervised assessment findings suggests that GenAl may
be the most active participant in this collaboration, which could be problematic.
Overreliance on GenAl, as suggested by the literature, could be a real threat, as the
findings indicate that few students took the time to ensure they had internalized the
solution provided by GenAl for the loadWord() method.

These findings are similar to the findings reported by Friedmann [34]. They suggest
that educational initiatives for critically evaluating GenAl solutions, which prioritize
active code comprehension, must be incorporated. Furthermore, the use of GenAl
should also emphasize explainability, enabling students to understand the reasoning and
the logic of the generated code.
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However, these findings is also contradictory to the finding of Margulieux et al. [35],
who found that instructor fears of over-reliance might be overblown.

Denny et al. [36] highlight that some existing assessment approaches may no longer
be valid and that students must be taught to use GenAl tools responsible to support their
learning instead of becoming over-reliant. Effort have been made to discuss this with
students in class, with the hope that future use of GenAl will be approached with greater
thoughtfulness.

The main purpose of this study was not to reflect on the unethical use of GenAl;
however, students were instructed to submit a report on their use of GenAl if they made
use of the technology. Only 29% of students submitted a report, but 72% of the students
submitted the loadWord() methods as was provided by GenAl, again suggesting that
students use the technology without admitting it.

11  Conclusion

This study explores the use of GenAl in formative assessments. The TPACK
framework was used to integrate technology with education and allow the scrutinization
of all focal points as suggested by the framework. This study adopted a constructivist
stance in terms of pedagogy, using formative assessment with effective feedback to
foster students' understanding and help with self-regulatory activities. The interaction
of GenAl though pair programming, with GenAl as a collaborative partner, exemplifies
the emergent properties of the TPACK framework. By combining technology
knowledge (GenAl), pedagogical knowledge (constructivist and formative assessment
methods), and content knowledge (data structures model), new and innovative teaching
practices emerged. These practices not only enhanced the formative assessment process
but also supported students learning and self-regulation in ways that would not have
been possible through the isolated application of each component.

The integration of GenAl as a collaborative tool in solving computational problems
has demonstrated significant potential. All participating students who completed
reflective reports reported GenAl to be an effective collaborative partner, capable of
assisting in the solving of all problems presented within the assessment. However, the
findings of this study indicate that while students were able to submit functional code,
many of them did so without fully comprehending the underlying concepts. Notably,
not all students who submitted the working code were able to replicate similar solutions
under supervised conditions. This suggests that although students were satisfied with
the problem-solving capabilities of GenAl and the ability to submit operational code,
they did not ensure a thorough understanding of the solutions provided. The primary
challenge identified in this study is to develop strategies that encourage students to
invest the necessary effort to fully grasp the solutions generated by Al.
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Abstract. The integration of Generative Artificial Intelligence (Al) in education
presents significant potential for transforming teaching and learning experiences.
Generative Al tools like ChatGPT can support tasks such as research, coding,
and writing, enabling greater efficiency and personalized support. However,
without guided integration, these tools may lead to unintended consequences
where students may become overly reliant on them, which may diminish their
motivation, critical thinking, creativity, and problem-solving skills. To address
these challenges, this paper explores the application of the Substitution, Augmen-
tation, Modification, and Redefinition (SAMR) model as a pedagogical frame-
work for integrating Generative Al into classroom settings to enhance, rather than
hinder, student learning. The study employs a qualitative case study approach,
drawing on structured instructor observations and aggregated group-level reflec-
tions from a Distributed Systems course assignment. Al tools such as ChatGPT
and GitHub Copilot were allowed to be used for the assignment to support tasks
such as system design, coding, and debugging. The study analyses these interac-
tions through the adapted SAMR lens, identifying both instructional benefits and
pedagogical challenges. Insights from the study indicates that Generative Al en-
hances efficiency and fosters innovation, but also introduces challenges related
to output verification, over-reliance on automation, and uneven Al literacy. The
paper concludes by offering practical strategies for responsible integration of Al
in computer science education and proposes ways educators can scaffold Al use
to promote active learning and critical engagement. It also outlines directions for
future research to better understand the cognitive and ethical implications of Gen-
erative Al in the classroom.

Keywords: Generative AI, SAMR Model, Responsible Al Use, Quality Educa-
tion, Classroom Integration.
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1 Introduction

Generative Artificial Intelligence (Al) has rapidly emerged as a transformative tool in
education, offering new ways to support teaching and learning experiences. This has
therefore prompted widespread discussions on its role in education [1, 2]. Amid this
growing interest, the advent of large language models like ChatGPT has made Al-
generated content and code widely accessible to students and educators. This opens
new possibilities for learning support, for example, students increasingly view Al tools
as vital for enhancing their understanding of complex material by making content more
accessible and understandable. These Al-powered tools such as ChatGPT, GitHub Co-
pilot, and Code Interpreter have gained traction in various disciplines, including Com-
puter Science (CS) education, where they can assist in coding, debugging, system de-
sign, and conceptual learning explanations, and creative problem scenarios. While Al
has the potential to make learning more efficient and personalized, concerns have also
been raised about its misuse [3], potential over-reliance [1], and impact on students'
problem-solving and critical thinking skills [4]. These concerns are especially salient
in technical domains like CS, where computational reasoning and independent prob-
lem-solving are essential [5]. These concerns become particularly relevant when con-
sidering the demands of advanced CS courses, where deep conceptual understanding
and hands-on problem-solving are critical.

In courses such as Distributed Systems in CS education, students are required to
develop a strong grasp of concepts related to parallel computing, cloud-based architec-
tures, networking, and fault tolerance [6]. The introduction of Al into this context pre-
sents opportunities to support learning through automated code generation and debug-
ging assistance. However, without proper pedagogical framing, the use of Al tools in
Distributed Systems education risks replacing, rather than supporting, the critical rea-
soning and problem-solving processes that are essential for mastering core concepts.

To address this challenge, this paper explores the application of the Substitution,
Augmentation, Modification, and Redefinition (SAMR) model as a structured frame-
work for integrating Generative Al into a Distributed Systems course, ensuring that Al
enhances rather than undermines core learning outcomes. The SAMR model provides
a scaffolded approach to evaluating how Al tools can be incorporated to enhance, rather
than diminish, student learning. By adapting this model to reflect Al-specific instruc-
tional opportunities and risks, the study aims to assess how guided Al integration influ-
ences engagement, problem-solving, and conceptual understanding.

Within this context, the objective of this paper is to evaluate the role of generative
Al when applied in a structured manner to a computer science assignment. Specifically,
the study focuses on a Distributed Systems course assignment which was used to ex-
amine how applying the SAMR model to student use of Al influences educational out-
comes. Therefore, providing an understanding of whether a guided integration of Al
can harness learning benefits such as improving engagement or providing creative
problem-solving tools without incurring the downsides of over-reliance.

The remainder of this paper is organized as follows. Section 2 reviews literature on
generative Al in education and examines existing frameworks for technology integra-
tion. Section 3 outlines the study’s methodology, detailing the course context, assign-
ment design, and the application of the SAMR model. Section 4 presents and discusses
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the findings, highlighting implications for learning, engagement, and problem-solving
in computer science education. Section 5 concludes the paper and proposes future di-
rections for research on Al integration in computer science education.

2 Literature Review

Existing research highlights both the potential and risks of Al in education. This litera-
ture review examines existing research on Al integration in education, with a focus on
Computer Science learning environments. It explores how Generative Al has been uti-
lized in coding, debugging, system design, and assessment, while also highlighting
frameworks for structured Al integration to mitigate potential drawbacks. The SAMR
model is also discussed since it is the guiding framework explored for ensuring that Al
use in education remains pedagogically meaningful rather than superficially automating
learning processes.

2.1 Alin Education: Opportunities and Challenges

The Role of Al in Enhancing Learning. The integration of Artificial Intelligence (Al)
in education is transforming learning by enabling personalized, adaptive, and engaging
experiences [7, 8]. Al-powered tools provide customized learning paths, real-time feed-
back, and automated assessments, enhancing both student engagement and instructional
efficiency. Through intelligent tutoring systems, adaptive learning platforms, and vir-
tual simulations, Al tailors content to individual needs, optimizing knowledge retention
and academic performance [9, 10].

