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ABSTRACT

The rapid evolution of Information and Communication Technologies (ICT) has transformed
pedagogical practices globally; however, their effective integration into science teaching
remains uneven, particularly in resource-constrained contexts. Guided by Activity Theory, this
mixed-methods case study explores science teachers’ perceptions and use of ICT-based
instructional technologies to mediate and facilitate science learning activities in public
secondary schools in Mpumalanga Province, South Africa. Data were collected from 83 in-
service Physical Sciences teachers using a 38-item questionnaire comprising closed-ended
Likert-scale items and open-ended questions. Quantitative data were analysed using descriptive
and inferential statistics, including frequencies, means, standard deviations, and independent-
samples t-tests. In contrast, qualitative data were analysed thematically using Braun and

Clarke’s (2006) six-phase framework.

Findings reveal that computers and smartboards are the primary mediating tools (44.58% usage
each), while other technologies (e.g., online discussion platforms, mobile devices, projectors)
remain underutilised. Teachers reported that ICT-based tools enhance science instruction by
enabling flexible, anywhere-anytime teaching (97.6%), improving access to resources (97.6%),
supporting diverse pedagogical strategies (87.3—89.2%), facilitating higher-order thinking
(96.3%), and promoting active student participation and learner-centred roles (83-95.2%).
Most items showed statistically significant agreement (p <.001). Qualitative findings
corroborated these results, highlighting practical learning gains, improved interaction, timely
feedback, and increased learner agency, although limited tool variety, infrastructural

constraints, and varying teacher competence persisted.

The study aims to inform stakeholders about the current status of ICT integration, the
challenges faced, and to provide recommendations to improve science education in

Mpumalanga through ICT-based technologies.

Keywords: Science teaching, ICT integration, instructional technologies, Activity Theory,

teacher perceptions, Mpumalanga Province
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OPSOMMING

Die vinnige evolusie van Inligting- en Kommunikasietegnologie¢ (IKT) het pedagogiese
praktyke wéreldwyd getransformeer; hul effektiewe integrasie in wetenskaponderrig bly egter
ongelyk, veral in kontekste met beperkte hulpbronne. Gelei deur Aktiwiteitsteorie, ondersoek
hierdie gevallestudie met gemengde metodes wetenskaponderwysers se persepsies en gebruik
van IKT-gebaseerde onderrigtegnologieé om wetenskapleeraktiwiteite in openbare sekondére
skole in Mpumalanga Provinsie, Suid-Afrika, te bemiddel en te fasiliteer. Data is ingesamel
van 83 Fisiese Wetenskappe-onderwysers in diens met behulp van 'n vraelys van 38 items wat
geslote Likert-skaal items en oop vrae insluit. Kwantitatiewe data is geanaliseer met behulp
van beskrywende en inferensiéle statisticke, insluitend frekwensies, gemiddeldes,
standaardafwykings en onathanklike-steekproewe t-toetse. In teenstelling hiermee is
kwalitatiewe data tematies geanaliseer met behulp van Braun en Clarke (2006) se sesfase-

raamwerk.

Bevindinge toon dat rekenaars en slimborde die primére bemiddelingsinstrumente is (44.58%
gebruik elk), terwyl ander tegnologie€¢ (bv. aanlyn besprekingsplatforms, mobiele toestelle,
projektors) steeds onderbenut word. Onderwysers het berig dat IKT-gebaseerde gereedskap
wetenskaponderrig verbeter deur buigsame, enige plek-en-tyd onderrig moontlik te maak
(97.6%), toegang tot hulpbronne te verbeter (97.6%), diverse pedagogiese strategieé te
ondersteun (87.3—-89.2%), hoér-orde denke te fasiliteer (96.3%), en aktiewe studentedeelname
en leerdergesentreerde rolle te bevorder (83—95.2%). Die meeste items het statisties beduidende
ooreenstemming getoon (p <.001). Kwalitatiewe bevindinge het hierdie resultate bevestig en
praktiese leerwinste, verbeterde interaksie, tydige terugvoer en verhoogde leerderagentskap
uitgelig, hoewel beperkte gereedskapverskeidenheid, infrastruktuurbeperkings en wisselende

onderwyserbevoegdheid voortgeduur het.

Die studie het ten doel om belanghebbendes in te lig oor die huidige status van IKT-integrasie,
die uitdagings wat in die gesig gestaar word, en om aanbevelings te maak om

wetenskaponderrig in Mpumalanga deur IKT-gebaseerde tegnologieé te verbeter.

Sleutelwoorde: Wetenskaponderrig, IKT-integrasie, onderrigtegnologie€, Aktiwiteitsteorie,

onderwyserpersepsies, Mpumalanga Provinsie
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ISIFINYEZO

Ukuthuthuka okusheshayo kwe-Information and Communication Technologies (ICT)
kushintshe imikhuba yokufundisa emhlabeni jikelele; noma kunjalo, ukuhlanganiswa kwayo
okuphumelelayo ekufundiseni isayensi akukalingani, ikakhulukazi ezimweni ezinqunyelwe
izinsiza. Siqondiswa yi-Activity Theory, lolu cwaningo lwezindlela ezixubile luhlola imibono
yothisha besayensi kanye nokusetshenziswa kobuchwepheshe bokufundisa obusekelwe ku-
ICT ukuze kuxazululwe futhi kuthuthukiswe imisebenzi yokufunda isayensi ezikoleni
zamabanga aphezulu zomphakathi eSifundazweni saseMpumalanga, eNingizimu Afrika.
Idatha yaqoqwa kothisha be-Physical Sciences abangu-83 abasemsebenzini kusetshenziswa
uhlu Iwemibuzo Iwezinto ezingu-38 oluqukethe izinto ze-Likert-scale ezivaliwe kanye
nemibuzo evulekile. Idatha yobuningi yahlaziywa kusetshenziswa izibalo ezichazayo
neziqondile, kufaka phakathi amaza, izindlela, ukuphambuka okujwayelekile, kanye
nokuhlolwa kwe-t kwamasampula azimele. Ngokuphambene nalokho, idatha yobuningi
yahlaziywa ngokwezihloko kusetshenziswa uhlaka lukaBraun noClarke (2006) Iwezigaba
eziyisithupha.

Okutholakele kwembula ukuthi amakhompyutha nama-smartboard yiwona amathuluzi
ayinhloko okuxazulula izinkinga (ukusetshenziswa okungu-44.58% ngakunye), kuyilapho
obunye ubuchwepheshe (isib., amapulatifomu okuxoxisana aku-inthanethi, amadivayisi
eselula, amaphrojektha) kusasetshenziswa kancane. Othisha babike ukuthi amathuluzi
asekelwe ku-ICT athuthukisa imfundo yesayensi ngokuvumela ukufundisa okuguquguqukayo,
noma kuphi-noma nini (97.6%), ukuthuthukisa ukufinyelela ezinsizeni (97.6%), ukusekela
amasu ahlukahlukene okufundisa (87.3—89.2%), ukwenza kube lula ukucabanga okuphezulu
(96.3%), nokukhuthaza ukubamba ighaza kwabafundi okusebenzayo kanye nezindima ezigxile
kubafundi (83-95.2%). Izinto eziningi zibonise ukuvumelana okubalulekile ngokwezibalo (p
<.001). Okutholakele kwekhwalithi kuqinisekisile le miphumela, kugqamisa izinzuzo
zokufunda ezingokoqobo, ukusebenzisana okuthuthukisiwe, impendulo ngesikhathi esifanele,
kanye nokwanda kokuxhumana kwabafundi, yize ukuhlukahluka kwamathuluzi
okulinganiselwe, izithiyo zengqalasizinda, kanye nekhono lothisha elihlukahlukene

kughubeka.
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Ucwaningo luhlose ukwazisa abathintekayo ngesimo samanje sokuhlanganiswa kwe-ICT,
izinselele ezibhekene nazo, kanye nokunikeza izincomo zokuthuthukisa imfundo yesayensi

eMpumalanga ngokusebenzisa ubuchwepheshe obusekelwe ku-ICT.

Amagama angukhiye: Ukufundisa isayensi, ukuhlanganiswa kwe-ICT, ubuchwepheshe

bokufundisa, Ithiyori Yomsebenzi, imibono yothisha, Isifundazwe saseMpumalanga



CHAPTER 1

INTRODUCTION AND BACKGROUND TO THE STUDY

1.1. INTRODUCTION

The Information and Communication Technologies (ICT)-based instructional technologies
utilisation in education is discussed broadly in light of technological advances (Ahuja, 2016).
We now live in a society where our daily activities depend solely on ICT. Subconsciously,
individuals tend to use ICT tools for at least 1 to 2 hours daily. Globally, educational institutions
have increasingly adopted ICT tools not only as supplementary aids but as central instruments
in pedagogy, curriculum delivery, learner engagement, and educational management (OECD,
2022; UNESCO, 2023). ICT tools are devices that initiate communication and expand our
knowledge. As the world grows globally, so does ICT. Hence, ICT is evolving over time and
simultaneously impacting human lives. As such, human beings rely on ICT tools to
communicate, access information, and stay connected in an increasingly globalised

community.

In some parts of the world, the term “ICT” is already defined, and information technology (IT)
is used interchangeably, but the two terms differ slightly in different contexts. According to
Hogarty et al. (2003), the Quality Education Data report of 2000 denotes that “IT” is often used
to refer to business operations, whereas “ICT” is more commonly used in the education and
government sectors, particularly in the United States. It is imperative to note these differences,
as this study focuses specifically on ICT in education. Information and Communication
Technology is used in education to bolster, build, and advance the delivery of teaching and
learning (Maharaj-Sharma & Sharma, 2017). In secondary school Science Education, these
tools hold significant importance. They make it easier to visualise abstract concepts, replicate
complex experiments through simulations, conduct real-time assessments, and tap into global
pools of scientific knowledge (Chukwuemeka et al., 2019; Kibirige & Kwofie, 2021). The
notable increase in the social use of ICTs and their significant impact cannot go unnoticed in

education (Diyal & Pandey, 2022).

From the researcher’s perspective, ICT is already becoming an essential tool for both teachers

and learners in the classroom. Globally, research reveals that ICT can improve student learning
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and enhance teaching methods (Nsofor & Bello, 2015). Tools such as video cameras,
projectors, photocopiers, scanners, and others appeal to students' senses. These technologies
help teachers communicate and explain to students in unique ways that facilitate learning. The
effectiveness of ICT in teaching and learning in high schools is germane to recent educational
development and innovation in Africa. The use of ICT-based instructional technologies is also

gaining acceptance in education due to technological advances (Ahuja, 2016).

The goal of ICT in education can only be achieved when teachers are digitally literate and have
the know-how to incorporate ICT into their curriculum. Different schools use varied sets of
ICT tools to create, enhance, distribute, and manage information (Ghavifekr & Rosdy, 2015).
In some perspectives, ICT is essential to teaching and learning interactions, including replacing
chalkboards with interactive digital whiteboards (Mbugua et al., 2016). To this end, Maharaj-
Sharma and Sharma (2017) observed that with the rapid growth of technology, and especially
following the shifts brought on by the COVID-19 pandemic, there has been a global push to
support teachers in adopting ICT-based instructional methods in science classrooms. These
efforts aim to promote more meaningful, technology-enhanced learning experiences for

learners.

1.2. THE STUDY’S BACKGROUND

Given the initiation of technology and its impact on human lives worldwide (Ahuja, 2016;
Diyal & Pandey, 2022; Maharaj-Sharma, 2017; Maharaj-Sharma, 2016), the integration of ICT
into education introduced a new dimension to various aspects of education. It made teachers'
lives easier by making teaching more comfortable, accessible, and reliable. In addition, it has
made knowledge acquisition easier and faster for learners. Learners can rely on e-learning
technologies to access high-quality educational services anytime, anywhere, as required (Igbal,

2024).

The White Paper on e-Education of 2004 recognised the need to integrate Information and
Communication Technologies (ICTs) into teaching and learning (Department of Education
[DoE], 2004). This implies that all South African schools have the obligation of integrating
ICT as a central component of instructional practice. Thus, the incorporation of technology into

teaching and learning is recognised as a means of transforming science instruction in secondary



school education. The context of this study comprised public secondary schools located in

Mpumalanga Province, South Africa.

Significant transformations in curriculum reform, management, governance, and teacher
professional development have occurred in South Africa’s education system since 1994.
According to Gibson, Broadley, Downie, and Wallet, (2018). These reforms have been
accompanied by deliberate efforts to integrate information and communication technology
(ICT) into education, which are supported by national policies that advance long-term
educational goals. The South African ICT policy, The White Paper on e-Education
(Department of Education [DoE], 2003:18), states that e-learning initiatives can expand access
to educational opportunities, address historical inequalities, enhance the quality of teaching and
learning, and promote lifelong learning. Like many other developing states, South Africa
adopted formal ICT policies to expand access to digital tools and meaningfully integrate
technology into education. One such initiative is the country’s national broadband policy
‘South Africa Connect’ introduced in 2013, which aims to ensure that every primary and
secondary school has broadband access with download speeds of at least 100 Mbps by 2030
(Department of Communications, 2013). This policy recognises the importance of internet
access for teachers and school leaders in supporting classroom learning and developing
learners’ digital competencies. Although various efforts have been made to equip teachers with
ICT resources and skills (Botha et al., 2017; Maharaj-Sharma et al., 2017; Mbugua et al., 2016),
the pace of integration into daily teaching practice remains slow across many schools in South
Africa (Ramorola, 2018). Understanding how these national ICT policies are interpreted and
implemented in the classroom level, especially by science teachers, is central to this research's
purpose, which seeks to explore teachers’ experiences and perceptions of ICT-based

instructional technologies.

For this study, and in line with Ekici and Pekmezci (2015), the successful integration of ICTs
into science teaching and learning could assist teachers in creating a technologically based
virtual knowledge-sharing community of practice to successfully foster learning. Virtual
learning could be more valuable and productive for teaching science subjects because it
combines a variety of visual media, such as videos, graphics, MP3s, scanned images and
animations, to effectively illustrate and instruct (Mbugua et al., 2016). Accordingly, these
features can also help to illustrate scientific and highly abstract concepts that I find challenging
to grasp. Broadly speaking, e-learning, including virtual learning, offers several advantages

3



that make it a powerful supplement to traditional classroom teaching. Recent studies have
shown that e-learning can eliminate geographical barriers by enabling learners to access quality
education anytime, anywhere, and without resource constraints (Kaur, 2023). It can also
support personalised learning by accommodating learners with diverse educational
backgrounds, abilities, and learning preferences (Bashir & Lapshun, 2025; Lone et al., 2023).
Furthermore, e-learning reduces mobility-related costs for learners, teachers, and other
stakeholders seeking access to quality education (Lone et al., 2023). Collectively, these benefits
highlight the potential of e-learning to promote equitable, flexible, and learner-centred
educational experiences.

Taken together, the literature suggests that while South Africa has established a supportive
policy framework and recognised the transformative potential of ICT in education, challenges
remain in translating these initiatives into effective classroom practice, particularly in science

teaching and learning.

1.3. STATEMENT OF THE PROBLEM

Despite the South African Department of Basic Education making heavy investments in ICTs
such as projectors, whiteboards, smartboards, and other related technologies to foster teaching
and learning, the way science is taught and learned in secondary schools has changed
significantly. It is still unclear whether South African teachers are adequately prepared to
incorporate ICTs into the science curriculum in secondary schools given the introduction of
ICT-based instruction in the 21% century, when teaching and learning have been digitalised. It
is unclear, though, whether South African science teachers are adequately prepared to use ICTs
to enhance science curriculum instruction in secondary schools. Given the persistent challenges
with science learner achievement, this concern is particularly important. Learners are expected
to participate actively in digitally mediated learning environments by reading independently
and constructing knowledge and solving problems at anytime and anywhere (Mnisi et al.,
2024). Teachers require not only subject knowledge but also the pedagogical and technological
competencies needed to support learner-centred approaches. Therefore, teachers who lack ICT
competence may find it difficult to utilise digital resources effectively, which could potentially

constrain learner engagement and academic performance in science subjects.

Previous studies have shown that many teachers lack the skills necessary to effectively
integrate ICT into the teaching and learning of mathematics and science (Kaur, 2023; Maharaj-

4



Sharma et al., 2017). By contrast, teachers are generally more proficient in using basic
computer applications, such as word processors and spreadsheet software, for administrative
tasks, including preparing examination papers, processing results, and maintaining records

(Ramorola, 2018).

Although most in-service teachers might be more familiar with ICT in general, they might not
be able to integrate newfound e-learning technologies. In many schools, teachers might be
reluctant to incorporate ICT to innovate teaching and learning (Lawrence & Tar, 2018). This
could be as a result of their inadequate ICT and competency to effectively deliver classroom
instruction (Maharaj-Sharma et al., 2017). This study, therefore, sought to explore how science
teachers in Mpumalanga Province perceived and implemented ICT-based instructional
technologies to improve learner performance. It aimed to uncover both the enabling conditions
and the barriers that influence teachers’ ability to translate national ICT policies into practical
classroom strategies. In doing so, the study filled a gap in the literature about how South
African rural science teachers engage with ICT and how contextual factors shape the uptake

and impact of these technologies in real teaching environments.
1.3.1. The Study’s Research Question

The main question for this research is, “How do teachers perceive the integration of ICT-based

instructional technology in the activities of the science subject in the Mpumalanga Province of

South Africa?”

Given the main study question, the subsequent research inquiries assisted in addressing the

study problem:

1. What types of ICT-based instructional technologies are used by teachers to mediate
activities in teaching science, and how can these inform future policy and training
programmes?

2. To what extent are ICT-based instructional technologies integrated into science
teaching practices?

3. What contextual, institutional, and policy-related factors influence the integration of
ICT-based instructional technologies in science classrooms?

4. How do teachers and learners interact with ICT tools within the science teaching

activity system?



To ensure coherence between the theoretical framework and the research design, it is important

to demonstrate how each research sub-question aligns with the components of Activity Theory.

While the questions may appear to emphasize teachers and ICT tools, they were intentionally

structured to capture the broader dynamics of the activity system, including rules, community,

and division of labour. The table below illustrates this alignment, showing how each sub-

question corresponds to specific elements of the Activity Theory framework (Table 1.1).

Table 1.1: Alignment of Research Sub-Questions with Activity Theory Components

Research Sub-Question (SQ)

Activity Theory

Component(s) Addressed Explanation

SQ1: What are the objects or tools
used by teachers to mediate the
activities in the teaching of
science?

Mediating Artefacts (ICT
tools)

Focuses on the technological
tools (computers, smartboards,
projectors, etc.) that act as
mediating artefacts in science
teaching.

SQ2: To what degree does the use of
ICT-based instructional
technologies improve science
activities?

Subject (Teachers) +
Object (Science teaching
activities)

Examines how teachers
(subjects) use ICT to transform
the object of activity (science
teaching/learning tasks).

SQ3: What institutional and
contextual rules influence how
science teachers integrate ICT-
based instructional technologies
in their teaching activities?

Rules + Community

Captures the influence of school
policies, institutional norms, and
broader educational community
expectations on ICT integration.

SQ4: What roles do teachers and
learners play in the use of ICT-
based instructional technologies
during science teaching
activities?

Division of Labour +
Community

Explores how responsibilities
are distributed between teachers
and learners, and how
community dynamics shape
ICT-mediated teaching.

1.4. THE STUDY’S AIM AND OBJECTIVES

The primary aim of this investigation was to evaluate the integration of ICT-based instructional

technologies into science subjects in the Mpumalanga Province of South Africa.

Given the study's aim, the following objectives were formulated to address the research

questions.

1. To investigate the types of ICT-based instructional technologies used by teachers to

mediate activities in science teaching.



2. To analyse the extent to which ICT-based instructional technologies have been used to
improve science activities.

3. To examine the contextual and institutional factors influencing ICT integration in
science classrooms.

4. To analyse how ICT tools mediate interactions between teachers and learners in science

teaching activities.

1.5. THE STUDY’S SIGNIFICANCE

While research on ICT integration in teaching and learning has featured prominently in recent
years, there are limited studies conducted on ICT-based technologies in teaching and learning
the science curriculum in secondary schools. Numerous researchers have studied ICT
integration in teaching and learning with a focus on teachers’ technological competencies,
access to and use of digital resources to support teaching and learning, as well as the barriers
to and effective use of ICT to support teaching and learning (Botha et al., 2017; Chisango et
al., 2020; Maharaj-Sharma & Sharma, 2017; Ramorola, 2018; Mnisi et al., 2024). There is lack
of research in exploring ICT-based technologies in science instruction, especially in South
Africa. Therefore, the current study was designed to fill the gaps in the area. The study could
contribute to the body of knowledge on how teachers perceive and utilize various ICT-based
resources to support teaching and learning in public secondary schools.