In CS education, Al applications have proven particularly valuable in automating
coding processes, debugging errors, and supporting students in analysing system per-
formance. Studies suggest that Al-powered coding assistants such as GitHub Copilot
enable students to write code more efficiently, allowing them to focus on higher-level
problem-solving rather than spending excessive time on syntax-related errors [11, 12].
Al assistants provide personalized support, enhancing the learning experience and re-
ducing anxiety associated with programming [13]. Other studies show that Al tools can
partially or fully solve many university-level programming assignments [14, 15].

Despite these advantages, Al integration in education also presents significant chal-
lenges that must be addressed to maximize its effectiveness.

Risks and Challenges of Al Integration. While Al provides efficiency and accessi-
bility, its unregulated use presents risks, particularly in CS education. A significant
concern is over-reliance on Al-generated solutions, where students may bypass the
problem-solving process altogether, copying Al-generated responses without fully un-
derstanding the logic behind them [16, 17]. This can lead to superficial learning and an
inability to troubleshoot when Al-generated solutions fail.

Another risk is the potential for misinformation, as Al models generate responses
based on probabilistic predictions rather than factual correctness [18, 19]. This means
that Al-generated content, while appearing plausible, may contain inaccuracies or
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misleading explanations, which can negatively impact student learning. Additionally,
the automated nature of Al-assisted debugging may reduce students' engagement with
computational reasoning and manual error correction, leading to weaker debugging
skills over time.

Ethical concerns also arise regarding academic integrity and authorship in Al-
assisted learning [20, 21]. With Al generating large portions of code or research sum-
maries, distinguishing between student-authored work and Al-generated content be-
comes increasingly difficult. This raises concerns about plagiarism and the fairness of
Al-assisted assessments, necessitating clear guidelines and policies on Al use in aca-
demic settings.

Given these challenges, researchers emphasize the need for structured Al integration
frameworks to ensure that Al enhances, rather than diminishes, learning outcomes.

2.2 Technology Integration Frameworks for Al in Education

Various frameworks have been proposed to guide the integration of Al-powered tools
like ChatGPT in education, ensuring that Al enhances learning while maintaining ped-
agogical effectiveness and ethical considerations. The FIRST ADLX framework offers
a comprehensive, human-centred approach applicable to general education, focusing
on AI’s role in improving accessibility and engagement [22]. Similarly, a human-cen-
tred learning and teaching framework has been proposed for K-12 education, empha-
sizing Generative Al’s role in enhancing self-regulated learning and domain knowledge
acquisition [23]. This framework aligns with the Pedagogical Centered Al (PCAI)
framework, which highlights the importance of designing Al applications specifically
for educational purposes, rather than simply adapting Al based on past technological
trends in education [24].

The DATS framework, on the other hand, takes a multi-stakeholder approach, incor-
porating insights from developers, administrators, teachers, and students to optimize Al
implementation in school settings [25]. Another model, the IDEE framework by Su and
Yang (2023), structures Al integration around four key pillars: identifying desired
learning outcomes, determining appropriate levels of automation, upholding ethical
standards, and evaluating AI’s impact on education [26]. Estrellado and Millar’s
(2023) micro-level framework for K—12 education prioritizes pedagogical redesign and
ethical application, ensuring that Al aligns with developmentally appropriate teaching
methods [27].

These frameworks collectively highlight the need for structured Al adoption in edu-
cation, balancing technological innovation with ethical safeguards to support effective
and responsible Al-driven learning environments.

2.3 The SAMR Model for Al Integration

One of the most recognized models for integrating technology in education is the
SAMR model, developed by Puentedura (2006) [28]. The SAMR model depicted in
Figure 1 categorizes technology integration into four progressive levels, ensuring that
Al tools transition from simple automation to deeper cognitive engagement.
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Fig. 1. The four levels of the SAMR Model [28]

At the Substitution level, technology replaces traditional tasks without altering the
learning process. For example, digital textbooks replace physical ones, or Al-generated
summaries replace manual notetaking. While this increases efficiency, it does not en-
hance cognitive engagement. With Augmentation level, technology enhances tasks by
improving functionality. Al-assisted grammar correction, real-time feedback, and in-
teractive quizzes streamline learning, though over-reliance may reduce independent
skill development. At the Modification level, technology transforms learning activities.
Adaptive learning platforms, Al-powered tutoring, and interactive simulations person-
alize instruction and promote deeper engagement, requiring students to critically assess
Al-generated insights. At the Redefinition level, technology enables entirely new learn-
ing experiences, such as Al-assisted scientific experiments, real-time collaborative
problem-solving, and immersive virtual environments. These innovations expand edu-
cational possibilities while emphasizing the need for students to maintain active en-
gagement in their learning process.

While emerging frameworks such as IDEE [26], DATS [25], and PCAI [24] offer
valuable perspectives for system-level or policy-oriented Al integration, the SAMR
model provides a classroom-focused lens for analysing how specific learning tasks
evolve through the use of technology. Given the assignment-based nature of our case
study, SAMR offers a practical scaffold for mapping the progression of Al use in rela-
tion to pedagogical intent and student engagement.

3 Methodology

This study adopts a qualitative case-study approach to explore the integration of Gen-
erative Al in a Distributed Systems course assignment, using the SAMR model as the
guiding analytical framework. This qualitative study focuses on how Al tools shaped
learning in an actual classroom assignment. The study uses instructor observation, ag-
gregated group-level reflections, and thematic analysis to evaluate learning outcomes
and pedagogical implications.
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The following sections outline the case study with the course context, assignment task,
SAMR adaptation and data collection methods that guided this study.

31 Case Study: Al Integration in a Distributed Systems Course

Course Context. The study focuses on an Honours-level Distributed Systems course,
a postgraduate module that builds on foundational knowledge of cloud computing, net-
working, and fault-tolerant architectures. The course emphasizes both theoretical prin-
ciples and hands-on application, preparing students to design, implement, and evaluate
scalable distributed systems. As part of the instructional strategy to bridge the transition
between undergraduate and advanced postgraduate coursework, students were assigned
an introductory task early in the semester to activate prior learning and transition into
more complex systems thinking. This introductory assignment served as a knowledge-
elicitation activity, encouraging students to revisit key concepts while applying new
problem-solving strategies. Thirteen students were enrolled in the course and divided
into four collaborative teams, each responsible for completing and presenting the as-
signment. Observations and reflections were gathered at the group level during presen-
tation sessions rather than through individual data collection methods.

Assignment Task. Students were tasked with designing an online gaming platform that
could support real-time player interactions, scalable cloud infrastructure, and self-man-
agement capabilities. By addressing critical distributed systems challenges, students
were encouraged to revisit their understanding of client-server vs. peer-to-peer models,
middleware solutions, and resource allocation strategies. Students were allowed to use
Generative Al tools such as ChatGPT, GitHub Copilot, and Code Interpreter during the
development process to support tasks such as research, coding, debugging, and perfor-
mance optimization.
The assignment was structured into individual and group components.

Individual Component. Each student completed an initial conceptual analysis, address-
ing the following discussion questions:

1. What features of distributed systems would you prioritize to ensure low latency and
high availability for the gaming platform?

2. How does the choice of a client-server model versus a peer-to-peer model impact
system performance and scalability?

3. Which architectural style is most appropriate for the platform, and how does mid-
dleware contribute to self-management?

4. How can self-management features optimize resource allocation in response to user
demand?

Group Component and Presentation. Building upon their individual work, students col-
laborated in groups to:
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1. Design a prototype communication architecture, illustrating data flow, server archi-
tecture, and network protocols using diagrams and flowcharts.

2. Conduct a case study on an existing online gaming platform, comparing its distrib-
uted system architecture with their own proposed design.

3. Present their findings, including their reflections on AI’s role in research, coding,
debugging, and system optimization.

3.2  The Adapted SAMR Model for Generative Al

To tailor the SAMR model to the context of Generative Al in computer science educa-
tion, each level was redefined to reflect the unique affordances and instructional impli-
cations of Al tools. At the Substitution level, Al replaces routine tasks such as code
scaffolding or concept summarization. Augmentation involves Al-enhanced debugging
or explanatory feedback. Modification reflects Al's ability to reshape system testing
and simulation. Redefinition captures transformative applications, such as Al-driven
adaptive infrastructure and self-optimizing systems. These reinterpretations provide a
scaffolded framework to support meaningful and progressive integration of Al in the
classroom. Table 1 illustrates how these levels map onto specific Al functionalities and
learning impacts.

Table 1. The Adapted SAMR Model for Al in Computer Science Education

SAMR Level AD’s Role in Learning Impact on Student Engagement

Substitution Al assists in research, provides ex- | Faster access to knowledge, re-
planations, and generates boiler- duced time spent on routine tasks.
plate code.

Augmentation | Al enhances debugging, automates | Students solve problems faster, re-
syntax corrections, and optimizes ceive instant feedback on errors.
code efficiency.

Modification | Al transforms system testing Students explore dynamic system
through Al-generated simulations behaviours and real-world scenar-
and failure scenario analysis. i0s.

Redefinition | Al enables self-optimizing distrib- Encourages innovation, as students
uted systems and Al-driven deci- explore Al-enhanced architectures.
sion-making models.

This Adapted SAMR Model for Generative Al provides a structured approach to
integrating Al in CS coursework, ensuring that Al is used to enhance problem-solving,
debugging, and experimentation while avoiding cognitive shortcuts.

3.3 SAMR-Based Adaptation for the Assignment

The SAMR model was used to structure Al integration into the assignment, ensuring
that Al use progressed from basic automation (Substitution) to transformative learning
(Redefinition). Table 2 maps each SAMR stage to specific Al functionalities in the
Distributed Systems assignment.
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Table 2. AI’s Role in the Distributed Systems Assignment Using the SAMR Model

SAMR Level AD’s Role in the As- Student Learning Pedagogical Consid-

signment Outcomes erations

Substitution Al-assisted research Students accessed Required cross-refer-
for retrieving distrib- faster explanations and | encing of Al-generated
uted computing con- structured documenta- | content to avoid misin-
cepts and Al-generated | tion, aiding knowledge | formation.
boilerplate code for ar- | retrieval.
chitecture implementa-
tion.

Augmentation | Al-assisted debugging | Faster troubleshooting | Ensured that students
and performance tun- and performance im- justified Al-driven op-
ing for real-time gam- | provements; students timizations to prevent
ing infrastructure. iterated more effi- passive learning.

ciently.

Modification | Al-generated test cases | Students actively Emphasized validating
and system simula- tested failure scenarios | Al-generated results
tions for evaluating and optimized system | manually to enhance
network resilience. fault tolerance. conceptual under-

standing.

Redefinition | Al-assisted self-opti- Encouraged students Required additional
mizing cloud infra- to develop Al-driven training on Al-assisted
structure, enabling scaling mechanisms optimization tech-
adaptive resource scal- | for distributed sys- niques to bridge
ing. tems. knowledge gaps.

3.4  Data Collection and Analysis

To assess the impact of Al integration on student learning, data was gathered from three
primary sources: structured instructor observations, group-level reflections elicited dur-
ing presentations, and a SAMR-based task analysis. Students were informed at the out-
set that their coursework and reflections might contribute to ongoing research on Al in
education. The collected data were analysed using thematic analysis to identify patterns
in how students engaged with Al tools, the challenges they encountered, and the peda-
gogical value derived from Al-supported learning activities.

Instructor observations were recorded using a structured log that captured notable
instances of Al use during key phases such as design, debugging, and testing. These
observations noted the tools used, how students interacted with them, and whether the
Al tools supported or hindered critical thinking. For example, one group used ChatGPT
to scaffold their communication architecture, while another relied on GitHub Copilot
to debug code without consistently validating outputs. The log provided rich contextual
insights into the depth of student engagement and their reliance on Al-generated assis-
tance.

Group-level reflections were collected during assignment presentations. Each group
was asked to comment on their experience with Al tools, including the benefits, chal-
lenges, and how they verified Al outputs. Although responses varied, they generally
addressed whether Al supported deeper learning or introduced uncertainty. These
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reflections, documented in real-time, served as self-assessment opportunities and re-
vealed how students navigated the balance between Al support and independent rea-
soning.

In parallel, a SAMR-based task analysis was conducted to classify how Al tools were
applied across different stages of cognitive transformation. The analysis mapped ob-
served activities to the SAMR framework ranging from substitution (such as Al-
assisted content retrieval) to redefinition (such as creating adaptive, Al-optimized in-
frastructure). This mapping helped identify whether students were using Al to automate
routine tasks or to enable learning experiences not previously possible.

4 Results and Discussion

4.1  Overview of Findings

The results of this study reveal both benefits and challenges of integrating Generative
Al into a Distributed Systems course assignment. The analysis highlights AI’s impact
on student engagement, problem-solving, learning autonomy, and computational think-
ing skills.

Findings suggest that Al significantly enhanced efficiency, debugging accuracy, and
system optimization, particularly at the Augmentation and Modification stages. How-
ever, concerns emerged regarding over-reliance on Al-generated code, passive learning
behaviours, and challenges in critically assessing Al outputs. The group presentations
served as a critical reflection point, where students evaluated both the advantages and
limitations of Al assistance, highlighting the importance of structured Al integration to
balance efficiency gains with deep learning experiences.

Table 3 summarizes how Al influenced learning at each SAMR level, based on stu-
dent reflection and identified challenges. The results are structured according to the
SAMR model, categorizing Al’s role in learning at each level.

4.2  AD’s Role at Different SAMR Levels in the Distributed Systems
Assignment

Substitution: Supporting Access and Retrieval. At the Substitution level, students
used Al to replace traditional research methods when gathering information on distrib-
uted computing principles, storage architectures, and fault tolerance mechanisms. Al-
assisted content retrieval was particularly useful in summarizing complex theories and
generating code templates for standard algorithms. While many students found Al-
generated explanations easier to understand complex topics than traditional sources,
particularly in areas where textbooks provided dense theoretical explanations. Some
students relied too heavily on Al-generated text without verifying accuracy. Students
who cross-checked Al outputs with academic references demonstrated deeper concep-
tual understanding, while those who did not were prone to misconceptions. Thus, while
Al improved accessibility to distributed computing concepts, structured verification ex-
ercises should be integrated into Al-assisted coursework to prevent passive learning.
Al at the Substitution level was beneficial for speed and accessibility, but without
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structured oversight, it encouraged passive learning. This aligns with previous research
indicating that Al-enhanced research must be paired with validation mechanisms to
ensure accuracy [29].

Table 3. AI’s Impact on the Distributed Systems Assignment Using the SAMR Model

SAMR Level AD’s Role in the As- Student Reflections | Challenges Identified
signment from Presentations
Substitution Al-assisted research Al simplified access to | Some students ac-
and Al-generated boil- | distributed computing | cepted Al-generated
erplate code for sys- concepts, improving summaries without un-
tem design. knowledge retrieval. derstanding it and ver-
ification, leading to in-
accuracies.
Augmentation | Al-assisted debugging | Faster troubleshooting | Some relied on Al-
and performance tun- and optimization; Al generated fixes with-
ing for server architec- | reduced debugging out manually validat-
ture. frustrations. ing logic. without veri-
fying correctness.
Modification | Al-generated test cases | Students actively Some failed to criti-
and system simula- tested fault tolerance cally assess Al-
tions for failure analy- | and scalability, im- generated test scenar-
sis. proving system design. | ios, leading to false
confidence in system
resilience.
Redefinition | Al-driven self-opti- Encouraged students Some struggled with
mizing cloud infra- to experiment with implementing Al-
structure, enabling dy- | real-world Al-driven based optimizations,
namic scaling. optimizations. highlighting gaps in
Al literacy.