Moreover, it could contribute to the theoretical understanding of the range of social,
institutional, and other contexts that influence the effective use of ICT in teaching and learning.
Lastly, it should benefit policymakers, educational authorities, school managers, and teacher
developers by providing a solid foundation for developing school-based strategies and
interventions to improve the provision and effective use of ICT for teaching and learning in

quality digital classrooms within South Africa.

1.6. THE STUDY’S DELIMITATIONS

This study is limited to in-service Physical Sciences teachers in public secondary schools in
Mpumalanga Province, South Africa. The study examines explicitly teachers’ perceptions and

utilisation of ICT-based instructional technologies to enhance Science Education. The research



excludes learners, school administrators, and other subject teachers. Additionally, the study
focuses on specific educational districts where teachers participated in professional
development workshops during the data collection phase. Consequently, the results are limited

to the sampled population and context.

1.7.  PRELIMINARY LITERATURE REVIEW  AND THEORETICAL
FRAMEWORK

The integration of information and communication technologies (ICTs) into education has been
widely recognised as a driver of pedagogical innovation, particularly in science instruction.
Global research has demonstrated that digital tools support more interactive, inclusive, and
effective teaching and learning environments, particularly in subjects that require conceptual
visualisation and experimentation (UNESCO, 2023). In Science Education, technologies such
as animations, simulations, and virtual laboratories enable learners to engage more deeply with
abstract content, allowing them to visualise scientific phenomena that might otherwise remain

theoretical or inaccessible (Chukwuemeka et al., 2019; Kibirige & Kwofie, 2021).

These tools also aligned well with constructivist and inquiry-based learning approaches, which
encouraged learners to question, hypothesise, and explore knowledge through guided discovery
(Jonassen, 2006). ICTs provide platforms for modelling experiments, real-time assessments,
and access to a range of instructional content. Studies from other sub-Saharan African
countries, such as Kenya and Ghana, have highlighted positive outcomes in learner motivation
and conceptual understanding when ICTs are used effectively in science instruction (Boateng

& Adu-Gyamfi, 2022; Kiptalam & Rodrigues, 2021).

In South Africa, several policy frameworks, including the White Paper on e-Education (DoE,
2004), the National Development Plan 2030, and the South Africa Connect broadband policy
(DoC, 2013), emphasise the need to embed technology in teaching and learning. These policies
were further supported by initiatives from the Department of Basic Education (DBE), such as
the ICT-in-Education Audit (DBE, 2022), which aims to assess and guide implementation
efforts. However, practical integration in schools, especially in rural areas like Mpumalanga,
remains patchy and often superficial. Teachers continued to face obstacles, including
inadequate infrastructure, inconsistent access to digital tools, and limited technical or

pedagogical support (Ramorola, 2018; Makhanya & Naidoo, 2020).



The existing literature also highlights a focus on ICT use across broad curricular areas, but
relatively few studies have examined its role in the Physical Sciences specifically (Hardman,
2019). A few studies have explored how teachers interpret ICT policies and translate them into
classroom practice. This study sought to address this gap by focusing on the specific

experiences of science teachers in rural contexts.

Using Activity Theory (Engestrém, 2001) as a guiding framework, the researcher positioned
ICT as a mediating artefact within the broader system of teacher activity, shaped by
institutional rules, community expectations, and role dynamics. By drawing from both
international and local literature, the study acknowledged that while teacher training,
infrastructure, and policy were all critical, understanding teachers’ lived realities, especially in
under-resourced settings, is key to advancing the effective and sustainable integration of ICT
in Science Education (Tondeur et al., 2017; Chigona et al., 2021). The insights from this review

informed the research design and conceptual foundation of the study.
1.8. SYNOPSIS OF THE RESEARCH DESIGN AND METHODOLOGY

In this section, a framework of the context in which the investigation was conducted is
provided. This encompasses the research methods, research paradigm, study population and
sample, research design, data compendium strategies and data analysis. A complete depiction

of this study’s plan and techniques is explained in Chapter 3.

1.8.1. Research Paradigm

Bhattacherjee (2012:17) describes research worldview as the ‘plan and lead of research
model by our psychological models or casings (belief system) of allusions that we use to
compose our thinking and perceptions’. The two prevalent research worldviews are
quantitative and qualitative. According to Creswell (2003:9), quantitative methods
“advance the relationship among variables and pose this in terms of questions or
hypotheses”. At the same time, qualitative researchers often use open-ended questions,
providing an opportunity for participants to express their views. Thus, the research

employed an amalgamation of qualitative and quantitative data.

Therefore, this study was located within the pragmatic paradigm. This paradigm allows the
researcher to take a non-partisan or fair-minded stance throughout data collection and
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analysis and to ensure that individual inclinations or biases do not adulterate the research
findings. As indicated by Creswell (2003:12), “a pragmatist research paradigm design
configuration is helpful to catch the best of both quantitative and qualitative approaches”.
Creswell (2003:12) further explains the notion of pragmatism and states, “A pragmatist
researcher is not committed to any one system of philosophy and reality. This applies to
mixed methods research in that inquirers draw liberally from both quantitative and

qualitative assumptions when they engage in their research.”

1.8.2. Research Methods

Leedy and Ormrod (2005:12) portray research methodology as “the overall procedures
employed by the researcher to fulfil the research objectives, which could influence the selection
of research instruments used by the researcher for data-collection, manipulation, clarification
and presentation.” The researcher espoused a mixed-methods research approach (Creswell,
2003) to accomplish the objectives of this research and collect and analyse data. A mixed-
methods inquiry offers several approaches to investigation, depending on the sequence of data-
collection methods and the level of significance assigned to each strategy (Creswell 2003). As
Creswell (2003) indicates, a mixed-methods design can combine the strengths of quantitative
and qualitative methodologies. Considering the above, a simultaneous, nested, mixed-methods
approach was utilised for this research. Meaning that both qualitative and quantitative data

were collected simultaneously.
1.8.3. Research Design

A research design is the overall plan and structure that guides the collection, measurement, and
analysis of data in a study (Creswell & Creswell, 2018). It outlines how the research question
will be addressed using specific methods and procedures. In this study, a case study research
design was utilised to allow for a detailed, contextual exploration of how ICT-based
instructional technologies are integrated into science teaching. According to Yin (2018), a case
study is an empirical method that investigates an existing issue within its real-life context,
particularly when the boundaries between the phenomenon and context are not clearly defined.
This approach is particularly suitable when exploring complex, practice-based phenomena in
education. Case studies are valuable for capturing participants' perspectives and understanding

the interplay among factors influencing teaching and learning processes (Merriam & Tisdell,
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2016). Given the study's goal of exploring how science teachers perceive and use ICT tools in

real classroom settings, a case study design was considered most appropriate.

1.8.4 Study Population and Sampling

Elfil and Negida (2017:7) define study population as “the complete set of individuals, groups,
or elements that share a specific characteristic relevant to a research inquiry. This population
represents the broader group from which the researcher intends to conclude”. The study's target
population was science teachers in secondary schools in Mpumalanga province, South Africa.
According to Etikan and Bala (2017: 215), sampling is “the systematic ways of choosing
participants, like people, objects, and other non-human resources such as printed resources,
electronic archives, and various media resources from which data are collected for the study.”
A list-based simple random sampling method was utilised to choose participants from teacher
development workshops coordinated by district subject advisers in the four education districts:
Nkangala, Ehlanzeni, Gert Sibande, and Bohlabela. A total of 83 teachers participated in the
study voluntarily. The sample represented a range of rural and peri-urban (locations where
urban and rural characteristics coexist) school contexts and provided sufficient variation to

support descriptive and comparative analysis (Elfil & Negida, 2017; Etikan & Bala, 2017).
1.8.5 Data-Collection Procedures

Since the Department of Education in Mpumalanga province (Research section) introduced a
clause requiring data collection solely after school hours, it was challenging, if not impossible,
for the researcher to conduct face-to-face interviews. As such, the researcher settled for both
online and offline data-collection approaches. As a result, the researcher arranged with the
subject advisers to attend professional workshops in each district. The survey was made
available in three formats: (1) an online link via SurveyMonkey, (2) a QR code for mobile
devices, and (3) printed hard copies for teachers without internet access. Informed consent was

acquired, and participants completed the surveys at their own pace during the workshops.
1.8.6 Data-Analysis

Microsoft Excel and SPSS were utilised to code and analyse the quantitative data from closed-
ended questions. Descriptive statistics such as frequencies and percentages were used to

summarise ICT usage patterns, and independent t-tests were conducted to explore differences
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across demographic groups (Graue, 2015). Braun and Clarke's (2006) six-phase framework
were used to thematically analyse the qualitative data from open-ended responses. The analysis
involved familiarisation with the data, coding, theme identification, and interpretation, leading
to rich insights into teachers’ attitudes, challenges, and contextual experiences with ICT

integration.

1.9. ETHICAL CONSIDERATIONS

This study’s ethical clearance was obtained from the University of South Africa College of
Education Ethics Review Committee and the Mpumalanga Department of Education. Ethical
procedures, including confidentiality, informed consent, secure data management, and

voluntary participation, are discussed in detail in Chapter 3.

1.10. ELUCIDATION OF LEXES

This segment defines the lexicon used in this inquiry to ensure a shared understanding of terms
that may have varied meanings across educational and technological contexts. In this

description, each term is provided, then a descriptor is presented, as shown below:

Table 1.2: Definitions of Core Description
Concepts in ICT-Based Science

TeachingTerm

Information and

Communication Technology Hardware, software, networks, and media for the collection,

storage, processing, transmission, and presentation of

information (Diyal & Pandey, 2022:28).

Teaching A purposeful activity undertaken to facilitate learning or

support the development of knowledge (Goodyear, 2015: 30).

Learning A process that changes the learner and focuses on higher-order

cognitive skills, rather than solely on acquiring facts or

information (Johnson & Gallagher, 2021: 343).
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ICT tools

ICT-Based Instructional

Technologies

Technology Integration

Physical Sciences

Science Activities

Survey Monkey computer

software

e-Learning

Digital resources are wused to support interaction,
communication and collaboration in teaching and learning

environments (Kaur, 2023: 15).

Educational technologies specially designed or adapted to
deliver, support or enhance teaching and learning (Saber, 2021:

505)

Technology integration refers to the use of technological
resources such as multimedia, hardware and software, web
environments and other computer-related facilities to support

teaching and learning (Ramorola, 2018:4)

The branch of science concerned with the study of non-living
systems, including physics and chemistry (Brush & Spencer,
2025:1).

Structured tasks or practices that help learners to understand
better the environment they live in; develop analytical thinking,

problem-solving and coping skills (Evans, 2019:2)

A web programme and a facilitating webpage that empowers
an individual to build a study for usage on the web (Waclawski,

2012:477).

A mode of learning that uses digital technologies to deliver

educational content and support instruction (Kaur, 2023:22)

1.11. THE STUDY’S EXPOSITION

An explanation of the contents of each chapter is provided in this section.

Chapter One introduced the study’s foundation. This was followed by the problem statement

and the intentions and intents of the investigation. An outline of the research plan and
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techniques, the study's significance, and the ethical issues were briefly clarified. This was
followed by a discussion of the limitations of the study and clarification of the terms utilised

in this research. Finally, the study's exposition was presented.

Chapter Two contains a review of the related literature, sorted and organised around the main
research question and sub-questions. The purpose of this review was to investigate how ICT-
based instructional technologies facilitate science teaching. Finally, the theories underpinning

the study were provided.

Chapter Three highlights the research methods utilised in the study. First, the research
paradigm, which followed a pragmatist research design, was presented. This was followed by
the research strategies used in this inquiry. It was explained that this investigation utilised a
mixed-methods approach. A portrayal of the research configuration was presented. Also, the
inquiry design was presented, with a focus on the research setting, population, sample, and data
collection. The chapter addresses issues of validity and legitimacy of the research instruments.

Finally, the ethical issues were presented.

Chapter Four presented the quantitative and qualitative outcomes of the investigation. The
outcomes were presented for each instrument utilised. The study’s quantitative findings were

presented first, followed by the qualitative ones.

Chapter Five depicted the findings, followed by the study’s conclusion and recommendations.

1.12. CHAPTER SUMMARY

This chapter established the study's foundational context by examining the global and local
significance of integrating information and communication technologies (ICT) into Science
Education. It began by outlining the background to the inquiry and highlighting the persistent
niche between ICT policy and classroom implementation, particularly in under-resourced
settings such as Mpumalanga Province. The problem statement, aim, objectives and research
questions were clearly defined, and the study's significance was explained from both theoretical

and practical perspectives.

A preliminary literature review was included to position the study within existing scholarship,

followed by a concise overview of the research methodology. This overview described the
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pragmatist paradigm, the mixed-methods case study design, and the sampling, data-collection,
and analysis strategies. Ethical considerations were discussed in detail, confirming that all
institutional and participant protections were respected throughout the research process. In
addition, the chapter acknowledged the study’s limitations and delimitations, explaining the
scope and boundaries of its findings. Finally, the chapter outlined the structure of the remaining
chapters of the dissertation, providing a roadmap for the reader. Collectively, these elements
laid a comprehensive foundation for the more detailed literature review and empirical analysis

presented in subsequent chapters.
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CHAPTER 2
LITERATURE REVIEW

2.1 INTRODUCTION

This chapter explores key dimensions of Information and Communication Technology (ICT)
integration within Science Education, with a particular focus on South Africa. It begins with
an overview of the national education system, followed by a review of ICT’s historical
development in South African Schools. Subsequent sections examine specific aspects of ICT
implementation. Different sections explore the incorporation of ICT tools in science
classrooms, teachers' perceptions and acceptance, and the main facilitators and obstacles to
ICT integration. In contrast, others highlight how ICT can enhance the quality and effectiveness
of science teaching when applied thoughtfully and purposefully. The chapter outlines the
theoretical and conceptual frameworks that underpin the study, emphasising how these theories

jointly elucidate the dynamics of ICT utilisation among science teachers in South Africa.
2.2 THE SOUTH AFRICAN EDUCATION SYSTEM

The education system is structured into three levels: elementary, secondary, and tertiary. The
DBE monitors adult literacy programmes and all schools from Grades R through 12, while the
DHET manages universities and other post-school education and training institutions. It also
manages the Human Resource Development Strategy for South Africa (HRDSSA). The DBE
is tasked with creating and maintaining an education system that provides lifelong learning and
skills for all citizens, thereby enhancing the quality of life and supporting a democratic society

(DBE, 2022).

The South African Education System is divided into General Education and Training (GET)
and Further Education and Training (FET) (Department of Basic Education, 2011). GET
includes Grades R to 9, while FET includes Grades 10 to 12, as outlined in the Curriculum and
Assessment Policy Statement (Department of Basic Education, 2011). Education is compulsory
from age seven (Grade 1) to age 15 (Grade 9) (DBE, 2022). Schooling ranges from Grade R
(Reception) to Grade 12, culminating in the National Senior Certificate (Matric). However,
disparities persist. For example, in 2022, only 80.1% of learners passed the Matric exam, and
performance varied sharply across provinces and school types (DBE, 2022). The South African
school landscape is characterised by a tripartite categorisation comprising public schools,

governing body-funded schools, and private schools. This classification reflects the country’s
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socio-economic and historical realities, particularly those shaped by its apartheid legacy.
Understanding the differences among these school types is essential to contextualising

disparities in access to ICT resources and instructional quality in Science Education.

Public schools form the majority of basic education institutions and are fully subsidised by the
state through the DBE. While public schools aim to ensure fair access to education, the quality
of infrastructure and teaching resources often varies drastically across provinces and urban—
rural divides. Rural and township schools are mostly overcrowded, have inadequate sanitation,
and insufficient learning materials, including limited or non-existent ICT tools (UNICEEF,
2022). Conversely, better-resourced public schools, usually located in urban areas, mostly have
access to basic ICT infrastructure, such as computer labs or smartboards. However, these are
often underutilised due to a lack of skilled personnel or technical support (Mhlanga & Moloi,
2020).

Governing body-funded schools, previously referred to as Model C schools, emerged from
formerly whites-only institutions during apartheid and operate under a semi-privatised funding
model. While they still receive government subsidies, they supplement operational costs
through school fees, fundraising, and other community contributions. This additional financial
capacity allows for improved facilities, better-qualified teachers, and the integration of ICT
into daily classroom instruction (Hart, 2024). Consequently, these schools often perform
significantly better in national assessments and are more likely to offer ICT-enabled science

learning environments.

Private schools operate independently of the public system, although many are registered with
the DBE and must comply with minimum academic standards. They tend to offer smaller class
sizes, more specialised teaching staff, advanced ICT resources, and often follow curricula
aligned with international examination boards such as Cambridge International or the
International Baccalaureate (Cambridge Assessment International Education (CAIE), 2022).
While the private education sector serves only about 5-7% of South African learners, its

influence on educational quality and innovation is substantial (ISASA, 2021).

The implications of this tripartite system are profound for ICT-based science instruction. The
unequal distribution of resources, including digital infrastructure and teacher training, creates
significant disparities in learners’ exposure to ICT-enhanced science curricula. Schools in
affluent urban areas are far more likely to incorporate digital tools into teaching and learning,
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while those in under-resourced communities struggle with the most basic infrastructure (Pelser
& Swanepoel, 2022). Thus, the type of school attended is a strong predictor of both the quality
of Science Education received and the likelihood of encountering ICT-based instructional
technologies. In Mpumalanga Province, however, the translation of these national ICT policies
into classroom practice has been uneven. Rural schools in particular face infrastructural
challenges such as unreliable electricity and limited broadband access, which directly affect
science teachers’ ability to implement ICT-based instructional strategies (Ngoveni et al., 2025).
This contextual reality frames the present study’s focus on how teachers in Mpumalanga

perceive and utilise ICT tools in their classrooms.
2.2.1 Policy Development for ICT in South African Education

Early and effective digital adoption could be transformative for South Africa’s economy.
McKinsey & Company (2019) estimated that accelerated digitisation and automation could
yield a net gain of up to 1.2 million jobs by 2030 and significantly lift productivity and per-
capita income if public and private actors work together in bold and imaginative ways.
However, achieving these outcomes depends critically on developing a digitally competent
population, particularly future graduates equipped with technological fluency, critical-thinking

skills, and adaptability to sectors shaped by artificial intelligence and automation.

Despite this potential, South Africa faces profound infrastructural and socio-economic barriers
to widespread access to ICT. According to the General Household Survey (Stats SA, 2021),
only 10.4% of households had internet access at home, and most access occurred via mobile
devices rather than fixed connections. National data further show that approximately 27.3% of
households owned a computer in 2021, with substantial disparities between urban and rural
communities (Stats SA, 2022). These patterns align with broader research on South Africa’s
digital inequality, where affordability, geography, and income levels strongly shape technology
use (Gillw et al., 2018; Sithole & Mbukanma, 2024).

Policy ambitions for digital integration in education go back two decades. The Department of
Education’s White Paper on e-Education (2004) envisaged that every learner and every teacher
would be ICT-capable by 2013, integrating technology into learning, assessment, and school
management. However, delivery has been uneven across provinces and phases. Case studies in

both urban and township contexts document fragmented implementation capacity and the need
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for sustained teacher development alongside local support structures (Mkhize & Davids, 2021;

Hart, 2023; Ramakgolo & Niyitunga, 2024).

The COVID-19 pandemic stress-tested the system. Schools and universities shifted to online
platforms such as Zoom and Google Classroom, but outcomes varied considerably depending
on institutional preparedness, connectivity, and device availability (Maringe & Chiramba,
2022). To mitigate access barriers, the government and regulators introduced zero-rating for
selected educational websites. By January 2021, the Independent Communications Authority
of South Africa (ICASA) reported that more than 1,000 health and education sites were zero-
rated, and the Department of Higher Education and Training (DHET) published a complete list
of approved educational URLs (ICASA, 2021; DHET, 2020). Still, affordability remained a
significant constraint to equitable remote learning. The Alliance for Affordable Internet (A4AlI)
“1 for 2” benchmark defines affordable internet as 1 GB of mobile data costing no more than
2% of average monthly income, yet many African markets, including South Africa, have

struggled to meet this target for low-income users (A4Al, 2022; ITU & A4Al, 2022).

Recent strategies signal a renewed commitment to digital equity. The National Digital and
Future Skills Strategy (DCDT, 2020) and its 2021-2025 implementation programme
emphasise building digital skills across the schooling and post-school sectors, encouraging
public—private partnerships, and prioritising infrastructure investment (DCDT, 2022).
Complementary analyses stress that infrastructure improvements must be paired with teacher
training and school-level support to translate connectivity into meaningful pedagogy (Hart,
2024; Pelser & Swanepoel, 2022). While South Africa has long recognised the transformative
potential of ICT in education, progress has been hampered by infrastructure deficits,
affordability constraints, and uneven policy implementation. Realising the goals of national
strategies requires a coordinated approach that aligns connectivity initiatives with sustained

investment in teacher development and context-relevant digital resources.

The literature clearly indicates that a lack of infrastructure, teacher readiness, and socio-
economic differences are significant obstacles to integrating ICT. However, these studies show
that just having access to technology does not guarantee that teaching will change. The
continued use of traditional teaching methods, even in schools with digital tools, shows that
the problem is not just technical but also pedagogical and systemic. In Mpumalanga Province,

where apparent differences between rural and peri-urban areas persist, it is essential to examine
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not only whether ICT resources are available but also how teachers use, understand, and apply
them in their classrooms. This gap substantiates the current study’s emphasis on teachers’ lived

experiences and contextual limitations.
2.2.2 Challenges to ICT-based education in South Africa

Empirical evidence from both developed and developing contexts consistently shows that
effective ICT integration enhances learner engagement, motivation, and academic performance
in science subjects (Seegobin, 2024; Sithole & Mbukanma, 2024). However, in South Africa,
the realisation of these benefits remains uneven and often constrained by structural inequalities,

inadequate infrastructure, and varying levels of teacher readiness.

Recent studies of public schools reveal that while teachers acknowledge ICT’s transformative
potential, actual use is frequently minimal or misaligned with curricular goals. Common
barriers include unreliable electricity supply, limited digital literacy among educators, and poor

access to functional ICT tools (Dlamini, 2022; Pelser & Swanepoel, 2022).

Earlier insights into the purposeful integration of ICT within learner-centred pedagogies remain
relevant today. Such approaches expand access to educational resources and support
interactive, individualised instruction (Tigere & Netshitangani, 2022). However, more recent
evidence highlights that many South African teachers still lack the confidence and training
needed to implement ICT effectively. As a result, they often revert to traditional lecture-based
methods despite having access to digital tools (Moodley, 2015). The absence of sustained
school leadership in driving ICT innovation, combined with a lack of context-specific

professional development, further limits adoption.

Socio-economic conditions continue to shape ICT use, especially in under-resourced rural
schools. The digital divide extends beyond the simple presence or absence of devices to
encompass inadequate funding models, low levels of parental involvement, and infrastructural
deficits (Mhlongo et al., 2023). Importantly, having technology in classrooms does not
automatically lead to transformative teaching. Pedagogical innovation requires ongoing

support, peer collaboration, and reflective teaching practices (Seegobin, 2024).

Studies show that successful ICT implementation in low-resource environments depends
heavily on teacher beliefs, school leadership, and ongoing technical support (Sithole &

Mbukanma, 2024). Professional learning communities and locally relevant training
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programmes, particularly those grounded in peer mentoring, have been shown to boost teacher
confidence and foster instructional creativity (Dlamini, 2022). A complex interplay of factors
shapes the educational value of ICT tools. Infrastructure availability, teacher digital skills,
administrative support, and policy coherence, such as alignment between national ICT policies,
teacher development programmes, and classroom practice, are critical. Without this strategic
alignment, the promise of digital transformation in science teaching will remain challenging to
realise, raising concerns about effective policy implementation and sustainability. These
challenges are especially pronounced in Mpumalanga, where many schools lack adequate ICT
laboratories and technical support. Teachers often report difficulties in sustaining ICT use
beyond administrative tasks (Mathonsi, 2023), which raises critical questions about their

preparedness to integrate ICT into science teaching, a central concern of this study

2.3 1CT TOOLS FOR SCIENCE EDUCATION

ICT tools have become indispensable for enhancing science teaching and learning at all
educational levels. Their ability to visualise abstract scientific concepts, simulate complex
natural phenomena, and support inquiry-based learning makes them particularly valuable in
science instruction (Bishaw et al., 2022; Agyemang-Adarkwah et al., 2024). They also foster
active engagement, collaborative problem-solving, and experiential learning. Globally, ICT
has shifted from being a complementary resource to a pedagogical imperative, a change
accelerated by the disruptions of the COVID-19 pandemic (Antoninis et al., 2023; Maringe &
Chiramba, 2022).

Spreadsheets, such as Microsoft Excel and Google Sheets, are widely used for teaching
scientific data handling. They support tasks such as tabulation, plotting graphs, and basic
statistical analysis. Spreadsheets help learners identify trends and even model processes with
real or simulated datasets (Adewale, 2024). Data projectors, including Liquid Crystal Display
(LCD) and Digital Light Processing models, are often ceiling-mounted and connected to
laptops or multimedia systems. These projectors enable teachers to present dynamic content
such as scientific animations, videos, diagrams, and simulations, which enhances learners'
understanding of complex concepts. For example, real-time demonstrations or 3D molecular

visualisations can turn abstract theories into concrete, visual knowledge (Ajayi et al., 2018).
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Interactive whiteboards (IWBs), also known as smartboards, offer even more sophisticated
functionality. Connected to projectors and computers, IWBs allow teachers and learners to
manipulate digital content directly using a stylus, finger, or electronic pen. These boards
facilitate annotation, simulation playback, and the saving of class notes, all of which support
active learning and differentiated instruction (Chigona et al., 2022). Many IWBs also integrate
with learning management systems and educational software, allowing seamless transitions

between learning activities.

When innovative technologies are unavailable, standard whiteboards and large plasma screens
remain effective instructional aids. While they may lack the interactivity of IWBs, they remain
valuable for projecting visual aids, explaining key concepts, and encouraging group
participation. When paired with affordable projection equipment, these tools offer cost-

effective options well suited to schools with limited resources (Shahi, 2024).

In science classrooms, ICT tools support constructivist learning environments in which learners
actively engage in the learning process rather than passively receive information. They enable
the visualisation, simulation, and manipulation of scientific phenomena that may otherwise be
difficult to observe directly, such as atomic structures, photosynthesis processes, or
environmental dynamics (Serevina et al., 2018; Ogegbo & Ramnarain, 2024). These tools also
promote inclusive education by supporting multiple learning styles, including visual, auditory,

and kinaesthetic modalities.

Nevertheless, the effectiveness of ICT in Science Education depends significantly on teachers’
ability to meaningfully integrate these tools into their pedagogy. Without sufficient training,
support, and curriculum alignment, ICTs may be used superficially rather than as a
transformative learning tool (Jita, 2016; Agyemang-Adarkwah et al., 2024). Therefore,
ongoing professional development, investment in school infrastructure, and promotion of
innovative teaching strategies are necessary to realise the maximum potential of ICT in science

classrooms.

Although the literature shows that different ICT tools can be helpful in teaching, it is often
assumed that simply having access to them means they will be used well. However, how well
these tools work depends a lot on how teachers plan their lessons and how effectively they
connect technology to the curriculum's goals. In many South African classrooms, especially
those that lack resources, the problem might not be a lack of tools but rather how well they are

22



integrated and how often they are used in meaningful ways. So, this study not only lists
available ICT tools, it also examines how science uses them to support learners in real

classroom activity systems.

2.4 THE INTEGRATION OF ICT-BASED INSTRUCTIONAL TECHNOLOGIES IN
SCIENCE CLASSROOMS

Science education is uniquely positioned to benefit from incorporating ICT-based instructional
technologies, given its emphasis on experimentation, abstract concepts, and process skills.
Many scientific phenomena cannot be directly observed, making them difficult for learners to
understand using conventional, text-based methods alone. ICT tools such as simulations,
animations, data-analysis software, and virtual laboratories allow learners to visualise and
interact with these concepts in ways that bolster deeper comprehension and retention (Polly et

al., 2021; Zandri & Harisman, 2025).

Studies have shown that topics such as atomic structure, thermodynamics, and ecological
interactions are more effectively taught when supported by multimedia tools that bridge the
gap between application and theory (Ogegbo, 2024). Interactive simulations, virtual labs, and
augmented reality models can foster collaboration, critical thinking, and inquiry-based

learning, enabling learners to engage actively with scientific problems (Bandekar et al., 2025).

The COVID-19 pandemic fast-tracked global digital adoption, including in South Africa.
During school closures, teachers turned to platforms such as Zoom, Google Classroom, and
WhatsApp to sustain instruction. However, the outcomes varied considerably depending on
teacher preparedness, ICT skills, and access to resources (Gegenfurtner & Kollar, 2024). Some
teachers successfully adapted lessons to leverage interactive features, while others reverted to

static materials due to limited training or infrastructure.

ICT also supports differentiated learning by catering to diverse learning styles. Visual learners
benefit from animations and videos, auditory learners from recorded lectures, and kinaesthetic
learners from interactive modelling tools. Platforms such as PhET Interactive Simulations,
Labster, and Arduino-based kits offer cost-effective, scalable laboratory experiences, which
are particularly valuable in resource-constrained schools (Ghavifekr & Rosdy, 2015).
Nevertheless, successful integration requires careful pedagogical planning. Poorly

implemented ICT risks becoming a superficial add-on rather than an integral learning tool.

23



Effective use depends on aligning digital tools with curricular objectives, providing teacher
training, and ensuring reliable infrastructure. Deliberate planning and professional support are

essential to fulfil the full potential of ICT in Science Education.

This review has identified that ICT integration is most effective when embedded within
pedagogical strategies rather than used as a supplementary add-on. However, much of the
current research focuses on ideal or well-resourced environments, offering limited insight into
how teachers in rural South African provinces navigate structural and contextual constraints.
There remains a need to understand how science teachers interpret policy expectations and
translate them into practical classroom action. By situating ICT use within Activity Theory,
this study seeks to move beyond surface-level adoption and examine how tools, rules,
community, and the division of labour collectively shape integration practices. In the
Mpumalanga context, integration is further complicated by disparities between urban and rural
schools. While some urban schools have begun experimenting with smartboards and
projectors, rural schools remain dependent on basic computer applications (Ngoveni et al.,
2025). This study, therefore, enumerates how contextual differences shape teachers’

perceptions of ICT integration in science classrooms.

2.5 SCIENCE TEACHER ACCEPTANCE OF ICT-BASED INSTRUCTIONAL
TECHNOLOGIES

The adoption of ICT in science classrooms depends heavily on teacher acceptance. Teachers’
beliefs, attitudes, skills, and prior experiences shape how they use technology to support
learning (Teo et al., 2018; Tondeur et al., 2017). Acceptance is not simply about mastering
technical skills but also about recognising the value of ICT and integrating it meaningfully into
practice (Alt, 2018). Confidence and institutional support also influence adoption. Teachers
with prior positive ICT experiences tend to integrate technology consistently, whereas those
facing technical barriers or lacking training often revert to traditional methods (Lawrence &

Tar, 2018).
2.5.1 Factors Influencing Acceptance

A range of interlinked factors, including personal attitudes, institutional environments, and
broader socio-cultural contexts, shape science teachers' decisions to adopt ICT-based

instructional technologies. In Sub-Saharan Africa, and particularly in South Africa, these
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influences often intersect with structural challenges such as poor infrastructure and uneven
possibilities for professional growth (Barakabitze & Lazaro, 2019). Recent research confirms
that teacher attitudes towards ICT are among the most potent predictors of its adoption. In
contexts where teachers perceive ICT as both beneficial and manageable, they are significantly
more likely to integrate it into their lessons (de Wet & Rothmann, 2023). Prior successful
experiences with technology, alignment with curricular goals, and confidence in technical skills

often shape such attitudes.

Empirical evidence shows that professional development opportunities play a critical role in
building these positive perceptions. Well-structured, contextually relevant training not only
develops teachers’ technical competence but also enhances their willingness to innovate
pedagogically. Teachers who receive ongoing mentorship and participate in professional
learning communities report more consistent and meaningful ICT integration (Hennessy,
Hassler & Hofmann, 2015). Institutional culture and leadership also significantly influence
adoption. Schools that prioritise technology in their strategic plans, encourage experimentation,
and model digital innovation at leadership levels tend to have higher teacher uptake of ICT
tools (Agyei, 2022). Conversely, environments lacking supportive leadership often see

sporadic or superficial use of technology, regardless of available resources.

ICT adoption among science teachers is a multifaceted process that cannot be explained solely
by access to devices. Attitudinal readiness, continuous skills development, supportive peer
networks, and enabling institutional structures all interact to shape the likelihood of sustained
and effective ICT incorporation in Science Education. For science teachers in Mpumalanga,
acceptance of ICT tools is influenced not only by individual attitudes but also by contextual
realities, such as resource availability and institutional support. This study specifically
examines how these localised factors affect teachers’ willingness and ability to adopt ICT in

science teaching.
2.6 BENEFITS OF ICT IN SCIENCE EDUCATION

The integration of ICT-based instructional technologies has transformed science teaching and
learning, offering pedagogical opportunities that go beyond those of traditional methods. These
tools create dynamic, multimodal environments that align closely with the demands of
scientific reasoning, inquiry, and problem-solving. By providing interactive, visual, and
adaptive learning resources, ICT enables learners to explore complex ideas, conduct
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experiments in virtual environments, and collaborate in ways previously constrained by time,

space, or resource availability (Polly et al., 2021).

One of the biggest advantages of ICT in Science Education is its capacity to enhance the
visualisation of abstract concepts. Scientific phenomena such as molecular structures,
astronomical events, or subatomic processes are often too small, too vast, or too rapid to be
observed directly. Simulations, 3D models, augmented reality (AR) applications, and
animations allow learners to see these processes in action. For example, PhET Interactive
Simulations and Labster enable learners to manipulate variables, observe real-time outcomes,
and build conceptual understanding through experiential engagement (Ghavifekr & Rosdy,
2015; Nipyrakis & Stavrou, 2022). This ability to see the unseen not only improves

comprehension but also fosters curiosity and deeper questioning.

From a learner engagement perspective, ICT tools provide a more interactive and learner-
centred learning environment. Unlike traditional teacher-led instruction, ICT-rich classrooms
allow learners to take an active role in their own education. Platforms such as Google
Classroom, Moodle, and Microsoft Teams provide spaces where learners can access resources,
submit assignments, engage in discussions, and receive real-time feedback. Evidence suggests
that these environments promote self-regulation, metacognition, and ownership of the learning

process (Serevina et al., 2018; Savec, 2020).

ICT also supports collaborative and cooperative learning. Through online forums, shared
documents, and virtual conferencing tools such as Zoom and Google Meet, learners can
collaborate on science projects regardless of their physical location. This connectivity fosters
peer-to-peer learning, collaborative problem-solving, and the exchange of diverse perspectives.
International collaborations, such as cross-school or cross-country science investigations,
become feasible through ICT, thereby broadening learners’ exposure to different scientific

approaches and cultural perspectives (Kundu & Bej, 2021).

From a teacher’s perspective, ICT offers significant benefits in content delivery, assessment,
and differentiation. Teachers can use interactive simulations to demonstrate phenomena that
are dangerous, expensive, or impractical to replicate in physical laboratories. Formative
assessment tools such as Kahoot, Quiz, and Google Forms provide instant feedback, allowing

teachers to adapt instruction to learners' needs in real time. This adaptability supports
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differentiated instruction, ensuring that both advanced and struggling learners receive

appropriately challenging tasks (Aderibigbe & Dube, 2022).

ICT plays a vital role in promoting inclusivity and equity in Science Education. Adaptive
learning platforms can adapt content delivery to learners' abilities and needs. Assistive
technologies such as screen readers, voice-to-text converters, and real-time translation tools
make science learning more accessible for students with disabilities or those teaching in a
second language (Oyeleye & Uche, 2020). These tools help to reduce systemic barriers and

promote equitable participation.

Importantly, ICT can serve as a bridge in resource-constrained contexts, such as rural or
underfunded schools. Virtual laboratories and mobile learning apps offer affordable
alternatives to costly equipment and physical lab space. In South Africa, where infrastructure
disparities persist, such solutions can narrow the disparity between schools with abundant
resources and those with limited resources. Mobile learning, in particular, has shown promise
in delivering science content in low-resource settings due to its portability, affordability, and

growing penetration of smartphones among learners (Makokoe & Netshandama, 2021).

ICT also fosters the development of the 21st-century competencies, including digital literacy,
data analysis, critical thinking, and problem-solving, that are increasingly essential in STEM
careers. Learners who engage with ICT in science classrooms not only master subject-specific
content but also gain transferable skills that prepare them for higher education and the

workforce (UNESCO, 2021).

Furthermore, the flexibility of ICT enables lifelong learning by allowing learners to revisit
recorded lessons, access multimedia resources, and engage in self-paced study beyond the
classroom. This flexibility proved invaluable during the COVID-19 pandemic, when school
closures necessitated remote instruction. While challenges in access persisted, many teachers
reported that recorded science lessons, online simulations, and mobile learning tools helped
sustain learner engagement and continuity of learning (Mhlanga & Moloi, 2020; Mtebe et al.,

2021).
In summary, ICT enriches Science Education by:

i.  Enhancing conceptual understanding through visualisation tools

ii. ~ Promoting active, collaborative, and self-directed learning
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iii.  Enabling differentiated and inclusive instruction
iv.  Bridging resource gaps in underfunded schools
v.  Supporting the acquisition of transferable 21st-century skills

vi.  Extending learning outside of the classroom and fostering lifelong engagement with

science

However, these benefits are maximised only when ICT is meaningfully integrated into
pedagogically sound lesson plans, aligned with curriculum outcomes, and supported by teacher

professional development.

2.7 FACTORS HINDERING AND FACILITATING ICT INTEGRATION IN SCIENCE
TEACHING

A dynamic interplay of barriers and enablers influences the integration of ICT-based
instructional technologies into science classrooms. While the potential benefits of ICT
improving teaching and learning are well documented, practical realities often limit its
consistent and meaningful use. These realities are shaped by infrastructural, pedagogical,

policy, and cultural factors.
2.7.1 Barriers to ICT Integration

One of the most persistent obstacles is infrastructure limitations. Many South African schools,
especially in township and rural areas, lack reliable electricity, stable internet connectivity, and
up-to-date digital devices. Even when ICT tools are available, they may be outdated or
incompatible with modern software, reducing their pedagogical relevance. Such infrastructural
constraints deepen existing inequalities between well-resourced and under-resourced schools,

limiting opportunities for interactive science teaching (Mom¢ilovi¢ & Ninkovi¢, 2024).

A second significant barrier is teacher preparedness. Effective ICT integration requires not only
technical competence but also confidence in applying digital tools to support pedagogy.
However, many science teachers have had limited exposure to ICT during pre-service training,
and in-service professional development is often sporadic or generic. This lack of preparation

can lead to low confidence, resistance to change, and reliance on teacher-centred methods.
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Research shows that these internal barriers, beliefs, attitudes, and self-efficacy can be as

significant as external constraints in shaping ICT use levels (Lekhu, 2023; Ghazali et al., 2024).

Policy gaps also hinder integration. In some schools, there is no clearly articulated ICT strategy
or dedicated ICT coordinator to provide guidance, troubleshoot technical issues, and ensure
alignment with curricular goals. Without coherent leadership and policy direction, ICT
initiatives risk fragmentation and unsustainability. Moreover, when ICT use is not embedded
in school development plans, it is often treated as an elective rather than a crucial component
of teaching and learning (Tucker et al., 2024). In Mpumalanga, barriers such as inadequate
infrastructure, limited professional development opportunities, and inconsistent access to
digital devices remain persistent. These barriers directly inform the research questions of this

study, which seek to understand how teachers navigate such constraints in their daily practice
2.7.2 Facilitators of ICT Integration

Despite persistent challenges, several factors can significantly accelerate the adoption of ICT
in science classrooms. One of the most consistent enablers is sustained, subject-specific
professional development. Ongoing, hands-on training tailored to Science Education equips
teachers not only with technical know-how but also with the pedagogical strategies needed to
integrate ICT into inquiry-based and conceptual learning. When this training is paired with
mentorship, peer observation, and feedback loops, it fosters teacher confidence and encourages

pedagogical innovation (Petko et al., 2023; Tondeur et al., 2021; Mpungose, 2022).

A supportive school culture is equally important. Schools that value collaboration, encourage
experimentation with digital tools, and establish communities of practice create fertile ground
for ICT adoption. In these environments, teachers share resources, co-create lesson plans, and
jointly troubleshoot challenges leading to more consistent and impactful ICT use

(Gudmundsdottir & Hatlevik, 2020; Trust et al., 2021).