Augmentation: Enhancing Debugging and System Optimization. At the Augmen-
tation level, Al enhanced troubleshooting and performance tuning, enabling students to
debug distributed communication protocols, optimize load-balancing mechanisms, and
improve overall system performance. Al-generated suggestions significantly reduced
debugging time by providing instant feedback on errors and recommendations for net-
work latency improvements. Students reported fewer debugging frustrations, as Al of-
ten offered quick solutions to issues that would have taken hours to resolve manually.
However, some students applied Al-generated fixes without fully understanding the
underlying logic, leading to misinterpretations of system behaviour. Instructor obser-
vations indicated that students who validated Al-generated solutions developed
stronger debugging skills, while those who relied solely on Al struggled to troubleshoot
independently. These findings suggest that while Al can improve efficiency, structured
reflection activities are essential to help students analyse and justify Al-driven optimi-
zations. This aligns with research advocating for pedagogical strategies that promote
responsible and ethical Al use [30] and calls for institutional frameworks that support
critical engagement with Al tools in educational settings [31].
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Modification: AI Reshaping System Design and Testing. At the Modification level,
Al fundamentally reshaped how students conducted system testing and performance
benchmarking. Using Al-generated test cases and simulations, students were able to
dynamically evaluate aspects such as fault tolerance, load balancing, and system scala-
bility under realistic conditions. Students reflected positively on these Al-powered sim-
ulations, noting they enabled systematic exploration of complex failure scenarios that
would otherwise have been challenging or overly time-consuming to replicate manu-
ally. Nevertheless, some students placed excessive trust in Al-generated test scenarios
without sufficient critical assessment, leading to a false sense of system robustness.
Instructor observations corroborated this issue, highlighting the importance of manu-
ally verifying Al-generated scenarios against real-world conditions to ensure accuracy
and deepen students' conceptual understanding. Consequently, educators should com-
plement Al-driven testing with structured manual validation exercises, encouraging
critical engagement and ensuring students retain essential problem-solving and analyt-
ical skills. This aligns with previous studies highlighting the importance of combining
Al-generated test cases with instructor-led validation to promote deeper conceptual un-
derstanding. [32].

Redefinition: AI Enabling Innovation in Distributed System Optimization. At the
Redefinition level, Al enabled tasks that were previously impractical due to time con-
straints or complexity, allowing students to develop self-optimizing cloud infrastruc-
ture, incorporating dynamic resource scaling, Al-driven failure recovery, and auto-
mated performance adjustments. Some students successfully designed Al-assisted load
balancers that adapted in real time based on network traffic variations, demonstrating
higher-order problem-solving and innovation. Al-assisted optimizations led to higher-
performing systems, as students could explore real-world scalability techniques beyond
standard coursework requirements. However, others found Al-driven optimization
strategies too complex to fully implement. Instructor observations showed that while
Al encouraged experimentation, only those with stronger foundational knowledge were
able to fully leverage its capabilities. The most engaged students used Al as a collabo-
rative tool, integrating it meaningfully into complex system design. Al at the Redefini-
tion level opened new pathways for experimentation and real-world system design, al-
lowing students to explore cutting-edge optimization techniques. These results rein-
force the idea that Al, when integrated into high-level problem-solving tasks, fosters
innovation [33, 34].

4.3 Implications for CS Education

The findings of this study underscore the transformative potential of Generative Al in
CS education, particularly in areas such as debugging, system design, and performance
optimization. However, the results also highlight critical challenges, including over-
reliance on Al-generated solutions and the risk of passive learning when Al is not used
with appropriate pedagogical guidance. To maximize Al’s benefits while mitigating its
drawbacks, structured integration strategies are essential. This section discusses key
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takeaways and their implications for CS education, focusing on enhancing learning
through Al while maintaining critical thinking, balancing Al assistance with human
oversight, and adapting assessments to reflect Al’s role in software development and
system design.

Enhancing Learning Through AI while Maintaining Critical Thinking. Findings
suggest that Al can significantly enhance CS learning when used appropriately, partic-
ularly at the Augmentation and Modification levels. However, without structured ped-
agogical guidance, students may accept Al-generated solutions without proper evalua-
tion, leading to misconceptions or passive learning.

To ensure that Al serves as a cognitive tool rather than an automation shortcut, CS
educators must implement structured Al-verification exercises that require students to
cross-check Al-generated content against manual problem-solving techniques. Encour-
aging self-reflection and documentation of Al interactions can further ensure that stu-
dents analyse Al-assisted suggestions critically rather than applying them without con-
sideration. Ultimately, Al should be positioned as a tool that enhances computational
reasoning rather than replacing the problem-solving process.

Balancing Al Assistance with Human Oversight. One of the key challenges identi-
fied in this study was students’ tendency to over-rely on Al-generated debugging and
design recommendations, particularly in troubleshooting system inefficiencies and op-
timizing network performance. While Al greatly reduced debugging frustrations and
improved efficiency, students who accepted Al-generated optimizations without ques-
tioning their validity often struggled when asked to manually resolve errors or justify
design decisions. This suggests that Al must not replace traditional problem-solving
skills but rather complement and refine them.

To address this issue, CS educators should introduce Al-verification activities where
students are required to compare Al-generated debugging suggestions with manual
troubleshooting techniques. Additionally, peer collaboration should be encouraged, al-
lowing students to critique and discuss Al-assisted optimizations before implementa-
tion. By fostering human oversight in Al-assisted learning, students can develop a more
critical approach to Al-generated content, ensuring they engage with the material in a
meaningful and analytical manner.

Adapting CS Assessments to Account for AI’s Role. As Al continues to integrate
into software development and system design, CS assessments must evolve to reflect
its growing influence. Traditional assessment methods that focus purely on code imple-
mentation or system design may no longer be sufficient in an Al-augmented learning
environment. Instead, educators must develop assessment strategies that evaluate not
only students' final outputs but also their engagement with Al tools.

One essential adaptation is requiring students to justify Al-driven design decisions,
ensuring they understand system optimizations rather than simply implementing Al-
generated recommendations. This can be achieved through reflective reports, Al en-
gagement logs, or structured discussion prompts, where students articulate how Al
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contributed to their work and where human decision-making was necessary. Addition-
ally, Al-integrated grading rubrics should be designed to assess how effectively stu-
dents engage with Al tools, rewarding critical evaluation, independent decision-mak-
ing, and the ability to distinguish between useful and misleading Al-generated outputs.

Preparing Students for AI-Augmented Workflows. Beyond academic coursework,
Al is becoming a permanent fixture in professional software development workflows,
necessitating Al literacy training in CS curricula. Students must be equipped with the
skills to critically assess Al-generated code, understand Al biases, and make informed
decisions when incorporating Al assistance into their work. This study revealed that
students who had prior exposure to Al-assisted tools were better able to navigate com-
plex Al-generated optimizations, whereas those encountering Al-driven decision-mak-
ing for the first time faced steeper learning curves and implementation challenges.

To better prepare students for Al-augmented workflows, educators should integrate
Al literacy modules into CS courses, covering topics such as Al bias, ethical consider-
ations in Al-assisted coding, and best practices for Al-assisted debugging and optimi-
zation. Additionally, assignments should be structured to balance Al-driven problem-
solving with manual coding exercises, ensuring that students retain core computational
thinking skills while leveraging Al for efficiency and innovation.

5 Conclusion and Future Directions

This study explored the integration of Generative Al into an advanced Distributed Sys-
tems course, using the SAMR framework to assess its impact on student learning, en-
gagement, and problem-solving. The findings demonstrate that Al served as a valuable
learning accelerator, enhancing efficiency, debugging accuracy, and system optimiza-
tion especially at the Augmentation and Modification levels. However, concerns
emerged regarding over-reliance on Al-generated content, reduced engagement in man-
ual problem-solving, and difficulties in critically assessing Al-generated outputs.

When used purposefully, Al served as an effective scaffolding tool, supporting con-
ceptual understanding, troubleshooting, iterative testing, and exploration of complex
system behaviours. These outcomes suggest that Generative Al has strong potential to
enrich learning experiences and support higher-order problem-solving. However, with-
out structured guidance, Al use can encourage passive engagement and undermine the
development of essential computing competencies. As Al becomes more prevalent in
professional software engineering, computer science education must adapt to foster
critical engagement and promote a balanced use of Al alongside independent problem-
solving skills.

The study is limited in scope to a single course, involving a small cohort within a
Computer Science postgraduate program. The findings are based on aggregated student
reflections and structured instructor observations rather than individual student feed-
back. As such, the results may not be fully generalizable to other educational settings
or disciplines. Nevertheless, the insights offer a valuable foundation for guiding Al in-
tegration in other STEM-based learning environments.

© Copyright: The Authors
Proceedings of the 54th Annual Conference of the Southern African Computer Lecturers' Association (SACLA 2025)
ISBN: 978-1-0370-5208-8



SAMR Model for Effective Classroom Integration of Generative Al 217

To deepen the understanding of AI’s pedagogical impact, future studies should in-
clude direct student perceptions collected through surveys, interviews, or focus groups
to complement instructor observations and aggregated group reflections. This will offer
richer insight into students’ cognitive processes, learning preferences, and perceived
benefits or limitations of Al tools.

Several other avenues for future research are also proposed. First, longitudinal stud-
ies should assess the lasting effects of Al-assisted learning across multiple semesters,
exploring how continued exposure influences students’ ability to tackle novel compu-
ting challenges independently. Second, there is a need to develop Al-integrated assess-
ment models that evaluate not only student outputs but also their engagement with Al
tools, decision-making processes, and ability to justify Al-supported solutions. Rubrics
should reflect the reality of Al-augmented professional workflows while preserving the
value of independent problem-solving. Third, future research should investigate collab-
orative Al use in group-based settings, focusing on how Al shapes peer interactions,
team-based debugging, and collective system design. This study found group presenta-
tions useful for surfacing reflection, suggesting structured peer critique around Al use
can further enrich learning. Finally, as Al technologies continue to evolve, it is crucial
to examine how improvements in Al model capabilities such as better reasoning, more
transparent explanations, and adaptive problem-solving affect student learning out-
comes and interaction patterns. Ongoing evaluation of newer Al models will ensure
that pedagogy evolves in tandem with technological change, equipping students with
both technical proficiency and critical Al literacy.

In summary, while Generative Al offers significant pedagogical value in distributed
computing education, its integration must be intentional, critically guided, and peda-
gogically aligned to ensure meaningful, lasting learning outcomes.
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Abstract. Academic conferences serve as a platform to present recent research,
remain current with the latest developments in a specific study field and engage
in meaningful dialogue with professional colleagues. The Southern African Com-
puter Lecturers’ Association (SACLA) is a formal academic association involved
in teaching Computer Science (CS), Information Systems (IS) and related Infor-
mation Technology (IT) at universities throughout Southern Africa. The SACLA
conference has been hosted annually for the past 53 years in different locations
in Southern Africa and has been attended by over 500 academics and researchers
over the past 10 years. The theoretical basis for successful conference organisa-
tion and management is grounded in the Theory of Events and the use of the
academic conference model. It is recommended that conference organisers regu-
larly request delegates to evaluate the conference they attended. SACLA confer-
ences have not been formally evaluated by delegates. The aim of this study was
to assess delegates’ satisfaction with the SACLA 2024 conference held in July
2024 in Port Elizabeth, South Africa and to provide recommendations for organ-
isers of future SACLA conferences based on delegate feedback. An online survey
was conducted using QuestionPro and the findings were statistically and themat-
ically analysed. The findings indicate that delegates enjoyed the location, found
the conference well-organised and appreciated the Springer publication. The con-
ference provided networking opportunities and younger academics valued the
opportunity to present their research findings. Delegates also expressed interest
in having more workshops, panel discussions and excursions included in the con-
ference fee. The study identifies key factors SACLA conference organisers
should consider when planning and organising future SACLA conferences.

Keywords: Conference evaluation, SACLA, delegate perceptions, conference
success factors.

1 Introduction

Conferences are an important component of an academic’s career and provide oppor-
tunities to connect with peers, present research papers, develop professionally and en-
gage with others sharing their latest research findings [1]. Academic conferences are
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community builders through networking, both formally and informally [2]. Confer-
ences offer an opportunity to engage with experts, which is critical for educators to stay
up to date with new research and teaching practices in their field and share knowledge
[3]. Such academic events encourage dialogue and knowledge-sharing among dele-
gates, while also playing a key role in academic growth and lifelong professional de-
velopment [4].

The factors that affect the hosting of successful conferences are based on the Theory
of Events [5]. The Theory of Events is grounded in the participant’s perspective of an
event, such as an academic conference, and identifies five key factors of the delegate’s
experience of the conference. The factors included logistics, behaviours, group setting,
safety and security, and shared purpose. The Theory of Events was extended by Calitz
and Cullen [6], who added four additional factors for hosting successful academic con-
ferences, namely, quality assurance, academic value, costs and funding, and location.

Academic conference evaluations offer valuable feedback on delegates’ perceptions
to conference organisers [7]. Conference evaluations aim to measure achieved out-
comes, identify challenges encountered and provide organisers with actionable recom-
mendations for future improvements [8; 9].

The Southern African Computer Lecturers’ Association (SACLA) conferences have
been hosted by various universities across different locations over the past 53 years
[10]. However, the perceptions of an annual SACLA conference have not been formally
evaluated to date. Most recently, the 53 SACLA 2024 conference was hosted by the
Nelson Mandela University in Port Elizabeth, South Africa. The 86 conference dele-
gates who attended the conference were requested to complete the first SACLA con-
ference survey. This paper presents the findings of the survey.

Section 2 discusses the research problem and objective. Section 3 reviews literature
on the factors identified for successful conferences. Section 4 provides background re-
garding the SACLA conference organisation. Section 5 outlines the research method-
ology and Section 6 presents the SACLA 2024 conference survey results. Section 7
discusses conclusions and recommendations of this study, relevant to universities host-
ing future SACLA conferences and future work.

2 The Research Problem and Research Objectives

Academic conferences play a vital role in advancing research and professional devel-
opment by enabling academics to share research findings, receive feedback, stay up-
dated on disciplinary trends, and engage in professional networking [11; 12]. Academic
conferences also offer valuable opportunities for young and early-career academics to
develop teaching and research competencies, as well as build confidence [11].

This study addresses the lack of research into key factors influencing the success of
SACLA conferences. The research question addressed in this study is: What are dele-
gates' perceptions of the SACLA 2024 conference in terms of organisation, academic
content and logistics? The objective was to provide feedback and guidelines to support
the effective organisation of future SACLA conferences.
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3 Literature review
3.1 Theoretical foundations for academic conferences

The Theory of Events identifies five key factors that shape the delegate experience at a
conference: logistics, behaviours, group setting, safety and security, and shared purpose
[5]. In addition, the following academic theories pertain to academic conferences: Mo-
tivation theory, Learning theory, and Human Capital theory [13]. Motivation theory
[14] explains the underlying reasons why academics attend conferences, such as oppor-
tunities for networking, publication, and exposure to new environments. Learning the-
ory is applicable because academic conferences serve as platforms for knowledge shar-
ing and learning for both early-career and experienced academics. Such learning is fur-
ther enhanced by cross-cultural collaboration at international conferences and reflective
engagement [15]. Human Capital theory suggests individuals invest in activities that
enhance their future prospects and well-being [16]. Attending academic conferences
can boost professional visibility and enable researchers to disseminate their work.

3.2 A model for academic conference success

Academic conference organisers must consider both logistical and academic dimen-
sions when planning successful events. While the Theory of Events highlights five key
factors influencing the delegate experience, this framework has been extended by Calitz
and Cullen [6] to better reflect the specific context of academic conferencing. Their
model incorporates additional factors that are critical for academic event success and
proposes additional components to some of the existing factors. The additional factors
are costs and funding, location, academic value and quality assurance. Together, these
nine factors form a comprehensive model for understanding and improving the aca-
demic conference experience (see Fig. 1). The section that follows provides a detailed
discussion of these factors and how they contribute to conference success.

Shared Purpose

Networking Conference format

Behaviours

Group Setting

Quality |
‘ Costs. &
| funding
Academic |
value

Transportation
Travel arrangements
Visas

Safety & Security | Logistics

Venue
Accommodation

Fig. 1. Academic conference model [6].
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3.3  Key factors for academic conference success

Building on the theoretical foundations discussed in Section 3.1 and the model intro-
duced in Section 3.2, the following subsections explore the nine factors identified by
Calitz and Cullen [6] that influence the success of academic conferences.

Shared purpose. Attending conferences is part of ongoing academic professional de-
velopment, which includes formal and informal learning [17]. A shared purpose is an
essential part of forming a cohesive and professional academic body [18]. Academic
conferences create the opportunity for academics to focus on a shared purpose [5]. This
is evident in the conference themes, keynote speakers and workshops.

Group setting (incl. Conference format). Academic conferences are inherently social
spaces. The group setting encourages interaction, collaboration, and engagement with
peers [5]. Whether through structured sessions or informal networking, conferences
provide opportunities for individuals to join a broader academic community. Science
is a social enterprise and the conference setting plays a critical role in enabling this
dynamic [1]. The format of the conference significantly influences the nature and qual-
ity of these group interactions. Key format components include the number of tracks,
duration of sessions, number of delegates and the delivery model (in-person, virtual, or
hybrid).