Leadership commitment plays a decisive role. Principals and Department Heads who actively
champion ICT adoption by allocating resources, aligning policies, and modelling technology
use signal its importance and create a climate where innovation is rewarded. Leaders who set
clear expectations, monitor progress, and recognise exemplary practice strengthen ICT’s
position as a transformative tool in Science Education (Avidov-Ungar & Forkosh-Baruch,

2021; Wang et al., 2023).
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2.7.3 Instructional Roles of ICT in Science Education

ICT in Science Education fulfils multiple, interconnected instructional roles that, when applied

strategically, can transform teaching and learning.

e ICT as Tutor: Digital platforms, such as Al-powered adaptive learning systems, deliver
structured, personalised content that adapts to each learner’s pace and provides real-
time feedback. These systems can address misconceptions early and support

differentiated learning (Akram et al., 2023).

e ICT as Learning Environment: Virtual laboratories, interactive simulations, and
augmented reality models immerse learners in rich, exploratory environments where
they can manipulate variables, test hypotheses, and visualise abstract phenomena that

might be inaccessible in a traditional lab setting (Polly et al., 2021).

e ICT as a Learning Tool: Applications such as spreadsheets, graphing software, and
modelling programmes enable learners to collect, analyse, and represent scientific data,
fostering authentic engagement with scientific practices (Mpungose, 2022).

e ICT as Research Tool: With access to online databases, open-access journals, and
credible digital repositories, learners can develop information literacy skills by finding,
evaluating, and synthesising scientific evidence (Muriithi & Makonye, 2022).

e ICT as Collaboration Tool: Platforms such as Google Workspace, Microsoft Teams,
and virtual conferencing systems enable learners to work together on projects across
classrooms, schools, and even countries, promoting global scientific collaboration and

digital citizenship (Valdez et al., 2022).

When integrated thoughtfully, these roles work in synergy to create active, learner-centred

science classrooms that prepare learners for participation in a digitally interconnected world.
2.8 THEORETICAL FRAMEWORK AND CONCEPTUAL FRAMEWORK

Given the complexity of ICT integration in science education, this study adopted an integrated
theoretical approach. Activity Theory (AT) was used to capture systemic contradictions and
interactions within the activity system (Engestrom, 1987; Mwanza, 2002), while the Theory of
Planned Behaviour (TPB) provided insights into individual teacher attitudes, intentions, and
perceived behavioural control (Ajzen, 1991). The conceptual framework grounded these

perspectives in the practical realities of ICT use in classrooms (Creswell, 2018). These
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frameworks ensured that both systemic and behavioural dimensions of ICT integration were

addressed.

The integration of ICT in Science Education is a multifaceted process influenced by
psychological, institutional, and socio-cultural elements (Tondeur et al., 2008). The integration
of these models enables the study to investigate both teachers' intentions and study utilises three
complementing frameworks, the Unified Theory of Acceptance and Use of Technology
(UTAUT), Activity Theory (AT), and the Theory of Planned Behaviour (TPB), to offer a
comprehensive explanation of teachers' ICT adoption behaviour attitudes, as well as the
structural and contextual factors that affect the effective implementation of ICT-based
scientific instruction in South Africa (Venkatesh et al., 2003; Kozma, 2005), specifically in the
Mpumalanga Province. Applying these frameworks to the Mpumalanga context allows the
study to analyse how institutional rules, community expectations, and teacher-learner roles
interact with ICT use in science classrooms. This alignment ensures that the theoretical lens

directly addresses the study’s research questions.
2.8.1 Unified Theory of Acceptance and Use of Technology

The UTAUT model, formulated by Venkatesh et al. (2003), integrates prior theories of
technology adoption into a cohesive framework. It asserts that four constructs, namely: social
influence, performance expectancy, facilitating conditions, and effort expectancy, dictate
persons' behavioural intentions and actual technology utilisation. The UTAUT model has been
extensively validated in education to understand teachers' preparedness to utilise digital
resources (Bempah, 2025; Jingyi & Pamintuan, 2025). In Science Education, performance
expectancy refers to educators' beliefs that Information and Communication Technology (ICT)
enhances students' understanding of complex scientific concepts through visualisations or
simulations. Effort expectancy pertains to the apparent simplicity of utilising these instruments,
whereas social influence concerns the extent of motivation or anticipations from peers,
administrators, and policymakers. In this study, effort expectancy assisted in the interpretation
of responses in terms of perceived ease of use, such as whether teachers found ICT tools
intuitive or required extensive training (Garone et al., 2019). Social Influence analyses the role
of peer expectations, school leadership, and policy directives in shaping teachers’ willingness
to adopt ICT (Kim & Lee, 2020). Ultimately, favourable conditions, such as infrastructure,

technical assistance, and leadership, dictate the sustainability of adoption (de Wet & Rothmann,

31



2023). Findings were examined in relation to infrastructural and institutional support, including
access to devices, broadband, and professional development opportunities (Garone et al.,
2019). The UTAUT is an appropriate framework for this study because the evidence splits into
perceived teaching benefits, ease and capability of use, and social and institutional supports
that shape teachers’ ICT adoption. Across education settings, the four UTAUT constructs
performance expectancy, effort expectancy, social influence, and facilitating conditions are
repeatedly used to explain teachers’ intention to use technology and their actual use behavior

(Dabhri et al., 2023; Garone et al., 2019; Lee, B., & Lee, 2025).

Within Mpumalanga province, this hypothesis explains why educators in resource-abundant
urban institutions are more inclined to utilise virtual laboratories, data analysis tools, or
interactive whiteboards than their counterparts in under-resourced rural institutions. Although
educators recognise the value of ICT, its incorporation is mainly contingent on supportive
environments and continuous professional development. Consequently, UTAUT offers a

behavioural framework for analysing instructors' intentions and their implementation in reality.
2.8.2 The Activity Theory (AT)

While UTAUT focuses on individual decision-making, Activity Theory (AT) highlights the
socio-cultural contexts in which these decisions take place. Based on Engestrom’s (1987)
model of human activity, the AT defines technology use as a tool-mediated interaction
involving the subject (teacher), object (pedagogical goal), tools (ICT resources), community
(school environment), rules (policies and norms), and division of labour (roles and
responsibilities). The AT provides a diagnostic approach for finding structural contradictions
that impede ICT adoption. National policy may advocate for e-learning; nevertheless,
inadequate connectivity, insufficient equipment, and a lack of leadership commitment pose
obstacles to effective classroom implementation (Baran et al., 2023; Ssempala, 2021).
Likewise, when institutional regulations emphasise, examination results over exploratory
learning, educators may oppose ICT integration despite acknowledging its advantages (Hart,
2024). This study elucidates how institutional frameworks, school culture, and accessible
resources influence teachers' actions and motives. It facilitates a deeper understanding of how
communal factors, rather than individual intent alone, influence ICT activities in scientific

classrooms.
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2.8.3 The Theory of Planned Behaviour (TPB)

The Theory of Planned Behaviour (TPB) (Ajzen, 1991) offers a psychological rationale for
teachers' technology-related decisions. It posits that attitude towards conduct, personal
standards, and perceived behavioural control all influence intention and ensuing behaviour. In
ICT integration, teachers' attitudes represent their assessment of technology's educational
usefulness; subjective norms indicate the social pressure or support they encounter; and
perceived behavioural control signifies their confidence and capability to utilise ICT

effectively.

Recent data highlights the ongoing significance of the TPB. Wong et al. (2022) discovered that
teachers' utilisation of educational technology is significantly influenced by self-efficacy and
perceived institutional support. In contrast, Tondeur et al. (2021) highlight that favourable
attitude must be supplemented with concrete resources and administrative endorsement. In
Science Education, this indicates that teachers who recognise the advantages of simulations,
data-modelling software, and virtual laboratories may refrain from utilising them due to
insufficient training, time, or resources (Lekhu, 2023). This research uses the TPB to connect
individual psychology with systemic factors by elucidating the interplay of motivation, norms,
and perceived control in shaping behaviour. It emphasises that mere willingness is inadequate;
authentic adoption occurs only when both confidence and contextual support are present.
The study deliberately combined these three frameworks to balance breadth and depth. AT
offered a systems-based lens for examining contradictions among subjects, artefacts, rules,
community, and the division of labour. TPB complemented this by focusing on the
motivational and behavioural aspects of teachers’ use of ICT, while the conceptual framework
ensured contextual relevance by situating these perspectives within the realities of science
classrooms in Mpumalanga. This integration allowed the study to capture both systemic and

individual-level factors influencing ICT adoption.
2.8.4 Integration of the Frameworks

Each of UTAUT, AT, and TPB elucidates unique aspects of ICT adoption. When combined,
they provide a comprehensive picture of teacher behaviour within authentic educational

settings. The UTAUT model elucidates the factors influencing adoption, including perceived
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usefulness, ease of use, and social impact; the TPB delineates the reasons behind teachers'
intentions or reluctance to utilise ICT, focusing on attitudes, norms, and perceived control;
while the AT framework examines how contextual systems facilitate or impede these
behaviours. Collectively, these frameworks enable the current study to explore both micro- and

macro-level factors influencing ICT integration in science classrooms in Mpumalanga.

A teacher may have a firm intention to utilise simulations (TPB) and acknowledge the
educational value of ICT (UTAUT), yet may be unable to apply them due to institutional
restrictions, such as insufficient equipment or inflexible school regulations (AT). The
integrated model recognises that teacher readiness, motivation, and institutional capability

must be aligned for effective ICT-based instruction to take place.

A limitation of this integrated approach is that the Community aspects of AT were primarily
interpreted through the lens of the Subject (teachers), as the data collection instruments were
teacher-centred. While this focus was necessary to meet the study’s aim of exploring teacher
perceptions, future research should broaden the scope to include learners, administrators, and

policymakers to provide a more holistic view of the activity system.
2.8.5 Conceptual Framework

This study’s conceptual framework synthesises insights from the three theories to illustrate
how teacher beliefs and attitudes (UTAUT and TPB) interact with systemic enablers and
constraints (AT) to influence the level and quality of ICT integration in science teaching. It
assumes that successful ICT use emerges from the interplay between individual readiness,
institutional conditions, and broader socio-cultural context. This integrated framework
provides the analytical basis for interpreting teachers’ lived experiences in Mpumalanga
Province, guiding both the data-collection instruments and the interpretation of findings in

subsequent chapters.
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(Technology Acceptance) (Theory of Planned Behaviour) (Activity Theory)
Teacher beliefs about ICT Attitudes, subjective norms System of tools, rules,
usefilness. ease:of useand and perceived behavioural community and division of
soeiallinfinsnce control shape intention to use labour enable or constrain
ICT ICT use in classrooms
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ICT INTEGRATION IN SCIENCE TEACHING

Level and quality of ICT use in classroom practices

A 4

ANALYTICAL APPROACH

Teachers’ beliefs and intentions (UTAUT & TPB)
interact with contextual conditions (AT)

to inform the application and provision of ICT in teaching and learning.

Figure 2.1: Integrated Conceptual Framework for Analysing ICT Integration in Science

Teaching (designed by author)

2.9 CHAPTER SUMMARY

This chapter presents a comprehensive literature review of ICT-based instructional
technologies in science education, with an emphasis on the South African Education System.
It disclosed that, despite extensive regulations and technological progress, the incorporation of
ICT 1is inconsistent across schools, mainly due to infrastructural deficiencies, limited teacher
proficiency, and socio-economic disparities. This chapter's theoretical framework established
the basis for comprehending these problems. The study integrated UTAUT, AT, and TPB to
address both personal and systemic aspects of ICT adoption among science educators. This
multifaceted method enabled the researcher to investigate both educators' goals and beliefs and
the structural obstacles and enablers that influence their practice. This chapter delineated the
conceptual and theoretical justification for the approach outlined in Chapter 3, which
investigates science teachers' perceptions, adoption, and application of ICT-based instructional

technology in Mpumalanga.
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CHAPTER 3

RESEARCH DESIGN AND METHODOLOGY

3.1 INTRODUCTION

This chapter outlines the inquest procedure and the blueprint used to ensure the study’s
effective conclusion. The chapter provides a research paradigm to locate the study. It also offers
a comprehensive elucidation of the research setting, data collection techniques, and the
methods used to analyse the collected data. In closing, the chapter portrays the researcher’s

role in the inquiry.

3.2 RESEARCH PARADIGM

Bhattacherjee (2012:17) describes the research worldview as the ‘plan and lead of research
model by our psychological models or casings (belief system) of allusions that we use to
compose our thinking and perceptions’. The two popular research worldviews are quantitative
and qualitative. According to Creswell (2003:9), quantitative methods “advance the
relationship among variables and pose this in terms of questions or hypotheses”. At the same
time, qualitative researchers often use open-ended questions to allow participants to express
their views. Thus, both qualitative and quantitative methodologies were used in the study.

Creswell (2003) denotes that,

A pragmatist research paradigm design configuration is
helpful to catch the best of both quantitative and qualitative
approaches. A pragmatist researcher is not committed to
any one system of philosophy and reality. This applied to
mixed-methods research, in which inquirers draw liberally
from both quantitative and qualitative assumptions when

conducting their study (p. 12).

For this reason, this study was conducted using the pragmatic paradigm, which permits the
researcher to maintain objectivity or impartiality while gathering data and analysis processes

and to ensure that personal preferences or prejudices do not pollute the research findings.
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3.3 RESEARCH METHODOLOGY

Research methodology is the overall procedures the researcher utilised to achieve the aim of
the investigation, which could affect the choice of research instruments used to collect data,
and data manipulation, interpretation, and presentation (Leedy & Ormrod 2005:12). There are
mainly three inquiry (Creswell 2003:18) strategies that someone can pick from when leading
research. These are quantitative, qualitative, and mixed methods techniques. Creswell (2003)
further describes the quantitative inquiry method as one in which the researcher essentially
utilises post-positivist cases to develop expertise, employs procedures of inquiry such as
research methods, and gathers information for predetermined applications that yield factual

information.

According to the qualitative literature (Patton 2002; Strauss & Corbin 1990), qualitative inquiry
is an approach that uncovers discoveries not achieved through arithmetic measures or other
methods of quantification, wherein the intriguing phenomenon develops organically. On the
other hand, a mixed-methods research approach is one in which researchers gather, analyse,
and integrate both deductive and inductive data in a single inquiry or in a long-term programme

of inquiry to address their research enquiries (Creswell 2003:6).

To achieve the objectives of this inquiry, the researcher adopted a mixed-methods approach to

collect and analyse data.

3.3.1 A multiple methods approach

This study adopted a mixed-methods design, specifically a sequential explanatory model
(Creswell & Plano Clark, 2018; Ivankova, Creswell & Stick, 2006). Quantitative data were
collected first to provide a descriptive overview of ICT integration, followed by qualitative
data to explain and enrich these findings. This design was chosen because it allows qualitative
results to elaborate on quantitative outcomes, thereby strengthening the overall analysis. While
the study relied on a single teacher-centred instrument, the integration of multiple theoretical
frameworks guided interpretation rather than expanding data sources, ensuring coherence
between the theoretical framework and the data presentation. Mixed-methods research enabled
the researcher to use multiple methods. More specifically, blending methods from both the

qualitative and quantitative approaches. A blended strategy of qualitative and quantitative
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methods allowed the researcher to investigate the research problem from various perspectives,
thereby addressing it and providing appropriate recommendations. Importantly, the relevance
of this approach is well established in existing research. Scholars argue that mixed methods
designs are particularly effective for investigating complex social phenomena that involve both

measurable patterns and subjective experiences (Fetters & Molina-Azorin, 2020).

Timans, Wouters, and Heilbron (2019) note that concurrent mixed-methods designs enhance
the reliability of study results by integrating complementary data sources within a single
analytical framework. Similarly, Creswell and Plano Clark (2018) emphasise that nested mixed
methods designs are beneficial when one method requires reinforcement from another to
explain or contextualise findings. The scholarly consensus supports the use of mixed-methods
approaches in applied social research, health studies, and educational research, where they have
been shown to yield richer, more actionable insights than single-method designs (Bazeley,
2018). By aligning with established scholarly practices, the mixed-methods approach adopted
in this study enhances its methodological rigour, relevance, and contribution to existing

knowledge.

3.4 THE RESEARCH DESIGN

The strategy that connects philosophical presumptions to particular techniques, such as survey,
experimental, or ethnographic research, is known as a research design (Mbanaso et al., 2023).”
To realise the intents of this study, the researcher used a case study design. According to Yin
(1994: 13), a case study is an “empirical enquiry that investigates a contemporary phenomenon
within its real-life context, especially when the boundaries between phenomenon and context
are not clearly evident.” This implies researching an object that is part of an open system and
which both interacts with and is influenced by its environment (Graue, 2015: 31). Importantly,
the case study design facilitated in-depth data collection and analysis by allowing the researcher
to focus closely on the selected texts as bounded units within their specific cultural, historical
and social contexts. The design also supported the integration of primary textual evidence with
secondary scholarly sources, thereby strengthening interpretation and contextual
understanding. Overall, the case study approach ensured depth, coherence, and analytical
rigour by enabling the researcher to examine the complexity of ICT integration in teaching and

learning as it unfolded within specific literary and socio-cultural environments.
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Since this case study’s purpose was to gain an in-depth understanding, the researcher adopted
a mixed-methods approach (Creswell, 2012:535), utilising surveys as the primary data-
collection method. This implied that quantitative design was the leading research approach for
this study, because it permits the researcher to oversimplify the study's findings (Creswell,
2012:542). In this case study, a closed-ended questionnaire was used for the quantitative
method, and an open-ended questionnaire for the qualitative method. The aim of using a case
study design was to merge the conflicting strengths and shortcomings of quantitative and
qualitative approaches (Creswell, 2012:535). However, the researcher adopted this design to

validate and expand quantitative results using qualitative data.
3.5 THE RESEARCH SETTING

The research setting is the context in which a study is conducted (Etikan & Bala, 2017:200).
The study was conducted in Mpumalanga Province, South Africa. Mpumalanga is located in
the north-eastern part of South Africa. It is bounded by Limpopo province to the north, the
country of Mozambique and Eswatini to the east, the provinces of KwaZulu-Natal and Free
State to the south, and Gauteng province to the west. Mpumalanga Province has four education
districts (see section 1.8.7.5). The study included secondary school Physical Sciences teachers

across four educational districts within the Mpumalanga province, as depicted in Figure 3.1.
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Figure 3.1. Four Educational Districts in Mpumalanga Province (Monkam, 2014)
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3.6 POPULATION AND SAMPLING

A thorough description of the research population and the sampling strategy is given in this

section.

3.6.1 Population

The target population for this study comprised all active Physical Sciences teachers in public
secondary schools across the four education districts of Mpumalanga Province, namely,
Nkangala, Ehlanzeni, Gert Sibande, and Bohlabela. According to district workshop attendance
records obtained during the data-collection period, a total of 86 Physical Sciences teachers
formed the accessible population for this study. From this accessible population, 83 teachers
voluntarily participated in the study by completing the questionnaire. This represents a high
response rate, indicating strong participation, and enhances the credibility of the findings. As
per Efil and Negida (2017), a research population is “the summation of every item, subject, or
person that sensibly speaking expectedly meet a lot of conditions and necessities.” In the same
tone, Castillo (2009:1) defines a research population as “a huge collection of people or items
that become or are focused as the focal point of experiential research.” The author further
describes a research population as a well-characterised set of people or items considered to
have similar attributes. Given the aforementioned, the study focused on science teachers in
secondary schools in South Africa's Mpumalanga Province, which served as the study

population.

3.6.2 Sampling

Sampling will be defined in this study as the systematic process of selecting a smaller,
manageable group from a larger population to generate findings that meaningfully represent
that population within the limits of the research design. In quantitative and mixed methods
research, sampling is critical because it shapes the credibility and generalisability of the results,
and the practical feasibility of data collection (Creswell, 2012). Probability sampling methods,
such as systematic sampling, are commonly used to reduce selection bias and ensure that each
person in the population has a known chance of getting included (Etikan & Bala, 2017; Elfil &
Negida, 2017).
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A systematic sampling method (Creswell, 2012:143) was used to select this study’s
participants. Members of a larger population are selected at regular intervals from a random
starting point using systematic sampling, a probability sampling technique. Still, with a fixed,
periodic interval (Elfil & Negida, 2017:9). The population size is divided by the intended
sample size to determine this interval, also known as the sampling interval. For this study,
simple random sampling was not favoured due to its inefficiency and time-consuming nature
(Etikan & Bala, 2017: 215), whereas a systematic approach to selecting a sample size can be

quick. Given this, a List-Based Sampling (LBS) frame was utilised for this study.

This sampling frame can be used just as one would for a traditional survey (Elfil & Negida,
2017:10). It generally begins with a summary of those who have access to the Internet. Given
this, systematic sampling was used to select 83 Physical Sciences teachers in Mpumalanga
province. The researcher was invited to meet with Physical Science teachers in the province
during their in-house workshop on Physical Sciences. The number of participants is determined
by the number of existing science teachers in the province for the academic year 2024, all of
whom have completed at least a Diploma in Education Programme at a College of Education
at any public University in South Africa. Everyone who took part was an active teacher

teaching Physical Sciences in secondary schools in Mpumalanga Province of South Africa.