Costs and funding. Academics are facing increasingly constrained budgets for confer-
ence attendance [19]. Attending and participating in conferences can be costly and chal-
lenging, even though they provide an excellent opportunity for academics to engage
with their peers, learn from experts, collaborate and share their knowledge and experi-
ences [3].

Logistics (incl. Transportation, Travel Arrangements and Visas). The management
and organisation of conferences depend on logistics [20]. This includes travel to and
from the location and visas if required. Travel arrangements, travel time, distance, and
mode of transport are important considerations for delegates, as well as the effort to
obtain a visa. Visa costs are an important consideration when attending an international
conference [6].

Location (incl. Venue and Accommodation). The location and available accommo-
dation are critical factors that influence an academic’s decision to attend a conference
[6]. Satisfaction with the accommodation is part of the ‘conference package’ and leads
to preserving the reputation and convincing attendees to attend the same conference
again [21].

Safety and Security. Conference organisers must take both traditional safety measures
and new hygiene measures into account for the conference to be attractive and well
supported [22]. Safety and security are directly linked to the choice of location [6].
Sexism and terrorism have emerged as new social security issues, which need to be
considered [23].

Academic value. Conference attendance has academic value as it forms part of career
self-development strategies [17]. Presenting your research at a conference can provide
valuable feedback from peers and experts. Conferences can also contribute to personal
growth [24]. Academic conferences are relevant learning spaces for academics as they
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allow researchers to stay connected with their peers and keep abreast of cutting-edge
research [25].

Quality assurance. Quality assurance is part of academic life, applications, manuscript
submissions, tenure and promotion [26]. Standards and guidelines, be it through peer
review for research funding, are instruments that enable evidence-based recommenda-
tions to be disseminated and complied with to enable quality management [27]. Peer
review is one of these quality measures and continues to be regarded as the best method
of scientific evaluation and should be adopted by all academic conferences [28].

Behaviours (incl. Networking). Behaviours refer to how delegates engage with others
during a conference [5]. Attending conferences can strengthen bonds and connections
amongst academics [29]. Networking, a key behavioural component, enables collabo-
ration, mentorship, and the formation of academic partnerships [24, 25]. These interac-
tions, whether through structured sessions or informal encounters, enhance visibility
and contribute to career development. As Mair et al. [30] note, networking opportuni-
ties are among the primary motivations for conference attendance.

4 Overview of SACLA Conference Organisation

SACLA management structure. SACLA is managed by a committee comprising four
permanent members (president, past president, secretary and treasurer), elected every
three years, as well as the conference chairs of the previous, current, and upcoming
SACLA conferences. The SACLA constitution and management documentation are
publicly available on the official SACLA website (http://www.sacla.org.za). Presently,
the website is hosted by Rhodes University and managed by Prof George Wells (De-
partment of Computer Science).

The Annual General Meeting (AGM) takes place during the annual conference. The
SACLA 2024 AGM was attended by 47 delegates and included a Chairman’s Report,
Conference finances, and organisation. Additional topics discussed included IFIB,
SACLA professional membership and SACAB. AGM minutes are also available on the
SACLA website.

SACLA Membership. Membership of the SACLA is voluntary and includes all
CS/IS/IT academics attending the AGM. A new membership arrangement was dis-
cussed at the 2024 AGM, providing for a more professional membership status, includ-
ing the post-nominal title Member of SACLA (MSACLA). A SACLA membership da-
tabase is being investigated, including application requirements.

Conference organisation manual. An official SACLA conference organisation man-
ual is available from the SACLA Secretary. The manual is updated annually and ex-
plains the SACLA conference organisation processes and requirements.

Hosting and conference cycle. Since its inception, SACLA has been hosted annually
by various universities across Southern Africa, with a general policy of alternating be-
tween coastal and inland venues. The conference typically takes place in July and will,
for the next few years, be co-located with the South African Institute of Computer Sci-
entists and Information Technologists (SAICSIT) and the Association for Information
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Systems Southern African Chapter (AISSAC) conferences. Hosting responsibilities are
confirmed several years in advance to support long-term planning.

Table 1 outlines the hosting, paper acceptance rates, and number of attendees for all
conferences from 2014 to 2024. For the first five conferences listed, the number of
attendees has been calculated based on the AGM conference attendance list. The 2025
conference will be hosted by the University of the Free State (UFS).

Table 1. SACLA hosting and paper acceptance

Year Host Total Accepted  Springer Conference ~ WIP No. of
papers Proceedings attendees
2014  NMU 53 21 (47%) - 21 (47%) 4 20+
2015 WITS IS 55 27 (49%) - 27 (49%) 0 25+
2016 UPCS 30 16 (53%) 16 (53%) - 0 28+
2017 NWU 63 40 (63%) 22 (35%) 18 (29%) 0 41+
2018 UCT 77 47 (61%) 23 (30%) 24 (31%) 0 45+
2019  UNISA 59 27 (46%) 16 (27%) 11 (19%) 4 58
2020 RU 55 20 (38%) 13 (24%) 8 (15%) 6 110 virtual
2021 uJ 22 10 (43%) 10 (43%) - 0 72 virtual
2022 US 31 10(32%) 10 (32%) - 0 40
2023 NwWU 43 24 (59%) 10 (24%) 12 (28%) 0 90
2024 NMU 53 31(57%) 10(19%) 20 (38%) 1 86

SACLA Conference Themes. The conference themes (see Table 2) have focused on
CS/IS/IT education and environmental impacts, such as teaching during COVID-19 and
more recently, the impact of Artificial Intelligence (AI) on CS/IS/IT education.

Table 2. SACLA conference themes

Year Host Theme
2019 UNISA Computing Matters of Course!

2020 Rhodes TL; DR: Teaching the New Generation!

2021 UJ Post Pandemic Pedagogy

2022 US Not available

2023 NWU Teach the Future: CS, IS, & IT Education in a Changing World

2024 NMU Humanising and Innovative Teaching and Learning

2025 UFS Innovation in CS, IS, and IT Education: Navigating the Next Frontier

Publications. The annual SACLA conference publications include the following:
o Springer publication, selection of the best up to 30% of the accepted papers;
e Conference proceedings (containing the remaining accepted papers); and
e Work-In-Progress (WIP) papers, published in a dedicated WIP Booklet.
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SACLA Conference International Programme Committee. The review process fol-
lowed is a double-blind review. The international programme committee consists of
around 40-60 local and international members.

Conference Keynote Speakers. The first recorded conference keynote speaker was
Ewan Page of IBM in 1971. Nicklaus Wirth, a Swiss computer scientist who designed
several programming languages, including Pascal, was the guest speaker in 1987. Other
well-known computer scientists who delivered keynotes included Ed Coffman in 1991,
Heikki Topi in 2010, and Basie von Solms in 2021 [31]. The SACLA 2024 organising
committee invited three sponsors to give keynote presentations: Mr Cinga Nyan-
gintsimbi (Managing Director of BATSAMAYT), Mr Tony Parry [CEO of the Institute
of IT Professionals of South Africa (IITPSA)], and Mr Nico Claassen (COO of
WiRK/DSA).

Conference Sponsors. Sponsorship has become a key element of SACLA's sustaina-
bility. Since IBM sponsored the first conferences (starting in 1973), SACLA has at-
tracted support from major industry partners, including Microsoft, Oracle, AWS, and
the Institute of IT Professionals of South Africa (IITPSA). In 2024, Nelson Mandela
University (NMU) obtained sponsorship totaling R235,000 for the SACLA 2024 con-
ference and the SACSIT 2024 conference jointly from Wirk/DSA, Batsamayi, AWS,
VSC, Avochoc, Mercedes Benz, Tangible Africa and IITPSA.

Professional conference organisation assistance. Initially, SACLA conferences were
arranged by members of an academic department. Seed money was passed from one
conference to the next year’s conference organisers. Generally, academics are not ex-
perienced in organising conferences and in 2017, the SACLA 2017 NWU Conference
Chair, Prof Estelle Taylor and the SACLA 2017 conference organisers, for the first
time, made use of XL-Millennium, a professional conference organisation. In 2018,
UCT continued to make use of the external conference organiser, XL-Millennium. In
her Chair report, Prof Lisa Seymour indicated that “XL-Millennium was brilliant and
using them made the arrangements easy. They chased up money from sponsors and
attendees”. The SACLA 2018 organisers used WY-Go and in 2024, the NMU SACLA
2024 conference organisers made use of the services of Michelle Brown PR Promo-
tions. In 2025, the UFS conference organisers are making use of the services of Mon-
goose.