Furthermore, this study’s inclusion and exclusion criteria were clearly defined to guarantee that
participants were pertinent to the study's objectives and that the data collected were valid and
reliable. The inclusion criteria comprised teachers currently employed as Physical Sciences
teachers in public secondary schools in Mpumalanga Province, actively teaching during the
2024 academic year, and holding at least a Diploma in Education from a recognised public
university or College of Education in South Africa. Participants were also registered attendees
of the provincial in-house Physical Sciences workshop through which access to the population

was facilitated, and they willingly provided informed consent to participate in the study.

The exclusion criteria applied to teachers who were not teaching Physical Sciences, those
teaching at the primary school level or at tertiary institutions, teachers who were retired, on
long-term leave, or not actively practising during the period of data collection, as well as
individuals who did not meet the minimum professional qualification requirements. In

addition, teachers employed in private schools or outside Mpumalanga Province were excluded
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to maintain contextual consistency and ensure that the sample accurately reflected the target

population defined for this study (Creswell, 2012; Etikan & Bala, 2017).

3.7 DATA-COLLECTION PROCEDURE

As stated in Section 3.4, a multiple contextual investigation structure was used in this study. In
this inquiry, an open-ended questionnaire was adapted from some earlier studies on ICT in
education (Ghavifekr & Rosdy, 2015). Items from the adapted questionnaire were then
modified to ensure they could be used in the context of science teaching in the Mpumalanga
Province. Questions that sought information on access to and use of ICTs were adapted to
accurately reflect the circumstances experienced in rural, as opposed to urban, schools. The
structure of the adapted instruments was based on the validated instruments; modifications
were made to ensure that they were suitable for the study. The questionnaire (see Appendix E)
was developed for Physical Science teachers. Hence, the designed questions were clear. The
researcher previously mentioned that the study was a mixed-methods study (see Section 3.3);
thus, the questionnaire comprised two data sets: closed-ended and open-ended questions, which

are covered in the following section.

3.7.1 Closed-ended questions

A five-point Likert scale with a rating range of 1 to 5 was utilised for the closed-ended
questions that demonstrated the study's numerical component, which indicated the ‘strength of
feeling or attitude’ (Bell, 1999:85). According to Bernard (2000:294), the rating scale is often
referred to as a Likert-type scale. The Likert-type scale allowed the researcher in this study to
use a more suitable questioning style rather than dichotomous (yes or no) style questions
(Punch, 1998:95). Furthermore, as Miles and Huberman (1994:253) attest, the Likert-type scale
enabled the researcher to include a ‘level of affectability and separation of rejoinder’ into the

study.

The scale indicated: 1 = Strongly Agree (SA); 2 = Agree (A); 3 = Neutral (N); 4 = Disagree
(D); and 5 = Strongly Disagree (SD). A neutral option was made available in case some
participants were new to certain practices. The questionnaire contained 38 question items (QIs).
Question Items 1-4 addressed respondents' demographic information. Question Items 6-30

were comprised of 26 questions, explained as follows:
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e Question Item 5 sought information on objects or tools used by teachers to mediate
activity in the teaching of science.

e Question Items 6-16 (11 questions) addressed whether ICT-based instructional
technologies improved science activities.

e Question Items 17-23 (7 questions) addressed whether ICT-based instructional
technologies regulated actions and interactions of activities in the teaching of science.

e Question Items 24-30 (6 questions) sought answers on the functions and tasks of

participants in the activities of teaching science.

In each aspect, respondents rated their reactions on a five-point Likert-type scale.

3.7.2 Open-ended questions

The questionnaire featured a series of open-ended questions to guarantee that particular data
were gathered. The goal was to compile comprehensive qualitative information from the
science teachers on ICT-based instructional technology in science activities. The use of open-
ended questions also helped collect potentially rich information that was relatively distinct
from what the researcher anticipated (Tashakkori & Teddlie, 1998:102). In this regard, the
questionnaire included eight questions (QIs 31-38) that asked for brief descriptions of how
teachers used ICT-based instructional technologies to promote science activities in secondary

schools.

To ensure clarity and consistency in data collection, the questionnaire was administered in
person during a provincial in-house Physical Sciences workshop attended by teachers in
Mpumalanga Province. Teachers were required to complete the questionnaire individually and
were not allowed to take it home or complete it online. The questionnaire was completed at the

workshop venue, where the teachers had gathered, rather than at their respective schools.

The questionnaire was administered after the workshop sessions concluded, to avoid disrupting
the training and to ensure participants could respond without time pressure. Completing the
questionnaire after the workshop also allowed teachers to reflect calmly on their teaching
practices and experiences with ICT-based instructional technologies. Participants completed
the questionnaire independently, and group discussion or collaboration during completion was

not permitted to minimise response bias and guarantee the authenticity of the collected data.
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Before the questionnaire was administered, clear instructions were given to the participating
teachers on how to respond to the open-ended questions. The researcher explained that there
were no correct or incorrect answers and that participants were expected to respond based on
their personal teaching experiences and classroom practices. Teachers were instructed to
provide brief yet clear descriptions of how they used ICT in science activities, with concrete
examples where possible. They were also informed that their responses would be treated
confidentially and used strictly for academic purposes. The questionnaire was given enough
time to be completed, and participants were urged to respond to all open-ended questions on
their own, without discussing them with colleagues, to ensure the reliability and credibility of

the collected data (Tashakkori & Teddlie, 1998).

3.8 DATA-ANALYSIS

Data analysis summarised the collected data and involved interpreting data collected by
applying logical and analytical reasoning to identify trends, correlations, or patterns (Tracy,
2024). Data analysis was one of the most essential parts of a qualitative study. Hatch (2023)
clarifies that epistemological nature and underlying assumptions make qualitative data analysis
a rich and often intricate process. In this study, data were collected using both quantitative and

qualitative methods.

In this study, the unit of analysis was the constructs of Activity Theory (Engestrom, 2001),
namely mediating artefacts/tools, rules, community, division of labour, and outcomes. Both
quantitative and qualitative data were examined in relation to these constructs to ensure
consistency between the theoretical framework and the analytical process. The mixed-methods
approach was applied sequentially, quantitative data analysis was conducted first to identify
patterns of ICT use and perceptions, followed by qualitative analysis to provide deeper
contextual insights. This sequencing allowed the Activity Theory constructs to serve as the
interpretive lens across both strands of data, ensuring that findings were systematically

connected to the study’s theoretical foundation.

3.8.1 Quantitative Data Analysis

The quantitative data collected through the closed-ended questions were analysed using the

Statistical Package for the Social Sciences (SPSS). The data were summarised using descriptive
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statistics, such as means and standard deviations. At the same time, an independent-samples t-
test was conducted to determine whether ICT-based instructional technologies facilitate

science teaching.

Data coding was a step in the analysis process, in which responses were converted to a
numerical format for statistical analysis. In this regard, descriptive and inferential statistical
techniques (Ong & Puteh, 2017:15) were employed to analyse the research questions.
Descriptive analyses, including frequencies and percentages, were used to describe the data
distribution (Pallant, 2015). Inferential statistics, including means, standard deviations, and
independent-samples #-tests, were also performed to examine relationships and differences

within the dataset (see Section 4.2).

In this study, a t-test was conducted to determine whether there were statistically significant
differences between the datasets' mean values. A significance level of 0.05 was adopted for

inferential statistical testing (Nahm, 2015:9).
3.8.2 Qualitative Data-Analysis

Qualitative data analysis in this study was defined as a systematic interpretive process through
which open-ended textual responses were organised, coded, and examined to identify
meanings, patterns, and themes that addressed the study’s research questions (Creswell & Poth,
2018; Miles et al., 2014). Since the qualitative data were derived from teachers’ written
responses to open-ended questionnaire items, the analysis focused on identifying recurring
ideas related to teachers’ experiences, attitudes, challenges, and contextual realities of ICT

integration.

To achieve this, data from the open-ended responses were analysed thematically using the six-
phase framework proposed by Braun and Clarke (2006). Thematic analysis was considered
appropriate because it is a flexible method for identifying and interpreting patterns of meaning
across qualitative datasets, particularly where the aim is to summarise key experiences and
challenges across a group of participants (Braun & Clarke, 2006; Nowell et al., 2017). The
qualitative analysis followed Braun and Clarke’s (2006) six-phase framework, as outlined

below:
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Phase 1: Familiarisation with the data

This phase involved reading and re-reading all open-ended responses to gain an overall
understanding of the data. Preliminary notes were written to capture early observations,
recurring issues, and notable statements, including challenges related to insufficient gadgets,
poor internet connectivity, limited teacher training, and positive perceptions of ICT use. This
immersion was essential for improving interpretive accuracy and avoiding superficial analysis

(Braun & Clarke, 2006; Miles et al., 2014).

Phase 2: Generating initial codes

During this phase, meaningful units of text were systematically identified and assigned concise
codes that captured the essence of each response. Examples of codes included “lack of ICT

2 e

resources,” “teacher training needs,

2 ¢C 29 ¢

time constraints,” “improved learner engagement,”
“curriculum pressure,” and “network failure.” Coding was applied consistently across the entire
dataset, and responses containing multiple ideas were split and coded separately to preserve

meaning (Braun & Clarke, 2006; Saldana, 2021).

Phase 3: Searching for themes

After initial coding, related codes were categorised into broader categories and organised into
potential themes. For example, codes such as “no computers,” “few projectors,” and “limited
school devices” were combined into a theme labelled Resource Constraints. In contrast, codes
such as “power outages” and “poor internet connectivity” formed the theme “Infrastructure
Barriers.” This phase enabled the identification of patterns across participants’ responses

(Braun & Clarke, 2006).

Phase 4: Reviewing themes

Themes were reviewed at two levels. First, each theme was examined in relation to its coded
extracts to ensure internal coherence. Second, themes were compared to the complete dataset
to confirm that they accurately represented participants’ responses. Overlapping themes were
merged, while overly broad themes were refined into clearer sub-themes to enhance analytical

clarity (Braun & Clarke, 2006; Nowell et al., 2017).

46



Phase 5: Defining and naming themes

This phase involved refining and clearly defining each theme, specifying what it captured and

how it related to the study objectives. The eight questions served as the themes in this regard.

Phase 6: Producing the report

The final phase involved presenting the themes in an articulate narrative, supported by direct
quotations from teachers’ responses as evidence (see Chapter 4). Interpretation was in line with
the research questions and the relevant literature on ICT integration in education (see Chapter
5). Where appropriate, qualitative findings were integrated with quantitative results to deepen

explanation and enhance interpretation (Creswell & Plano Clark, 2018).

Thematic analysis was suitable for this study because it provided a structured, credible
approach to interpreting teachers’ open-ended responses while allowing rich descriptions of
real classroom experiences. Given that ICT integration is context-dependent and shaped by
school resources, teacher competence, and systemic constraints, thematic analysis enabled
these intricacies to emerge from the participants’ narratives rather than being imposed through
predetermined categories (Braun & Clarke, 2006; Nowell et al., 2017). The method also
supported the study’s mixed-methods design by allowing qualitative findings to explain and

contextualise the trends observed in the quantitative data (Creswell & Plano Clark, 2018).

Throughout the investigation, a number of techniques were used to lessen bias and increase the
reliability of the qualitative analysis. A detailed codebook was developed to ensure consistency
in coding and interpretation across the dataset, thereby reducing subjective variation (Miles et
al., 2014). Reflexive memoing was also employed, with the researcher documenting
assumptions, analytical decisions, and reflections during the coding and theme development

process to enhance transparency and reflexivity (Braun & Clarke, 2006).

In addition, a peer-review and audit-trail process was followed, during which coding decisions
and emerging themes were examined for clarity, logic, and consistency in line with established
qualitative quality standards (Nowell et al., 2017). Particular attention was paid to deviant or
contradictory cases to ensure that minority perspectives were recognised and included rather
than marginalised, thereby enriching the analysis (Creswell & Poth, 2018). Potential

limitations, such as brief or unevenly detailed responses, were acknowledged, and
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interpretations remained firmly grounded in the teachers' data, avoiding unsupported

assumptions or overgeneralisation.

3.9 RELIABILITY AND VALIDITY OF INSTRUMENTS

Reliability and validity were essential considerations in this study, particularly given the use
of both quantitative and qualitative data. Tuval-Mashiach (2021) states that issues of validity
and reliability are critical in quantitative research; however, they are treated differently in
qualitative inquiry, as there is no intention to establish quantitative measures of validity and
reliability. Reliability and validity both relate to the reasoning and precision of a research
instrument. Similarly, Ghanad (2023) notes that reliability and validity determine whether a
researcher measures what was intended and how dependable the research results are. This

section explained how the researcher made sure the study tools were valid and reliable.

3.9.1 Reliability

The main goal of reliability measurement was to assess the internal consistency of each
research instrument variable. A test was considered reliable when different researchers could
use it under stable conditions, it produced consistent results, and the findings did not vary

significantly over time.

Reliability referred to the production of similar results under consistent conditions. This
understanding corroborates definitions provided by several researchers who describe reliability
as the degree to which research findings remain consistent over time, accurately represent the
population under investigation, and can be replicated using comparable methods (Creswell,
2012; Ahmed & Ishtiaq, 2021). However, reliability alone was not sufficient to guarantee
validity. Therefore, it was the researcher’s responsibility to ensure a great degree of reliability

and trustworthiness in both the research instruments and the results.

In this study, reliability was ensured by examining the consistency of responses obtained from
the closed-ended questionnaire completed by Physical Sciences teachers from selected
secondary schools. The responses demonstrated a reasonable level of consistency across items.

Furthermore, the Cronbach’s Coefficient Alpha test (see Table 3.1) was used to assess the
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quantitative instrument's internal consistency, measuring ICT-based instructional technologies
used in science teaching. While a minimum Cronbach’s Alpha value of 0.70 is generally
considered acceptable in educational and social science research, a cut-off value of 0.80 or
above is widely regarded as evidence of good reliability (Taber, 2017:201). Table 3.1 presents

the quantitative reliability results for the science teachers’ responses.

Table 3.1: Science Teacher Quantitative Reliability Score

Items Number of | ra (Cronbach’s
Items Alpha)

ICT tools or objects for teaching science 1 0.521

ICT-based instructional technologies improve science | 11 0.834

activities

ICT-based instructional technologies regulate actions | 7 0.754

and interactions of activities in the teaching of science

ICT-based instructional technologies on the functions | 7 0.965

and tasks of participants in the activity

Overall 26 0.769

Table 3.1 above shows the quantitative reliability scores for the science teachers. The
Cronbach's Alpha value for all items was 0.769. According to Taber (2017), Cronbach’s Alpha
values between 0.45-0.98 are considered ‘acceptable,” and values between 0.45-0.96 are
considered ‘sufficient.” Therefore, the closed-ended responses collected from the research

participants were consistent.

3.9.2 Validity

Ahmed and Ishtiaq (2021:2402) describe validity in quantitative research as a means to
establish whether the research instrument accurately measures what it was intended to measure
and whether the study outcomes are dependable. This study's quantitative tool was specifically
created and self-designed to address the research questions guiding the inquiry. Given this,

careful attention was paid to establishing its validity.
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First, content validity was ensured through an extensive review of relevant literature on ICT
integration in Science Education, highlighting the instrument's rigour. The questionnaire items
were derived from established constructs within the field, including technology usage, degree
of integration, institutional rules, and participant roles. Each item was aligned explicitly with
the research questions and the theoretical framework of Activity Theory. This alignment
ensured that the instrument adequately covered the conceptual domains under investigation.
The researcher and supervisor carefully reviewed the items for clarity and relevance to ensure
alignment with the study's focus. Beyond this, two experts in the physical sciences and one
ICT-in-Education specialist also reviewed and confirmed the proposals' alignment with the
study’s objectives and theoretical framework. The questionnaire was logically structured, and

the items were phrased appropriately for in-service teachers.

Second, construct validity was supported by structuring the questionnaire around key
components of Activity Theory: mediating tools, rules, and the division of labour. By
grounding the instrument in an established theoretical framework, the study ensured that the
items measured theoretically meaningful constructs rather than isolated perceptions. The
inclusion of both closed-ended and open-ended questions further strengthened construct
validity by allowing triangulation between quantitative patterns and qualitative explanations.
Five science teachers who were not part of the respondents in this study were pre-tested as part
of the content validation process for initial checking for items such as: (a) Are all items clear?
(b) Is correct usage employed? (c) Are all items correctly understood by respondents?
Consistency was supported through the structured design of the Likert-scale items and the
coherence observed in participant responses. The convergence between quantitative findings

and qualitative data further strengthened the instrument's credibility.

Third, face validity was addressed through careful wording and item structuring to ensure
clarity and relevance for in-service Physical Sciences teachers. The questionnaire was reviewed
by the supervisor to confirm alignment with the study objectives and to eliminate ambiguous

or leading statements.

Although construct validation techniques such as factor analysis were not performed, the
reliability of the instrument was assessed using Cronbach’s alpha, which indicated acceptable
internal consistency across the constructs (Table 3.1). Validity was further supported through
methodological triangulation, thereby strengthening the robustness of the findings. Confidence
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was strengthened by the convergence of quantitative findings and qualitative responses
indicating that the instrument captured consistent patterns of ICT integration in science

classrooms.

Taken together, these measures enhanced the overall validity of the quantitative instrument and

ensured it was appropriate for addressing the study's research objectives.

3.9.3 Trustworthiness

In qualitative research, trustworthiness refers to methods used to ensure that results are reliable,
grounded in participants' real experiences rather than researcher bias. Qualitative research
establishes rigour through methodological transparency and systematic verification, in contrast
to quantitative research, which relies on statistical measures of validity and reliability.
According to Lincoln and Guba (1985), trustworthiness is evaluated using four key criteria:
credibility, transferability, dependability (or constancy), and confirmability. For this study, the
researcher followed these criteria to ensure the trustworthiness of the findings. The instrument

was pilot-tested to ascertain content validity.

3.9.3.1 Credibility (Internal Validity)

Credibility refers to the degree to which a study accurately reflects participants’ experiences
and ensures confidence in the findings (Gunawan, 2015:10). Ahmed (2024:1) notes that
credibility ensures that the research theme is correctly understood and represented. To enhance

credibility, the researcher employed several strategies.

Firstly, the researcher was an active Physical Sciences teacher in a government high school
within the province, providing prolonged engagement and contextual familiarity with the study
setting (Lemon & Hayes, 2020:605). Secondly, methodological triangulation was employed,
using multiple data-collection methods to strengthen credibility (Carter, Bryant-Lukosius,
DiCenso, Blythe, & Neville, 2014:545). Thirdly, member checks were conducted: participants
reviewed the raw data and confirmed the accuracy of interpretations to enhance credibility

(Lemon & Hayes, 2020:606).

51



3.9.3.2 Transferability

The degree to which results from a qualitative study can be transferred to different situations
or groups with comparable traits is known as transferability (Lincoln & Guba, 1985). To
facilitate this, detailed descriptions of the research context, participants, and procedures were
provided, including information about participants’ professional backgrounds, teaching
environments, and the provincial setting. This level of detail enables readers to evaluate the

applicability of the findings to their own learning contexts.

3.9.3.3 Dependability (Constancy)

Constancy, often known as dependability, refers to the research process's long-term stability
and consistency (Lincoln & Guba, 1985). It ensures that research procedures are logical,
traceable, and clearly documented. To ensure dependability, the research process was carefully
planned and systematically followed, with clear documentation of the research design,
sampling procedures, data collection methods, and data analysis steps. The use of a structured
questionnaire and a clearly defined analytical framework ensured consistency in data collection
and interpretation. Additionally, detailed records of methodological decisions and analytical
procedures were maintained, creating an audit trail for verification by other researchers

(Nowell et al., 2017).

3.9.3.4 Confirmability

The degree to which participant responses influence research conclusions rather than the
researcher's bias, motive, or personal interests is known as confirmability (Lincoln & Guba,
1985). In this study, confirmability was enhanced by grounding interpretations strictly in
participants’ data and using verbatim excerpts to support emerging themes. Reflexive practices
were applied, with the researcher maintaining awareness of personal assumptions and
experiences that could influence interpretation. Peer review and audit trails further
strengthened confirmability, ensuring that analytical decisions were transparent and logically
derived from the data (Creswell & Poth, 2018). These measures ensured that the findings
accurately reflected participants’ experiences and perspectives instead of the researcher's

personal opinions.