Conference Management System. SACLA conference organisers have been using the
EasyChair Conference Management system for the past 10 years. The cost of the system
is approximately R5000 per annum and must be renewed annually.

Best Paper and Best Reviewer Awards. The SACLA Best Paper Award was intro-
duced in 2014 and has become an important SACLA Award. In 2024, two Best Paper
Awards were presented. The SACLA Best Reviewer Award was introduced in 2022 at
the SACLA conference held at the Waterfront Breakwater Lodge in Cape Town. The
first Best Reviewer Award was awarded to Prof Lisa Seymour from UCT.

The Head of Department (HOD) Colloquium. The HOD Colloquium was started in
2014 and was a great success. This will be an annual event at future SACLA confer-
ences. In 2024, the HOD colloquium was chaired by Dr Sue Petratos from the NMU
School of IT. The colloquium was attended by 15 HODs from eight universities and
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the topics discussed included Staff matters (Vacancies, morale, etc.), research, finances
and infrastructure, academic and student matters, and accreditation.

5 Research Methodology

Conference evaluations provide important feedback for the organisers about the dele-
gates’ perceptions of the conference. The feedback can assist the conference organisers
with information on delegate requirements and improvements for future conferences
[7]. A conference evaluation questionnaire is usually completed by attendees of a con-
ference after the event.

A SACLA 2024 conference questionnaire was compiled from a similar study [7]. The
objective was to determine the delegates' perceptions and obtain honest information. It
was decided to keep the survey anonymous and ethical requirements were observed.
The SACLA conference evaluation questionnaire consisted of the following sections:

e Biographical details;

o Likert scale items relating to SACLA 2024 conference; and

e Open-ended questions relating to what delegates liked and disliked, including work-
shop topics and advice for future SACLA conference organisers.

The questionnaire was captured using the NMU online survey tool, QuestionPro. The
delegates who attended the SACLA 2024 conference were contacted via email request-
ing participation. A total of 86 delegates attended the conference and 52 completed the
survey, however, only 32 fully completed responses were received from the survey and
analysed. The delegates’ responses were labelled P1-P32. The data from the survey
were statistically analysed and the qualitative questions were thematically analysed,
using the large language models (LLMs) ChatGPT and Claude.

6 SACLA 2024 Conference Survey Results

The 53rd Annual Conference of SACLA, organised by NMU, was held from the 17th
to 19th July 2024, at the Boardwalk Conference Centre, Ggeberha (Port Elizabeth),
South Africa. This in-person conference served as a distinguished platform for ex-
changing original research and practical experiences, fostering dialogue on the teaching
and learning of CS, IS, IT, and related disciplines. The event was co-located with the
annual SAICSIT conference for the third year, as well as the AISSAC conference, al-
lowing the delegates to attend the three conferences, as there is considerable overlap in
the academic communities. The joint hosting of the SACLA and SAICSIT conferences
by a university reduced travel time and costs for delegates attending the events.

The SACLA 2024 conference was attended by 86 delegates. The conference survey
was completed by 32 delegates (38%) and the responses were statistically and themat-
ically analysed. Ten delegates (31%) were from a Research University, 20 (63%) from
a Comprehensive University and two (6%) from a University of Technology. Two del-
egates (6%) were students, three (9%) Junior lecturers, 17 (53%) were Lecturers, five
(16%) were Senior lecturers, one was an Associate Professor and four (13%) were Pro-
fessors. Thirteen delegates (40%) indicated that they had been in academia for less than
10 years, 16 (50%) attended one national conference a year and 16 (50%) indicated
they did not attend international conferences in a year (Table 3). The total number of
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conferences attended by the delegates to date was 1-4 conferences, with 53% indicating
1-4 national conferences and 38% international conferences.

Table 3. Experience and conference attendance

Years in academia <2years 2-4years S-9years 10-19 years 20+ years
3 (9%) 7 (22%) 3 (9%) 8 (25%) 11 (35%)
Conferences per year None 1 2 34 5-6
National per year 7(22%) 16(50%) 6 (19%) 2 (6%) 1 (3%)
International per year 16 (50%) 13 (38%) 3 (9%) 0 1 (3%)
Conferences in total None 1-4 5-9 10-19 20+
National total 1 (3%) 17 (54%) 2 (6%) 9 (28%) 3 (9%)
International total 10 (31%) 12 (38%) 2 (6%) 5 (16%) 3 (9%)

The evaluation of the SACLA 2024 conference was done using a 4-point Likert
scale, from Not satisfied (1) to Extremely satisfied (4). The delegate satisfaction ratings
with the SACLA 2024 conference are presented in Fig 2. The delegates were mostly
satisfied or extremely satisfied with all the factors. Conference registration was rated
the highest, followed by conference location and conference front desk, managed by
the conference organisation, Michelle Brown PR. The additional costs for the gala func-
tion and not providing excursions received the lowest ratings.
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Fig. 2 SACLA 2024 factors rated by delegates
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The qualitative responses by the attendees on the four open-ended questions were
analysed using the LLMs ChatGPT and Claude. The thematic analysis by Claude of the
responses provided what attendees liked about the SACLA 2024 conference is pre-
sented below and in the ChatGPT generated infographic (see Fig. 3). Data evidence
extracted from the responses by participants that support the Claude thematic analyses
was included in the Claude analysis. The ChatGPT analysis (see Fig 3) supported the
Claude analysis, indicating excellent organisation, high-quality content and good net-
working opportunities.

Claud Thematic Analysis: Delegates ‘liked’ about the SACLA 2024 conference
Main Themes
1. Organisation and Structure
o P2:"The venue! 2 streams and generally well organised"
o "Well organised" (appears multiple times)
o P16: "Every aspect of the conference was accommodating"
2. Academic Content and Presentations
o  P12:"Presentations of a very high quality"
o  P31:"Interesting papers presented"
o  P11:"Exposure to latest advancements in research"
3. Networking and Community
o P18:"The people, it feels like family"
o P2:"Nice to meet up with colleagues from other universities"
o P30: "Networking with peers"
4. Hospitality and Social Events
o P14:"The Gala event, speakers, interesting topics, gifts and the food"
o P18:"The warmth and welcome, the guidance provided, made everyone feel
welcomed, from registration, welcome events and presentations"
5. Location and Venue
o "The location" (appears many times)
o P21:"The venue was great!"
6. Overall Experience
o P5: "l think everything was exceptional”
o P25:"Was my first conference, so | appreciate the opportunity to attend"
Claude Analysis
The feedback reveals a highly successful conference with particular strengths in organisation,
community building and quality of academic content. The consistent mentions of good organisa-
tion suggest professionalism and attention to detail from the organising committee, creating a
smooth experience for attendees. The social and networking aspects of the conference were
clearly valued, with many attendees highlighting the collegial atmosphere and opportunities to
connect with colleagues. This suggests that SACLA serves not just as an academic forum but also
as an important community-building event within this academic field. The positive responses
about presentations and discussions show that the conference maintained high academic stand-
ards, while fostering a welcoming environment.