52



3.10 ETHICAL CONSIDERATIONS

Prior to their involvement, participants were properly informed about the nature, purpose, and
scope of the study. In line with the principle of informed consent, they were provided with
clear information regarding the research objectives, procedures, and their rights as participants
(Israel & Hay, 2006). Participation was completely voluntary, and participants were informed
that they could withdraw at any stage without penalty or negative consequences. It was also
made clear that the study posed no foreseeable physical, psychological, or professional risk.
Written or digital informed consent was acquired from every participant before data collection
(see Appendix C). Participants were assured that their responses would be utilised exclusively

for educational purposes and that no compensation would be provided.

Anonymity and confidentiality were central ethical principles guiding the study. Anonymity
was ensured by not collecting any identifying information, such as participants’ names or
school names, and by guaranteeing that there was no way to connect individual responses to
specific participants. Confidentiality was maintained by restricting access to the collected data
to the researcher and supervisor, and by securely storing all electronic data in password-
protected folders. The data are retained for five years post-study, after which all electronic and

written records will be permanently destroyed to protect participants’ privacy (Wiles, 2013).

3.11 RESEARCHER’S ROLE IN THE INQUIRY

The researcher played a central role in the design, execution, interpretation, and presentation
of findings in this mixed-methods study. As an actively serving Physical Sciences teacher in a
public secondary school in Mpumalanga Province, the researcher had practical knowledge of
classroom realities, curriculum demands, resource constraints, and the everyday challenges of
integrating ICT into science teaching. This insider status provided significant advantages,
including contextual sensitivity, access to participants, and a sophisticated comprehension of
the professional language and experiences shared by the teachers (Lemon & Hayes, 2020;
Lincoln & Guba, 1985). However, the insider position also posed potential risks of bias and
assumption-making. To address this, reflexivity was deliberately incorporated. The researcher
engaged in continuous self-examination of personal beliefs, values, and assumptions, and
carefully documented analytic decisions through memoing during data analysis (Braun &

Clarke, 2006).
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During data collection, a non-directive role was maintained to ensure participants were not
influenced or pressured. The use of questionnaires allowed participants to respond
independently and anonymously, reducing the likelihood of researcher influence (Israel & Hay,
2006). During analysis, coding, and theme development, the work was guided by established
analytical frameworks, and interpretations were cross-checked through peer review and audit
trails to enhance dependability and confirmability (Nowell et al.,, 2017). Divergent or
contradictory responses were carefully considered to avoid privileging dominant narratives.
Overall, the researcher’s role was both interpretive and ethical. By acknowledging
positionality, engaging in reflexive practice, and applying systematic analytical procedures, the
study ensured that findings were grounded in participants’ experiences rather than the

researcher’s preconceptions.

3.12 CHAPTER SUMMARY

The research design and methodology used in the study were presented in this chapter,
demonstrating how the inquiry was structured to achieve its objectives and produce credible
findings. The study was situated within a pragmatic research paradigm, supporting the use of
both quantitative and qualitative approaches, and justified the selection of a concurrent nested
mixed methods design (Creswell, 2003; Creswell & Plano Clark, 2018). This approach enabled
the study to capture statistical trends through closed-ended questionnaire items while also
gathering rich contextual insights from open-ended responses. The case study research design
facilitated an in-depth investigation within a real-life educational setting, focusing on ICT-

based instructional practices among Physical Sciences teachers in Mpumalanga Province.

The research setting, population, and sampling procedures were detailed to demonstrate
systematic selection using probability sampling, including systematic and List-Based
Sampling. Data-collection procedures were explained, including the questionnaire structure,
Likert-scale items, and open-ended questions, to ensure accurate and independent responses.
Data analysis procedures were outlined, including descriptive and inferential statistical analysis
using SPSS for quantitative data and thematic analysis using Braun and Clarke’s six-phase
framework (2006) for qualitative responses. Reliability and validity measures were detailed,
including Cronbach’s alpha, expert review, and pilot testing. Trustworthiness in qualitative
analysis was ensured through credibility, transferability, dependability, and confirmability
strategies (Lincoln & Guba, 1985). Ethical considerations were rigorously followed.
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Participants provided informed consent (see Appendix C), and anonymity and confidentiality
were maintained. The researcher’s insider position contributed to contextual understanding

while reflexive practices minimised bias.

In summary, this chapter laid a solid methodological framework for the investigation, ensuring
that data collection and analysis were transparent, ethical, and appropriate for addressing the
research questions. The next chapter presents and interprets the study's results using these

procedures.
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CHAPTER 4
PRESENTATION OF RESULTS
4.1. INTRODUCTION

This chapter presents quantitative and qualitative findings of this study in a structured yet
integrated manner. While the results are organised according to the research questions for
clarity, the findings should be viewed as interrelated components of a single activity system
influencing ICT integration in science classrooms. The presentation, therefore, highlights both
distinct patterns and the relationships among tool use, degree of integration, institutional rules,
and participant roles in the classroom context. Before diving into the presentation of results, a
recap of the study’s main research question and sub-question is provided. The main research
question was: How do teachers perceive the integration of ICT-based instructional technologies

into science subject activities? The sub-questions were as follows:

1. What types of ICT-based instructional technologies are used by teachers to mediate
activities in teaching science, and how can these inform future policy and training
programmes?

2. To what extent are ICT-based instructional technologies integrated into science
teaching practices?

3. What contextual, institutional, and policy-related factors influence the integration of
ICT-based instructional technologies in science classrooms?

4. How do teachers and learners interact with ICT tools within the science teaching

activity system?
4.2 QUANTITATIVE RESULTS

The quantitative results are presented in this section. The teachers responded to 26 question
items (QI) on ICT tools or objects for teaching science (1 items); how they used ICT-based
instructional technologies to improve science activities (11 items); how they used ICT-based
instructional technologies to regulate actions and interactions of activities in the teaching of
science (7 items); how they used ICT-based instructional technologies on the functions and

tasks of participants in the activity (7 items).

56



4.2.1 Demographic information of the respondents

The respondents' demographic data are presented in this section, including gender, roles, and

teaching experience.

Table 4.1: Gender of participants in the study

Gender Frequency Per Cent (%) Valid Per cent | Cumulative Per
(%) cent (%)
Valid | Male 62 74.7% 74.7% 74.7%
Female |21 25.3% 25.3% 25.3%
Total 83 100% 100% 100%

The data from Table 4.1 indicate that 62 (74.7%) male teachers and 21 (25.3%) female teachers

participated in the study. This suggests that more male educators participated in the study.

Table 4.2: Current roles of participants in the study

Position Frequency | Per Cent | Valid Per | Cumulative
(%) cent (%) Per  cent
(o)

Valid | Teacher 64 77.1% 77.1% 77.1%
Head of Department 17 20.5% 20.5% 20.5%
Principal 2 2.4% 2.4% 2.4%

Total 83 100% 100% 100%

Among the participants, the majority hold science teaching positions: 64 (77.1%) are teachers,

17 (20.5%) serve as Department heads, and a smaller fraction, 2 (2.4%), serve as Principals

(Table 4.2).
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Table 4.3: Teaching experience of participants in the study

Years of teaching experience Frequency Valid Per | Cumulative
cent (%) Per  cent
(%)
Valid | Below 5 years 23 27.7% 27.7% 27.7%
5-10 years 22 26.5% 26.5% 26.5%
10 years and above 38 45.8% 45.8% 45.8%
Total 83 100% 100% 100%

Regarding experience, 38 (45.8%) reported being in their roles for over 10 years, indicating a
significant level of seasoned expertise within the group. Meanwhile, 23 (27.7%) reported
having fewer than 5 years of experience, and 22 (26.5%) reported falling within the mid-range
of 5 to 10 years (Table 4.3).

4.2.2 ICT tools or objects for teaching science

This section presents data on various ICT-based instructional technologies teachers use to
enhance science activities. Figure 4.1 shows the objects or tools used by teachers to mediate

activity in the teaching of science.

40 37 37

30
25
20
: = L.
0 0 0
(5) — - = —
x Q S & A & X O &)
& S d S ® Q 5 5 S
o g} ] é§> Qép ggb
B &

Figure 4.1: The objects or tools used by teachers to mediate activity in the teaching of

science
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The results revealed that computers and smartboards were the most frequently used tools, with
37 (44.58%) teachers using each in their instruction. Other resources, such as online discussion
and cell phones, were used by fewer teachers: 9 (10.84%) and 6 (7.23%), respectively. This
distribution highlights teachers' preference for digital and interactive tools, with computers and
smartboards serving as primary resources for teaching science. In contrast, other tools were
used only sparingly or not at all. It could mean that teachers need to adopt different ICT-based
instructional technologies in the teaching of science to maximise the potential of technology

(Figure 4.1).

Table 4.4: T-test on objects or tools used by teachers to mediate activity in the teaching

of science

Instructional N Mean Staqdqrd Standard Error t-value p-_value (2-
Technology (M) Deviation (SD) (SE) tailed)
Computer 83 0.45 0.500 0.055 8.121 <.001
Smartboard 83 0.45 0.500 0.055 8.121 <.001
Online Discussion 83 0.11 0.313 0.034 3.158 .002

Cell Phone 83 0.07 0.261 0.029 2.528 013
Projector 83 0.04 0.188 0.021 1.754 .083
Others 83 0.13 0.341 0.037 3.539 .001

Note: Values originally reported as .000 have been presented as p < .001, following APA and
standard scientific reporting conventions. The result for Projector (p = .083) is not
statistically significant at the 0.05 level, whereas the other instructional technologies show
statistically significant results.

The results from Table 4.4 revealed the average level of agreement among teachers regarding
the use of objects or tools to mediate activity in science teaching. Both computers and
smartboards emerged as the most frequently used tools, with mean scores of 0.45 for each, a
standard deviation of 0.500, and a standard error mean of 0.055. The high t-value of 8.121 for
both tools, coupled with a significance level (p-value) of 0.000, indicated a statistically
significant level of agreement on their use, reflecting a consensus on their importance in science

teaching.

The results demonstrated a clear preference for computers and smartboards, which were the

most widely used tools for mediating teaching activities in science classrooms. In contrast,
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other tools, such as online discussions, cell phones, projectors, and other resources, were less
commonly employed, though each had some acknowledged use in supporting instructional

activities.
4.2.3. The use of ICT-based instructional technologies to improve science activities

Table 4.5 presents data on the 11 QIs that required respondents to score how much they agreed
with the degree of use and perceived effectiveness of ICT-based instructional technologies in

enhancing science activities.

Table 4.5: The degree of use and perceived effectiveness of ICT-based instructional

technologies in enhancing science activities (N=83)

Items SA A N D SD
2. Using ICT-based instructional | 58 23 2 0 0
technologies allowed teachers to | (69.9%) | (27.7%) | (2.4%) (0%) (0%)

teach science anywhere and

anytime.
3. Using ICT-based instructional | 49 32 2 0 0
technologies for teaching science | (59.0%) | (38.6%) | (2.4%) (0%) (0%)

provides teachers with access to
teaching materials/resources
anytime, anywhere.

4. The wuse of ICT-based |37 28 11 6 1
instructional  technologies  for | (44.6%) | (33.7%) | (13.3%) | (7.2%) | (1.2%)

teaching science allows a teacher to
teach in ways not formerly possible.
5. The use of ICT-based |42 37 4 0 0

instructional technologies permits | (50.6%) | (44.6%) | (4.8%) (0%) (0%)

the teacher to surf through e-books,
e-libraries and journals.

6. ICT-based instructional | 41 36 4 2 0
technologies tools used in teaching | (49.4%) | (43.4%) | (4.8%) (2.4%) | (0%)
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science mediate the activity in the

teaching of science.

7. ICT-based instructional
technologies  improve  science

teaching activities.

46
(55.4%)

32
(38.6%)

3
(3.6%)

2
(2.4%)

(0%)

8 The use of ICT-based
instructional technologies supports
the teacher in designing science
activities that are responsive to their

learners' needs.

38
(45.8%)

36
(43.4%)

7
(8.4%)

2
(2.4%)

(0%)

9. The wuse of ICT-based
instructional ~ technologies  in
science teaching supports the
teacher in employing teaching
strategies that are suitable for

learners' needs.

30
(36.1%)

42
(50.6%)

11
(13.3%)

(0%)

(0%)

10. The wuse of ICT-based
instructional ~ technologies  in
science teaching supports the
teacher to use evaluation strategies

that suit learners’ needs.

29
(34.9%)

44
(53.0%)

8
(9.6%)

2
(2.4%)

(0%)

11. The wuse of ICT-based
instructional ~ technologies  in
science teaching supports the
teacher in formulating teaching
objectives that are responsive to

learners' needs.

22
(26.5%)

49
(59.0%)

9
(10.8%)

3
(3.6%)

(0%)

12.  The wuse of ICT-based
instructional ~ technologies  in
science teaching enhances the

delivery of science activities.

56
(67.5%)

24
(28.9%)

1
(1.2%)

2
(2.4%)

(0%)
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QI 2 asked respondents whether the use of ICT-based instructional technologies allows
teachers to teach science anywhere, anytime. In response, 58 (69.9%) respondents strongly
agreed, and 23 (27.7%) agreed with the question. Apparently, 81 (97.6%) respondents strongly
agreed and agreed that the use of ICT-based instructional technologies allows teachers to teach

science anywhere and anytime.

QI 3 asked respondents whether the use of ICT-based instructional technologies for teaching
science provided teachers with anytime, anywhere access to teaching materials/resources. To
this end, 49 (59.0%) respondents strongly agree, while 32 (38.6%) agreed. Overall, 81 (97.6%)
respondents strongly agreed and agreed that the use of ICT-based instructional technologies
for teaching science provides teachers with access to teaching materials/resources anytime,

anywhere.

QI 4 asked respondents to rate the extent to which the use of ICT-based instructional
technologies for teaching science enabled the teacher to teach in ways not previously possible.
In response to this question, 37 (44.6%) respondents strongly agreed, and 28 (33.7%) agreed.
Thus, 65 (72.3%) respondents strongly agreed that the use of ICT-based instructional

technologies for teaching science enabled teachers to teach in ways not previously possible.

QI 5 asked respondents whether the use of ICT-based instructional technologies enabled
teachers to browse e-books, e-libraries, and journals. To this end, 42 (50.6%) respondents
strongly agreed, and 37 (44.6%) agreed with the question. Overall, 80 (96.4%) respondents
strongly agreed and agreed that the use of ICT-based instructional technologies enabled

teachers to access e-books, e-libraries, and journals.

QI 6 asked respondents to rate how ICT-based instructional technology tools used in teaching
science mediate the teaching activity. In this regard, 41 (49.4%) respondents strongly agreed,
and 36 (43.4%) agreed with the question. Hence, 77 (92.8%) respondents strongly agreed and
agreed that ICT-based instructional technology tools used in teaching science mediate the

teaching of science.

QI 7 asked respondents whether the use of ICT-based instructional technologies improved
science teaching activities. In response to this question, 46 (55.4%) respondents strongly
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agreed, and 32 (38.6%) agreed. Overall, 78 (94%) respondents strongly agreed that the use of

ICT-based instructional technologies improves science teaching activities.

QI 8 asked respondents whether the use of ICT-based instructional technologies supports
teachers in designing science activities that are responsive to learners' needs. To this end, 38
(45.8%) respondents strongly agreed, and 36 (43.4%) agreed with the question. Thus, 74
(89.2%) respondents strongly agreed or agreed that the use of ICT-based instructional
technologies supported teachers in designing science activities responsive to their learners'

needs.

QI 9 asked respondents to rate the extent to which the use of ICT-based instructional
technologies in science teaching supports the teacher in employing teaching strategies suitable
for students' needs. In response to this question, 30 (36.1%) respondents strongly agreed, and
42 (50.6%) agreed. Hence, 72 (87.3) respondents strongly agreed and agreed that the use of
ICT-based instructional technologies in science teaching supports teachers in employing

teaching strategies suitable for learners' needs.

QI 10 asked respondents whether the use of ICT-based instructional technologies in science
teaching supports teachers in using evaluation strategies that suit student needs. To this end,
29 (34.9%) respondents strongly agreed, and 44 (53.0%) agreed with the question. Overall, 73
(87.9%) respondents strongly agreed that the use of ICT-based instructional technologies in

science teaching supported teachers in using evaluation strategies that suit learners’ needs.

QI 11 asked respondents to rate whether the use of ICT-based instructional technologies in
science teaching supports teachers in formulating teaching objectives that were responsive to
learners' needs. Given that, 49(59.0%) respondents agreed, with 22(26.5%) strongly agreeing
with the question. Thus, 72 (85.5%) respondents strongly agreed and agreed that the use of
ICT-based instructional technologies in science teaching supports teachers in formulating

teaching objectives that are responsive to learners' needs.

QI 12 asked respondents to rate the extent to which the use of ICT-based instructional

technologies in science teaching enhances the delivery of science activities. To this, 56(67.5%)

respondents strongly agreed, with 24(28.9%) agreeing to the question. To this end, 80 (96.4%)
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strongly agreed or agreed that the use of ICT-based instructional technologies in science

teaching enhances the delivery of science activities.

Table 4.6: T-test with respect to the degree of use and perceived effectiveness of ICT-
based instructional technologies in enhancing science activities.

SIN N Mean S_tar_ldard Standard t-value p-va_lue (2-
(M)  Deviation (SD) Error (SE) tailed)
1 83 4.67 0.521 0.057 81.820 <.001
2 83 4.54 0.631 0.069 65.627 <.001
3 83 4.13 0.985 0.108 38.226 <.001
4 83 4.46 0.591 0.065 68.765 <.001
5 83 4.40 0.697 0.077 57.449 <.001
6 83 4.47 0.687 0.075 59.296 <.001
7 83 4.33 0.734 0.081 53.662 <.001
8 83 4.23 0.669 0.073 57.628 <.001
9 83 4.20 0.712 0.078 53.836 <.001
10 83 4.08 0.719 0.079 51.741 <.001
11 83 4.61 0.641 0.070 65.613 <.001

Note: The original significance values reported as .000 have been expressed as p < .001,
which is the accepted APA and scientific reporting convention. If these statistics correspond
to questionnaire items, you can replace the S/N column with the actual item statements or
variable names for a more informative presentation.

Notes: T=t-test value, p<.05 (2-tailed test)

Scale for items: 5=strongly agree, 4=agree, 3=neutral, 2=disagree, 1=strongly disagree

The t-test analysis in Table 4.6 provides insights into the degree of use and perceived
effectiveness of ICT-based instructional technologies in enhancing science activities. The
overall mean scores for each item range from 4.08 to 4.67 on a five-point scale, indicating
strong agreement among teachers about the positive impact of these technologies on their

teaching practices.

Across all items, the significance level remained at 0.000, indicating strong statistical
significance for each measure. These results collectively suggest that teachers recognised and
affirmed the substantial impact of ICT-based instructional technologies in improving the

effectiveness, accessibility, and adaptability of science activities in their classrooms.
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4.2.4 ICT-based instructional technologies regulate actions and interactions of activities

in the teaching of science.

This section presents data on the rules and guidelines that shape the actions and interactions in
science teaching activities involving ICT-based instructional technologies. The results of the

seven Qls are presented in Tables 4.7 and 4.8, respectively.

Table 4.7: Rules that regulate actions and interactions of activities in the teaching of

science (N=83)

Items

Strongly

agree

Agree

Neutral

Disagree

Strongly

disagree

13. The wuse of ICT-based

instructional  technologies in

science teaching supports the

teacher in designing science
activities that could be delivered

through various technologies.

31

(37.3%)

47

(56.6%)

(6.0%)

(0%)

0

(0%)

14. The wuse of ICT-based

instructional ~ technologies in
science teaching allows the teacher
to provide adequate instructions to
the learner in science activities,
study techniques, and some form
of reference for a learner who
the

needs help dealing with

science activities.

22

(26.5%)

46

(55.4%)

15

(18.1%)

(0%)

(0%)

15. The wuse of ICT-based

instructional  technologies in
science teaching allows the teacher
to evaluate what is learned,

whether

through electronically

44

(53.0%)

11

(13.3%)

24

(28.9%)

(2.4%)

2

(2.4%)
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submitted assignments and/or

portfolios.

16. The wuse of ICT-based |50 30 1 0 2
instructional  technologi i
mstructional - teCinologles 11 60206 | (36.1%) | (12%) | (0%) | (2.4%)
science teaching allows the teacher
to plan science activities that will
help develop higher-order

cognitive skills in the students.

17. The integration of ICT-based | 34 36 9 2 2
instructional technologies fost

HISHUCHonat Tecinoiogles 1OSKIS 1 41.0%) | 43.4%) | (10.8%) | (2.4%) | (2.4%)
teacher-student interaction in

teaching science.

18.  ICT-based instructional | 45 26 10 2 0
technologies in teachi i

echnologies in teaching science (54.2%) (313%) | (12.0%) | (2.4%) (0%)
give teachers opportunities to
answer learner questions and

clarify issues at any time.