The thematic analysis by Claude of the responses regarding what they disliked about
the SACLA 2024 conference is presented on the next page and in the ChatGPT-gener-
ated infographic (see Fig. 4). The most dislikes were in relation to the quantity of food
at the gala dinner and seating arrangements in the venues.
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FEEDBACK THEMES

Orchestrated Planning
and Execution
Excellent Organization and Execution

Relevant, Current Content
High-Quality, Relevant Content

Connection Opportunities
Valuable Social and
Networking Opportunities

Welcoming, Supportive
Environment
Welcoming and Supportive Atmosphere

Attractive Venue

DISLIKES

Gala Dinner

« Set dinner was underwhelming

« Preference for more substantial sod
« Entertainment and food quality

Venue and Facilities
* Some venues lacked tables
« Desire for PA systems in both venues

Program Structure

 Parallel sessions were limiting
« Event should have been longer

Lack of Interactive Components
* No workshops or excursions
* Would have liked to see more booths

Communication and Feedback

(%)
Appealing Venue and Location * Unclear status of academic papers
» Feedback on papers

Highlighted Features
Enjoyable Special Events and Extras

Fig. 3: ‘Liked’ Infographic

Fig. 4: ‘Dislikes’ Infographic

Claud Thematic Analysis: Delegates ‘disliked’ about the SACLA 2024 conference
Main Themes
1. Conference Structure Issues
o P17: "Not specifying which papers were selected for Springer and which were
work in progress"
o P5:"No workshops and excursions"
2. Venue Facilities Problems
o P14: "Maybe both venues to have PA system"
o P3:"Venue A did not have tables for laptop use"
3. Gala Dinner Complaints
o P31:"Also, the set dinner at the gala dinner was very underwhelming. Buffets
are always best. Most people left the event hungry"
4. Sponsor Engagement Opportunities
o P19: "Would have loved to see more excursions/ booths at the conference, es-
pecially from the sponsors i.e. ITPSA, Batsamayi. Although they gave wonder-
ful speech."
5. Satisfaction/No Complaints
o  "Nothing" (appears 16 times)
o  P23:"Everything was great"
Claud Analysis
The feedback reveals a mix of specific criticisms and general satisfaction. The most con-
sistent criticisms relate to:
1. The physical setup of one of the venues (Venue A lacking tables for laptops)
2. Food quantity and quality at the gala dinner (with a preference for buffet-style service
and more traditional South African cuisine)
3. The schedule format (lack of workshops and excursions)
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The thematic analysis of the responses regarding the workshops they would like at
a SACLA conference is presented below. The ChatGPT infographic on the suggestions
for type of workshops are presented in Fig, 5.

Thematic Analysis: Workshops
Main Themes
1. Academic Writing and Publishing

o "Paper reviewing" (appears 8 times)
o "Article or paper writing" (appears 6 times)
o P30: "Paper writing for the young academics"
o P13: "How to write a good SACLA review"

2. Technology Integration in Education
o P19: "New technologies in teaching IT"
o P4:"How to use digital technologies to support teaching and research"

3. Artificial Intelligence Applications
o P12:"Alin paper writing"
o P3:"Alin software development"
o P27:"Alin CS workshop"

4. Research Development and Presentation
o P30: "M&D research forum"
o P31:"PhD research progress workshops"

5. Project Management
o P6: "Honours project management"
o P2:"Project management for large groups" (appears twice)
o P18:"3rd Year project team management"

PAPER REVIEWING AND WRITING
MAINTAIN AND IMPROVE .’
+ How to write a review
« How to write areview  « Paper writing CONFERENCE STANDARDS h
o P2 t g > writin * Learn from this year's committee and
S;sil:‘g;‘wg?nzi"s Ghrindolid maintain standards CONFERENCE
R « Keep the standard and raise it STRUCTURE -
STREAMS AND
DIGITAL TECHNOLOGIES IN TACHING SCHEDULING
AND RESEARCH - COST AND + Agood venue that
« New technologies in « Use of free Internet data ; [ ; ACCESSIBILITY allows 2 streams
teaching IT + Trends in computing - + Good prce atatime
» How to usedigital for academics PROGRAM + Secure good + Two streams
technologies to support ENHANCE- sponsars; to keep
teaching and research NMENTS registration costs
~WORKSIOPS lowand also to PUBLICATION
attract as many
ARTIFICIAL INTELLIGENCE IN ACADEMIA ANDPANELS i o
+ Alin paper writing « Alin software development ’ :g;‘::’:m « Arrange for the
+ Alin software + Al tools and techniques + Host panel FOOD, ibiciclig

development

proceedings to be

discussion:
o'm:’e‘:;m; ENTERTAINMENT, publehedon

AND SOCIAL in
RESEARCH DEVELOPMENT AND N o <ol
POSTGRADUATE SUPPORT bkt s
topics in Al + Good food and submission of
* PhD poster  Project management enolzrta‘::m::!al co_nﬁdence,do not
presentations for large groups the gala dinner Teject good

papers, Instead,
advise for review
and resubmission!

* M&D research forum * 3rd year project team « Excursions, please!
* PhD research management Include at least
progress workshops « Honours project one with the
management conference fee

Fig. 5: Workshops Infographic Fig. 6: Recommendations Infographic
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As can be seen from the results of this thematic analysis, the workshop suggestions
vary and are considered important, specifically by younger academics. The infographic
in Fig.5 indicates workshops on paper reviewing, the use of new technologies, such as
Al in teaching, and 3™ year and honours project management.

Participant P18 further indicated, “I would not mind attending an interactive case
study-type workshop on the application of technology in the teaching context. Receiving
best practices and tips from seasoned professionals rather than a vendor punting a
product. Education is changing at a dramatic pace and we need to learn from each
other about how best to engage with new technologies”.

The thematic analysis of the responses by Claude regarding advice for the 2025
SACLA conference organisers is presented below and in the Fig. 6 infographic. The
advice included advice on costs, workshops, excursions and preferably two streams.

Comprehensive Advice for the SACLA 2025 Conference Committee
Main Themes
1. Conference Structure and Format
o P11:"A good venue that allows 2 streams at a time"
o P26: "Workshops please when HOD Colloquium is on"
o P3:"Rather than a keynote or keynotes have a panel discussion"
2. Quality and Standards
o P19: "Keep up the good work, 2024 NMU has set a good example"
3. Attendee Experience
o P31:"Good food and entertainment at the gala dinner"
o P7: "Excursions, please! Include at least one with the conference fee"
4. "Sponsorship and Cost Management
o P17:"Secure good sponsors, to keep registration costs low and also to at-
tract as many attendees"
5. Academic Output and Review Process
o P30: "Should give submission of confidence, do not reject good papers. In-
stead, advice for review and resubmission!!!!"
Claude Analysis
The feedback reflects attendees' desire for a well-structured conference with multiple con-
current sessions and interactive elements like workshops and panel discussions. There's a
strong emphasis on maintaining or exceeding the quality standards set by the previous con-
ference at NMU in 2024.
The comments also suggest balancing academic rigor (through quality papers and publi-
cation in Springer) with an engaging attendee experience (entertainment, excursions). Cost
considerations are mentioned as an important factor for accessibility and attendance.

7 Conclusions and future research

Academic conferences are an integral part of academic life as they provide opportuni-
ties for the dissemination of research and knowledge, professional networking, travel
and extending scholarship [11]. Van der Schee and De Long [32] define academic con-
ferences as consecutive, often multi-day events planned with delegates from various
higher education institutions and other research institutions to share research findings
and pedagogically based scholarship. A reputable academic conference, such as the
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annual SACLA conference, is characterised by its organisation, rigorous paper review
process, qualified reviewers, well-structured proceedings and journal publications, dis-
tinguished keynote speakers and networking opportunities [33]. Academic conference
organisers must demonstrate their commitment to excellence, integrity, and the ad-
vancement of knowledge within specific fields of study [7; 33].

The perceptions of delegates on academic conference attendance provide important
feedback for conference organisers [7]. The main activity of SACLA is an annual con-
ference, at which issues relating to CS, IS and IT education, teaching, and research in
the Southern African context are presented and discussed. The SACLA 2024 delegate
conference survey highlighted important factors for organising a SACLA conference.
Maintaining high academic standards, costs, accredited publications and supporting
younger academics by making use of a supportive review process must be considered.

The thematic analysis of the open-ended questions highlighted what delegates liked
and disliked about the SACLA 2024 conference and the recommendations they pro-
vided. The recommendations by delegates of the SACLA 2024 conference for future
conference organisers include panel discussions, excursions and the following work-
shops:

Workshop on writing academic papers for double-blind review;
Workshop on SACLA paper reviewing;

Workshop on 3™ year and honours project management; and
Workshop on Al in CS/IS/IT education.

The study is the first SACLA conference evaluation by delegates conducted in 53 years
and provides vital information regarding conference organisation for future SACLA
and other conference organisers. The research findings contribute to the latest
knowledge on the still under-researched field of academic conferencing. An important
request highlighted by this study is the importance of workshops, specifically for
younger academics. Recommendations are to maintain the set standards, include work-
shops, encourage more WIP papers, and support the joint SACLA and SAICSIT con-
ferences, M&D workshop, and poster presentations. The limitation of the study is the
38% response rate that could potentially biase the results toward more motivated or
satisfied participants. Future research should focus on SACLA conference evaluations
on an annual basis.
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