19. Effective teacher-content | 29 43 11 0 0
interacti through ICT-based
fieraction — froug B 34.9%) | (51.8%) | (13.3%) | (0%) | (0%)
instructional technologies enables
teachers to teach basic skills to the
learner (i.e., thinking skills,

problem-solving skills).

QI 13 asked respondents whether the use of ICT-based instructional technologies in science
teaching supports teachers in designing science activities that can be delivered through various
technologies. Regarding the question, 31 (37.3%) respondents strongly agreed, and 47 (56.6%)
agreed. Overall, 78 (93.9%) respondents strongly agreed that the use of ICT-based instructional
technologies in science teaching supports teachers in designing science activities that can be

delivered through various technologies (Table 4.9).
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QI 14 asked respondents whether the use of ICT-based instructional technologies in science
teaching allows the teacher to provide adequate instruction to students on science activities and
study techniques, and to serve as a reference for students who need help with the science
activity. Given that, 22(26.5%) respondents strongly agreed with 46(55.4%) agreeing to the
question. To this end, 68 (81.9%) respondents strongly agreed and agreed that the use of ICT-
based instructional technologies in science teaching allows the teacher to provide adequate
instruction to learners on science activities and study techniques, and to serve as a reference

for learners who need help with the science activity.

QI 15 asked respondents whether the use of ICT-based instructional technologies in science
teaching enables teachers to evaluate what learners learn, through electronically submitted
assignments and/or portfolios. To this end, 44 (53.0%) respondents strongly agreed, and 11
(13.3%) agreed with the question. Hence, 55 (66.3%) strongly agreed and decided that the use
of ICT-based instructional technologies in science teaching allowed the teacher to evaluate

what learners learn, whether through electronically submitted assignments and/or portfolios.

QI 16 asked respondents to rate the extent to which the use of ICT-based instructional
technologies in science teaching enabled teachers to plan science activities that help develop
learners' higher-order cognitive skills. Given that, 50(60.2%) respondents strongly agreed with
30(36.1%) agreeing to the question. Overall, 80 (96.3%) strongly agreed and agreed that the
use of ICT-based instructional technologies in science teaching enabled teachers to plan

science activities that help develop students' higher-order cognitive skills.

QI 17 asked respondents whether the integration of ICT-based instructional technologies
fosters teacher-learner interaction in teaching science. To this end, 34 (41.0%) respondents
strongly agreed, and 36 (43.4%) agreed with the question. About 70 (84.4%) respondents
strongly agreed or agreed that the integration of ICT-based instructional technologies fosters

teacher-student interaction in teaching science.

QI 18 asked respondents to rate the extent to which the use of ICT-based instructional
technologies in teaching science gave teachers opportunities to answer student questions and
clarify issues at any time. Given that, 45(54.2%) respondents strongly agreed, with 26(31.3%)
agreeing with the statement. To this end, 71 (85.5%) respondents strongly agreed and agreed
that the use of ICT-based instructional technologies in teaching science enables teachers to

answer students' questions and clarify issues at any time.
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QI 19 asked respondents whether effective teacher-content interaction through ICT-based
instructional technologies enabled teachers to teach basic skills to students (i.e., thinking skills,
problem-solving skills). To this end, 29(34.9%) respondents strongly agreed, with 43(51.8%)
agreeing to that statement. Thus, 72 (86.7%) respondents strongly agreed and agreed that
effective teacher-content interaction through ICT-based instructional technologies enables

teachers to teach basic skills to students.

Table 4.8: T-test on the rules that regulate actions and interactions of activities in the

teaching of science.

Standard Standard

SIN N Mean (M) Deviation Error t-value ?{;i\:z:jl;e (2-
(SD) (SE)
1 83 4.31 0.583 0.064 67.421 <.001
2 83 4.08 0.666 0.073 55.842 <.001
3 83 4.12 1.064 0.117 35.288 <.001
4 83 4.54 0.650 0.071 63.702 <.001
5 83 4.18 0.899 0.099 42.362 <.001
6 83 4.37 0.792 0.087 50.315 <.001
7 83 4.22 0.663 0.073 57.903 <.001

Notes: T=t-test value, p<.05 (2-tailed test)

Scale for items: 5=strongly agree, 4=agree, 3=neutral, 2=disagree, 1=strongly disagree

The t-test results in Table 4.7 assessed the level of agreement among teachers regarding the
rules governing actions and interactions in science teaching when using ICT-based
instructional technologies. The results displayed consistently high mean scores, ranging from
4.08 to 4.54 on a five-point scale, indicating strong agreement among teachers on the positive
impact of ICT-based rules in structuring science activities and enhancing classroom

interactions.

The results indicate a consistent pattern of statistically significant agreement among teachers,
confirming that they value ICT-based rules as instrumental in organising and optimising the
instructional environment in science teaching. This consensus supports the integration of ICT

guidelines in educational settings, as teachers recognised the positive effects of these structured
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approaches on learner interactions, instruction delivery, and the overall classroom dynamic in

science teaching.

4.2.5 ICT-based instructional technologies on the functions and tasks of participants in

the activity

The data presented in Table 4.9 relate to the seven QIs regarding participants’ responses to

their levels of various functions and tasks in the science activity.

Table 4.9: Functions and tasks of participants in the science activity (N=83)

Items.

Strongly

agree

Agree

Neutral

Strongly

disagree

Disagree

20. The use of ICT-
based instructional
technologies in
science  teaching
changes the
teacher's role from
being the focal
point in the
learners' learning
process to a
facilitator, a
scaffolder, or a

mentor.

24

(28.9%)

45

(54.2%)

12

(14.5%)

0

(0%)

2

(2.4%)

21. ICT-based
instructional

technologies in
science  teaching
foster the teachers'

ability to increase

26

(31.3%)

45

(54.2%)

10

(12.0%)

(0%)

2

(2.4%)
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student active
participation in
their learning
process (e.g.,
through problem-
based  teaching,
individual or group

presentation).

22. The use of ICT-
based instructional
technologies in
science  teaching
enables the teacher
to teach learners
the requisite skills
to discover and
explore new
knowledge on their

own.

24

(28.9%)

55 4

(66.3%) (4.8%)

(0%)

(0%)

23. The use of ICT-
based instructional
technologies  for
science  teaching
permits teachers to
provide the
learners with
necessary supports
to connect/link one
science

task/activity to

28

(33.7%)

43 12

(51.8%) (14.5%)

(0%)

(0%)
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another according

to their own needs.

24. The use of ICT-
based instructional
technologies

enhances science
teaching in

schools.

29

(34.9%)

50

60.2%)

2

(2.4%)

(0%)

2

(2.4%)

25. The use of ICT-
based instructional
technologies

allows teachers to
present the
students with
multiple entry and
exit  points  to
learning in science

teaching.

46

(55.4%)

31

37.3%)

6

(7.2%)

(0%)

(0%)

26. The use of ICT-
based instructional
technologies in
science  teaching
allows teachers to
provide  students
with limitless ways
of creating their

own knowledge.

28

(33.7%)

44

(53.0%)

8

(9.6%)

1

(1.2%)

2

(2.4%)
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QI 20 asked respondents whether the use of ICT-based instructional technologies in science
teaching alters the teacher's role from being the focal point in the learners' learning process to
a facilitator, scaffolder, or mentor. Given that, 45(54.2%) respondents agreed, with 24(28.9%)
strongly agreeing with the statement. Overall, 69 (83%) respondents strongly agreed and
agreed that the use of ICT-based instructional technologies in science teaching shifts the
teacher's role from the focal point in the students' learning process to a facilitator, scaffolder,

or mentor.

QI 21 asked respondents to rate the extent to which the use of ICT-based instructional
technologies in science teaching fosters teachers' ability to increase students' active
participation in their learning process. Given that, 45(54.2%) respondents agreed, with
26(31.3%) strongly agreeing to the question. To this end, 71(85.5%) respondents strongly
agreed and agreed that the use of ICT-based instructional technologies in science teaching

fosters teachers' capacity to increase students’ active involvement in their learning process.

QI 22 asked respondents whether the use of ICT-based instructional technologies in science
teaching enabled the teacher to teach learners the requisite skills to discover and explore new
knowledge on their own. In this regard, 55(66.3%) respondents agreed, with 24(28.9%)
strongly agreeing to the statement. Overall, 79 (95.2%) respondents strongly agreed and agreed
that the use of ICT-based instructional technologies in science teaching enables teachers to
impart to students the necessary abilities to independently find and investigate new

information.

QI 23 asked respondents whether the use of ICT-based instructional technologies for science
teaching enabled teachers to provide learners with the necessary supports to connect/link one
science task/activity to another according to their own needs. To this end, 43(51.8%)
respondents agreed, with 28(33.7%) strongly agreeing to the question. In total, 71 (85.5%)
respondents strongly agreed and agreed that the use of ICT-based instructional technologies
for science teaching enables teachers to provide learners with the necessary supports to connect

one science task/activity to another according to their own needs.

QI 24 asked respondents to rate the extent to which the use of ICT-based instructional
technologies enhanced science teaching in schools. Given that, 50 (60.2%) respondents agreed,

with 29(34.9%) strongly agreeing with the question. To this end, 79 (95.1%) respondents
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strongly agreed and decided that the use of ICT-based instructional technologies enhances

science teaching in schools.

QI 25 asked respondents whether the use of ICT-based instructional technologies allowed
teachers to present learners with multiple entry and exit points for learning in science. To this
end, 46(55.4%) respondents strongly agreed, with 31(37.3%) agreeing with the statement.
Overall, 77 (92.7%) respondents strongly agreed or agreed that the use of ICT-based
instructional technologies allows teachers to present learners with multiple entry and exit points

for learning in science.

QI 26 asked respondents to rate the extent to which the use of ICT-based instructional
technologies in science teaching allowed teachers to provide learners with limitless ways to
create their own knowledge. Given that, 44 (53.0%) respondents agreed, with 28 (33.7%)
strongly agreeing. To this end, 72 (86.7%) respondents strongly agreed and agreed that the use
of ICT-based instructional technologies in science teaching allows teachers to provide learners

with limitless ways to create their own knowledge (Table 4.8).

Table 4.10: T-test with respect to the functions and tasks of participants in the science

activity.
Mean ndar ndar -val
SN N (h/?)a ?)tjviggoi (SD) Eﬁoﬁs%) t-value ?Z-tzilIJ:d)
1 83 407 0808 0.089 45903 <.001
2 83 412 0802 0.088 46784 < .001
3 83 424 0532 0.058 72669 < .001
4 83 419 0671 0.074 56.930  <.001
5 83 425 0730 0.080 53085  <.001
6 83 448 0632 0.069 64638  <.001
7 83 414 0828 0.091 45583 <.001

Notes: T=t-test value, p<.05 (2-tailed test)

Scale for items: 5=strongly agree, 4=agree, 3=neutral, 2=disagree, 1=strongly disagree.

Table 4.10 presents the results of a t-test comparing various functions and tasks performed by
participants during an activity. A total of 83 individuals participated, with mean scores across

the different functions and tasks ranging from 4.07 to 4.48. The standard deviations varied
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slightly, reflecting the spread of scores around the mean, with values ranging from 0.532 to
0.828. The standard error of the mean, which indicates how accurately the sample mean
estimates the population means, was consistently low across all functions, ranging from 0.058

to 0.091.

The t-values were notably high, ranging from 45.583 to 72.669, suggesting significant
differences in scores for each function or task relative to the hypothesised mean. Each t-test
yielded a p-value of .000, indicating that the results were statistically significant at any
conventional alpha level and providing strong evidence that the participants’ evaluations of the
functions and tasks were not due to random chance. Overall, the data underscores the
effectiveness of the activity, as participants consistently rated the functions and tasks

positively, as evidenced by the high means and significant t-test results.

Although the quantitative results show quantifiable trends in ICT usage and perceptions, the
qualitative findings provide a deeper understanding of how teachers perceive and understand
these patterns. The following section, therefore, complements the statistical outcomes by

contextualising them within teachers’ lived classroom realities.

4.3. QUALITATIVE RESULTS

This section presents the qualitative findings derived from eight open-ended survey questions,
analysed to complement and contextualise the quantitative results. In line with the anonymity
protocols outlined in Chapter 1 (section 1.7.2), no participant’s name appeared in any document
used during the discussion sessions, thereby safeguarding confidentiality. Thematic analysis
revealed four major themes: Structural Barriers, Pedagogical Benefits of ICT, Teacher
Capacity and Training, and Policy and Curriculum Pressures, which situate teacher
perspectives within the broader activity system and help explain the statistical trends. To ensure
credibility and rigour, the interpretation was guided by Activity Theory, which provides a
systemic lens for analysing teachers’ perceptions of ICT integration. Activity Theory
emphasises the dynamic interaction between subjects (teachers), objects (science teaching and
learning activities), mediating artefacts (ICT tools), rules (institutional and policy frameworks),
community (peer and learner collaboration), and division of labour (roles of teachers and

learners).
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The findings are therefore presented in alignment with both the Activity Theory components

and the themes identified in Phase 5 of the analysis. For example, Structural Barriers and Policy

Pressures correspond to the rules and division of labour shaping ICT use; Teacher Capacity

and Training reflect the subject—tool interaction; Pedagogical Benefits of ICT align with the

object/outcome of improved science learning; and Social Influence is embedded within

pedagogical benefits, corresponding to the community dimension of Activity Theory. The

headings and subheadings in this chapter therefore make both the themes and Activity Theory

elements visible, ensuring that the data presentation is theoretically grounded while remaining

faithful to the voices of participating teachers (see Table 4.11).

Table 4.11: Alignment of Phase 5 Themes with Activity theory Components in the context of

Qualitative results.

Activity Theory Relevant Headings from
Phase 5 Theme Component Examples from Data the Qualitative Results
- - 4.3.1 Theme 1: Structural
Theme 1: Rules & Division of Labour Limited access to ICT Barriers
e - labs, unreliable
Structural (institutional policies, electricity. poor
Barriers infrastructural constraints) Y, P ... -4.3.1.1 Experience at
broadband connectivity
present school
Theme 2: Subject—Tool Interaction - - 4.3.2 Theme 2: Teacher
Teacher (teachers as subjects, ICT as Ease/ dlff!culty of ICT Capacity and Training
: S . use, confidence levels,
Capacity and  mediating tools, training training needs
Training shaping use) 9 - 4.3.2.1 Subject taught
- 4.3.3 Theme 3:
Pedagogical Benefits of
ICT
- 4.3.3.1 Mode of teaching
in facilitation of science
learning
i . - 4.3.3.2 Experience of
Theme 3: Object / Ol_Jt_come . Enhanced teaching, using ICT-based
. (goal of activity system: learner-centred roles, . - .
Pedagogical instructional technologies

improved science learning,  cooperative learning,

Benefits of ICT ) .
learner-centred engagement) virtual experiments
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instructional technologies
to improve learning of
science activities

- 4.3.3.4 Using ICT-based
instructional technologies
to regulate actions and
interactions of activities



Activity Theory Relevant Headings from
Phase 5 Theme Component Examples from Data the Qualitative Results
- 4.3.3.5 ICT tools that
mediate science learning
- 4.3.3.6 Learners’ roles in
science activities
Theme 4: Rules & Division of Labour Curriculum completion
Policy and (curriculum demands, pressures, institutional - 4.3.4 Theme 4: Policy and
Curriculum institutional rules, policy rules, national ICT Curriculum Pressures
Pressures expectations) policy expectations

- Incorporated within
4.3.3.3 (Community:
cooperative learning

Community (peer Peer collaboration, opportunities)

Theme 5: Social collaboration, learner
Influence encouragement, collective

X cooperative learning science activities
practices)

teaching, learner
encouragement)

learner encouragement, - 4.3.3.6 Learners’ roles in

(Community: peer-to-peer

Note: Theme 4: Social Influence is embedded within Theme 3

4.3.1 Theme 1: Structural Barriers (Rules and Division of Labour)

Despite the benefits, teachers identified significant structural barriers. Limited access to ICT
laboratories, unreliable electricity, and poor broadband connectivity constrained effective
integration. Many schools lacked sufficient devices, forcing teachers to rely on basic
applications. These infrastructural challenges were particularly acute in rural Mpumalanga

schools, limiting the sustainability of ICT use.

4.3.1.1 Experience at present school

Regarding teaching experience, the data (see Table 4.12) revealed that a significant number of
participants (38) had 10 years of teaching experience, whereas few (22) had 5 years, and 20
had 8 years. The least number (3) had less than 5 years of teaching experience in their present
schools. This implies that the participants in this study comprised a significant level of seasoned
expertise within the group. However, acknowledge any limitations, such as self-report bias or
sample representativeness, that could affect the generalizability of these findings, to address

potential reader concerns about validity.
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Table 4.12: Teaching Experience of Participants

Teaching Experience Frequency
10 years 38

8 years 20

5 years 22

Less than 5 years 3

4.3.2 Theme 2: Teacher Capacity and Training (Subject-Tool Interaction)

Findings revealed varying levels of teacher competence in ICT use. While some teachers were
comfortable with basic applications, many lacked confidences in integrating advanced
instructional technologies. Teachers emphasised the need for ongoing professional
development and training to build digital literacy and pedagogical skills. Without adequate

training, ICT adoption remained superficial and restricted to administrative tasks.
4.3.2.1 Subject taught

The data as presented in Table 4.13 indicates the majority of the participants (53) to be teaching
physical science and natural science subjects, as compared to the least number of participants
who were in the subject groups of physical science and mathematics (15), physical science and
life sciences (8), physical science and technology (3), Physical science and life orientation (1),
and Physical science and Math literacy (3). This implies that the participants comprised experts
and professionals within the field under study. The data is illustrated in Table 4.12.

Table 4.13: Subjects Taught by Participants

Subject Combination Frequency
Physical science & Natural science 53
Physical science & Mathematics 15
Physical science & Life science 8

Physical science & Technology 3

Physical science & Life orientation 1

Physical science & Math literacy 3
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4.3.3 Theme 3: Pedagogical Benefits of ICT (Object / Outcome)

Teachers consistently highlighted the pedagogical value of ICT tools in science classrooms.
They reported that ICT enhanced learner engagement, supported diverse teaching strategies,
and facilitated higher-order thinking. Examples included using smartboards to visualise
abstract concepts and computers to provide timely feedback. These benefits reinforced ICT’s

role in promoting learner-centred approaches and improving science instruction.
4.3.3.1 Mode of teaching in facilitation of science learning

With regard to the extent to which ICT is used in science teaching to support science learning,
the results in Table 4.14 revealed that a majority of teachers (60) used ICT-based methods to
support their students’ science learning. Thus, a considerable amount of ICT integration
occurred in the science classrooms of the participants in this study. On the other hand, 23
participants also used more traditional methods of teaching and learning science in their
classrooms, i.e., the chalkboard and textbooks. "The finding that 60 teachers use ICT-based
methods to facilitate science learning aims to inspire educators and policymakers by

emphasising the widespread adoption and perceived value of ICT in science instruction.

Table 4.14: Modes of Teaching Used

Mode of Teaching Frequency
ICT-based methods 60
Chalkboard & textbooks 23

4.3.3.2 Experience of using ICT-based instructional technologies

The participants were further probed about their experience with ICT-based instructional
technologies for teaching science before their employment at the current schools. As illustrated
in Table 4.15, the majority of teachers (55) reported having excellent experience with ICT in
teaching science before their employment at the current school. This suggests that the
participants in this study were experts in the use of ICT-based instructional technologies for

learning science.
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Table 4.15 Participants’ prior experience in using ICT-based instructional technologies

Question Responses Frequency

What is your experience of using | ‘Excellent/excellent experience of | 53

ICT-based instructional | utilising ICT’

technologies for teaching science | ‘I have Limited experience.’ 4
before you became a teacher in | ‘Have no experience.’ 25
this school? ‘Poor experience’ 1

4.3.3.3Using ICT-based instructional technologies to improve learning of science
activities

In response to the question of how ICT-based instructional technologies improve the teaching
of science activities, about 46 of 83 participants mentioned that ICT-based instructional
technologies ‘enhanced teaching and learning.’, whereas, 6 of the participants explained that
ICT-Based instructional technologies ‘provides easy access to surf information,” and four
explaining that they ‘allow teachers to cover more topics in a short space of time.” The reasons
could be that ‘learners can learn anytime’, and ‘at their own pace’. It was also noted from the
participants that these technologies are ‘effective’ as it ‘allows cooperative learning,
development of technology skills’ as learners in this regard can multitask ‘seamlessly’. In other
words, the technologies ‘enhance knowledge retention’ as they help ‘students to understand the
content in a more practical way. These findings underscore the pedagogical value of ICT in
enriching science instruction and promoting learner-centred approaches (Table 4.16).

Table 4.16: How

ICT-based

instructional

technologies improve Response Frequency
the teaching of

science activities

Question

Enhanced teaching and learning 46
Exposed learners to knowledge

Helps develop learners' thinking skills
Provides easy access to surf information

A WO DN PP
D N
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Table 4.16: How

ICT-based
instructional
technologies improve Response Frequency
the teaching of
science activities
Question
5 Learners can learn anytime 3
6 Learners can learn at their own pace 2
7 Allows tegchers to cover more topics in a short 4
space of time
8 Enhances knowledge retention 1
9 Effective 1
10  Allows cooperative learning 1
11 Allows development of technology skills 1
12 Multitasking is possible and seamless 1
13 Helpg students understand content in a more 1
practical way
14 Prompt feedback 5
15  Improvement is big 1
16  Allows teachers to have more time with learners 1
17 Allows prompt support where required 1
18 Allows teachers_ to select activities that 1
accommodate diverse learners
19  More clarity from experts 1
20  Flexible; adjustments can be made quickly 1
21  Using simulation 1
22 Never used it 1
Using ICT-based ‘It practically enhances teaching and learning.’ 46
instructional Provides easy access to surf information online. >. 7
tEChnplogle.s for ‘Allows cooperative learning.’ 10
teaching science, how
does it improve the ‘It allows teachers to provide prompt support to 19
teaching of science students where required.’
activities? ‘Never used it.’ 1

4.3.3.4 Using ITC-based instructional technologies to regulate actions and interactions of

activities

Regarding how participants regulate actions and interactions in science activities when using

ICT-based technologies, the data in Table 4.17 revealed that about 48 participants explained
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how they easily restrict their actions and interactions through these technologies by selecting

activities that accommodate the diverse learners’ needs. This implies that the use of ICT-based

instructional technologies helps teachers to regulate actions and interactions during science

activities. Despite 14 participants who reported not regulating actions and interactions with

ICT-based technologies, other participants reported allowing learners to use past questions,

doing experiments, interacting with learning content, and using strict instructions to avoid

divergence. This means that teachers employ a variety of ICT-supported instructional strategies

to manage classroom activities, promote meaningful learner engagement, and ensure that

interactions remain aligned with the intended science learning outcomes

Table 4.17: ICT-based instructional technologies regulate actions and interactions of

science activities

Question Responses Frequency
1. By allowing them to use Past 3
Question 3
14
2. Didn’t regulate )
3. Doing experiment
4. Allowing them to interact with
learning contents 2
5. easily done Through
technology 48
6. Used strict instructions to avoid 5
divergence
When using ICT-based | “‘Actions and interactions are | 48
instructional technologies to teach | easily regulated through the
science, how do you regulate | technology by selecting activities
actions and interactions during | that accommodate the diverse
instruction? learners’ needs.’
‘Didn’t regulate.’ 14
‘Allowing them to interact with 2
learning contents.’
‘Doing experiment’ 14
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‘Used strict instructions to avoid | 2
divergence.’

‘By allowing them to use Past 3
Question.’

4.3.3.5 ICT tools that mediate science learning

A range of ICT-based technologies were found to be used by teachers to teach Science
concepts. From the data in Table 4.18, about 32 out of 83 teachers mentioned tools such as
smartboards used in their lessons. This was followed by 30 teachers who confirmed using
computers in their teaching and learning, while other teachers reported using past exam papers,
online platforms, and cellphones. To support the use of smartboards as a technology tool for
teaching, a teacher noted that, "Smartboard allows for the illustration of complex science
concepts to make abstract concepts more concrete for learners.” This means that teachers
perceive smartboards as an effective pedagogical tool for simplifying abstract scientific
concepts through visual and interactive representations.

Table 4.18: ICT Tools Used in Science Teaching

ICT Tool Frequency
Smartboard 32
Computer 30
Cellphone/Tablet 6

Online platforms 7

Past exam papers 8

4.3.3.6 Learners’ roles in science activities

When asked about the roles learners play in ICT-based instructional activities, the data in Table
4.19 revealed that when other learners were not sure of their roles, almost 68 participants,
having reported that learners took on active roles in learning and even creating knowledge and
understanding concepts in different ways than traditional resources. Participants further
explained that learners will download question papers, interact with teachers, and engage in
demonstrations and illustrations of various science concepts. This suggests that the use of ICT-
based instructional technologies transforms the teaching of science from teacher-centred to

learner-centred. This notion was elaborated by participants, “Learners are no longer passive.
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With ICT, they take ownership of their learning, exploring concepts and even teaching each
other.” This idea suggests that using ICT in Science lessons would increase learners’

concentration and to learn more faster than before.

Table 4.19: Learners’ Roles in ICT-Based Science Activities

Learner Role Frequency
Active engagement & knowledge creation 68
Downloading question papers

Interaction with the teacher during ICT lessons
Demonstration & illustration

Increased concentration & quick learning
Explaining abstract concepts

Not sure

AP P W oww

4.3.4 Theme 4: Policy and Curriculum Pressures (Rules & Division of Labour)

Teachers noted that institutional rules, curriculum demands, and policy expectations shaped
their ICT practices. National ICT policies encouraged integration, but classroom realities often
lagged. Pressure to complete curriculum requirements sometimes discouraged experimentation
with ICT-based methods. Teachers also reported that policy support was not always matched
with adequate resources, creating tension between expectations and practice. Another key
factor affecting the extent to which teachers integrated ICTs into their classroom activities was
the institutional (school-based) contexts, that is, physical settings, available resources, and
policies within which teachers work. Most of the participating schools in the study had installed
smartboards and computers in classrooms, which the teachers utilized for the completion of a
host of ICT-based science activities and lessons. Some teachers also had access to their
personal cellphones and laptops, as well as their students' devices, to complete science ICT

activities and lessons in schools and at home.

Theme 5: Social Influence (Community): Social Influence emerged, particularly in relation
to peer collaboration and learner encouragement. Although Social Influence is not presented
as a standalone theme, it is embedded within Pedagogical Benefits because teachers described
cooperative learning and peer expectations as integral to the pedagogical value of ICT. For

instance, as shown in Table 4.16, one teacher emphasised that ICT “allows cooperative
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learning”, while others highlighted that it “provides prompt support to students where
required.” Similarly, Table 4.19 illustrates how learners themselves became active agents, with
teachers noting that “learners are no longer passive... they take ownership of their learning,
exploring concepts and even teaching each other.” These statements demonstrate that peer
collaboration and learner encouragement were central to how teachers perceived the

pedagogical benefits of ICT, thereby embedding Social Influence within this theme.

44. CHAPTER SUMMARY

This chapter presented the findings from both the quantitative and qualitative data on the
evaluation of ICT-based instructional technologies to facilitate science learning. The
quantitative results began with participants’ demographic information, followed by descriptive
and inferential analyses of their use of ICT tools. The qualitative findings were then introduced
to complement and contextualise these results, with data presented in tables and figures that
illustrated teacher and learner perspectives.

The thematic analysis revealed five major themes: Structural Barriers, Teacher Capacity and
Training, Pedagogical Benefits of ICT, Policy and Curriculum Pressures, and Social Influence.
Interpreted through the lens of Activity Theory, these themes highlighted the systemic
dynamics shaping ICT integration. Structural barriers and policy pressures reflected the rules
and division of labour that constrained practice; teacher capacity and training illustrated the
subject—tool interaction; pedagogical benefits aligned with the object/outcome of improved
science learning; and social influence corresponded to the community dimension, emphasising

peer collaboration and learner encouragement.

Overall, the results revealed gaps in the diversity of ICT-based instructional technologies
employed in science classrooms. Addressing these gaps by supporting teachers to use a broader
set of tools, alongside strengthening access, training, and institutional support, would make
ICT integration more transformative. The findings underscore that the more teachers employ
diverse technologies to facilitate science activities, the more learner-centred and collaborative

the process becomes.
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CHAPTER 5

THE STUDY’S DISCUSSIONS, LIMITATIONS, AND RECOMMENDATIONS

5.1. INTRODUCTION

The chapter details the findings and themes from the previous chapters. It also discusses the
study’s potential limitations that may have affected its findings and proposes areas for further
research in the field. The chapter concludes with numerous recommendations for further
research. The purpose of the study, as explained in Chapter 1, Section 1.3.2 of this examination,
was to evaluate ICT-based instructional technologies to facilitate science learning. The primary

research question, as well as the secondary research questions, were:

How do teachers perceive the integration of ICT-based instructional technologies in the

activities of the science subject?

The study’s sub-questions were as follows:

1. What types of ICT-based instructional technologies are used by teachers to mediate
activities in teaching science, and how can these inform future policy and training
programmes?

2. To what extent are ICT-based instructional technologies integrated into science
teaching practices?

3. What contextual, institutional, and policy-related factors influence the integration of
ICT-based instructional technologies in science classrooms?

4. How do teachers and learners interact with ICT tools within the science teaching

activity system?

This part is divided into three sections. The researcher firstly summarises the key findings of
the research regarding the evaluation of ICT-based instructional technologies to facilitate
science learning. Secondly, the recommendations are presented for evaluating ICT-based
instructional technologies to enable science learning for science educators, policymakers, and

for additional research in this field? Lastly, the part concludes with an end to the investigation.
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5.2. THE STUDY’S SUMMARY

This segment of the study presents a detailed summary of all five chapters:

Chapter 1 provided a detailed discussion of the study's background, in which the researcher
explained the context of the study. Research questions and their sub-questions were developed
in this chapter since every study must address a research question. The study clearly explains
the reasons for its uniqueness compared to previous studies. This chapter provided an overview
of the theoretical frameworks, the research strategy and methodology, and a preliminary survey
of the literature. The chapter mentioned that Chapter 2 includes the literature review and the
study's underlying theory. Under the research methodology, the processes of data collection
and analysis, population selection and sampling. In Chapter 3, steps to guarantee
trustworthiness were compiled for discussion. Because one of this study’s requirements was to
collect data from individuals employed by professional institutions, ethical considerations were
crucial in this chapter. As a result, the study took into account the importance of obtaining
university approval and participant consent. No study is without limitations, so this chapter

discusses the study's limitations and how the researcher addressed them.

Chapter 2 presented the literature review and the study's theoretical framework in detail. A
global review of the literature on integrating ICT-based instructional technologies into science
activities was conducted, with a focus on South Africa. Furthermore, a detailed review was
performed with a clear focus on teachers’ acceptance of ICT-based instructional technologies,
the factors influencing that acceptance, and the benefits of such technologies in Science
Education. This chapter also presents barriers to integrating ICT-based instructional
technologies and the institutional roles of ICT in Science Education. Moreover, the Unified
Theory of Acceptance and Use of Technology (UTAUT) framework, formulated by Venkatesh

et al. (2003), is outlined, and the rationale for the choice is justified.

Chapter 3 dealt with the data-collection process, including site selection and the tools utilised.
An online survey, consisting of closed- and open-ended questions, was identified and discussed
as a data-collection instrument. The collected data were analysed using both quantitative and

qualitative approaches, as discussed in detail in this chapter.
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Chapter 4 discussed the study's findings and their interpretation. The goal of the interpretation
was to provide the participants with a condensed voice without sacrificing their authenticity.
Tables and charts were used to illustrate and qualify the participants’ experiences of the

phenomenon.

5.3. DISCUSSION OF FINDINGS

The purpose of this study was to investigate teachers' perceptions of integrating ICT-based
teaching technologies into science activities. This section discusses the findings on the
integration of ICT-based instructional technologies in science classrooms in Mpumalanga
Province. By situating the findings within the Activity Theory, the analysis highlights how

mediating tools, institutional rules, and participant roles collectively shape classroom practice.

5.3.1. SQ1: What types of ICT-based instructional technologies are used by teachers to
mediate activities in teaching science, and how can these inform future policy and training

programmes?

The findings revealed a preference among teachers for digital and interactive tools, with
computers and smartboards (44.58%; p <.001) serving as the primary resources for teaching
science. The qualitative findings support this pattern, as most teachers identified computers
and smartboards as their primary instructional tools. This suggests that while ICT integration
exists, it 1s mainly limited to a narrow range of technologies. This finding is consistent with
studies showing that teachers in relatively better-resourced schools often have access to basic
ICT infrastructure (Mhlanga & Moloi, 2020). Thus, supporting the integration of science and
technology into teaching is significant to education (Ogegbo, 2024). Therefore, regardless of
their location, age, gender, or socioeconomic status, all educators have a duty to employ ICT

in teaching and learning in the networked, knowledge-based society (Mukhari, 2016).

The finding confirms Engestrom’s (1996) notion that computers and smartboards act as the
main mediating artefacts within the activity system. In this study, computers and smartboards
are tools teachers use to mediate science instruction. The dominance of computers and
smartboards suggests that ICT integration in the sampled schools is largely hardware-centred
rather than pedagogically diversified. While these tools provide foundational digital support,

the limited use of collaborative platforms, simulation software, and mobile-based tools
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indicates a relatively narrow interpretation of ICT integration. This aligns with findings from
Pelser and Swanepoel (2022), who observed that many South African schools equate ICT use
with the presence of devices rather than with instructional transformation. From an Activity
Theory perspective, the tools component appears constrained, limiting the potential for the

activity system to expand toward more innovative science learning practices.

5.3.2. SQ2: To what extent are ICT-based instructional technologies integrated into

science teaching practices?

Engestrom (1996) illustrates how ICT tools transform the nature of science activities by
expanding what teachers and learners can achieve within the learning system. Based on this
theoretical lens, this study found that ICT-based instructional technologies improve science
activities. The results have confirmed these: ICT allows science teaching to take place anytime
and anywhere and provides access to teaching materials regardless of location (97.6%);
enhances the delivery of science activities (96.4%); and, overall, improves science teaching
(94.0%). The t-test analysis confirmed these findings, with high mean scores across all items

and statistically significant results (p <.001).

Qualitative data corroborate these results, with teachers reporting that ICT enhances practical
learning, supports cooperative learning, enables prompt feedback, and provides easy access to
online resources. These results are consistent with the literature, which recognises ICT as a
potent instrument for enhancing teaching and learning processes by fostering active
engagement and flexible education (Prenjasi & Ahmetaga, 2015). Research also confirms that
ICT is particularly effective in Science Education because it supports visualisation, simulation,
and inquiry-based learning (Agyemang-Adarkwah et al., 2024; Bishaw et al., 2022). This
suggests that technology is central to effective science instruction in contemporary classrooms

(Ogegbo, 2024).

The overwhelmingly positive percentages suggest robust teacher endorsement of ICT-based
instructional technologies. However, it is crucial to analyse these findings beyond superficial
consensus. A high level of statistical significance does not always indicate a significant change
in teaching methods. The findings indicate that teachers acknowledge the significance of ICT
in improving science activities. However, the extent to which this translates into sustained,

innovative classroom practices may be contingent upon contextual and institutional factors.
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According to Tondeur et al. (2017), positive perceptions alone are not enough for long-term
integration. There must also be coherent policy implementation, ongoing professional

development, and stable infrastructure.

5.3.3. SQ3: What contextual, institutional, and policy-related factors influence the

integration of ICT-based instructional technologies in science classrooms?

According to Engestrom (1996), ICT shapes the “rules” of the activity system by structuring
how tasks are performed, how learners interact, and how instruction is delivered. In this study,
it was found that ICT-based instructional technologies enable flexible design (93.9%), the
delivery of science activities and interactions across multiple platforms (81.9%), and the
provision of clear instructions for science activities, study techniques, and reference materials

for further support (96.3%). All items recorded statistically significant results (p <.001).

This discovery aligns with studies showing that technology-based learning tools support lesson
organisation, interaction, and learner engagement, particularly in Science Education (Fakherji,
2019; Polly et al., 2021; Zandri & Harisman, 2025). The results suggest that Science Education
is uniquely positioned to benefit from integrating ICT-based instructional technologies, given
its emphasis on experimentation, abstract concepts, and process skills. Qualitative findings
reinforce these results, with most teachers indicating that ICT makes it easier to regulate
classroom interactions by accommodating diverse learner needs. However, a minority reported
difficulties in regulating activities, suggesting that effective ICT use depends on teacher

competence and classroom management skills.

Several studies on the use of technology-based learning tools have supported the view that
successful ICT integration requires more than technical proficiency; it requires meaningful
pedagogical application (Alt, 2018; Fakherji, 2019; Polly et al., 2021; Zandri & Harisman,
2025). From an Activity Theory perspective, these findings highlight the regulatory function
of “rules” within the activity system. Institutional expectations, curriculum demands, and
workshop structures appear to shape how ICT is operationalised in science classrooms. Where
such rules are supportive and aligned with pedagogical goals, ICT integration becomes
facilitative; however, where they are ambiguous or weakly implemented, integration may

remain procedural rather than transformative. This indicates that ICT adoption is not solely
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dependent on teacher willingness but is embedded within broader systemic and policy-driven

structures.

5.3.4. SQ4: How do teachers and learners interact with ICT tools within the science

teaching activity system?

Various studies (Serevina et al., 2018; Savec, 2020) have confirmed that ICT-rich classrooms
allow learners to actively participate in their own education and promote self-regulation,
metacognition, and ownership of the learning process. Furthermore, platforms such as Google
Classroom, Moodle, and Microsoft Teams provide spaces where learners can access resources,
submit assignments, engage in discussions, and receive real-time feedback (Serevina et al.,

2018; Savec, 2020).

In this study, the qualitative findings revealed that ICT-based instructional technology is
shifting teacher responsibilities from traditional instruction to roles as supporters, facilitators
and mentors in the learning process. From a learner engagement perspective, ICT tools provide
a more interactive and learner-centred learning environment. Unlike traditional teacher-led
instruction, [CT-based technologies enhance active learner participation, develop self-directed
learning skills, and encourage exploration of new knowledge. This aligns with Mnisi et al.
(2024), who highlight that teachers now value the use of ICT-based instructional technologies,
incorporating them into classrooms to increase learner participation and make the learning

process more engaging.

With the aid of ICT-based instructional technologies, teachers can take learners beyond
traditional limits, ensure adequate participation in teaching and learning processes, and create
vital environments for experimentation and exploration (Onwunr, 2020). The growing use of
ICT resources in classrooms enables learners to take initiative of their education by enhancing
comprehension and conceptual understanding. These findings suggest a gradual shift toward
greater digital competence among science teachers, reflecting evolving expectations in

contemporary educational environments.

Within the framework of the Activity Theory, this change reflects a reconfiguration of the
division of labour within the classroom activity system. ICT-based instructional technologies

redistribute instructional authority by encouraging collaborative knowledge construction rather
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than unilateral knowledge transmission. However, while the findings indicate movement
toward learner-centred engagement, the sustainability of this shift depends on teachers
continued professional growth and institutional support. Without systemic reinforcement,

changes in classroom roles may remain incremental rather than fully transformative.

Overall, the discussion demonstrates that ICT-based instructional technologies are well-
received and functionally integrated into science classrooms in Mpumalanga Province.
However, their effectiveness is mediated by contextual rules, institutional structures, and
evolving participant roles within the classroom activity system. The findings, therefore,
contribute to understanding ICT integration not merely as tool adoption, but as a systemic
process shaped by interconnected elements of practice. Sustainable transformation in Science
Education will require alignment between teacher readiness, infrastructural capacity, policy

coherence, and pedagogical innovation.

5.4. RECOMMENDATIONS

After carefully examining the data and comprehending its significance the researcher makes

the following recommendations:

o The participating teachers’ levels of technology competency vary; therefore, the
Department of Education should offer professional development programs that equip
Science teachers with the necessary skills and knowledge for teaching in a modern
classroom environment.

e The dominance of computers and smartboards as the primary ICT tools suggests a
constrained mediation process, potentially limiting the richness of science learning
experiences. School Governing Bodies should augment resources to improve ICT tools
in schools, including mobile devices, projectors, and online platforms.

o The study was conducted in Mpumalanga Province using a small sample, further studies
employing a larger sample across multiple provinces and comparing science teachers

in Mpumalanga with those in other provinces are recommended.
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5.5. THE STUDY’S LIMITATIONS

This study, like any other, had a few perceptible limitations:

o Firstly, this study was conducted with Physical Sciences teachers in Mpumalanga
Province of South Africa. A sample size of 83 science teachers participated in the
survey, so the research could not include all Physical Sciences teachers in South Africa.
Considering the nine provinces of South Africa, this study is not representative of the
entire country, as schools across provinces and districts may vary in their ICT policies
and how they are implemented.

e Secondly, the study focused on evaluating ICT-based instructional technologies to
facilitate science activities in Mpumalanga Province, using a small sample of 83
teachers. So, it might not accurately reflect the entire educational community, since the
education system encompasses a range of subjects.

e Thirdly, this research focused on secondary school science educators, so it might not
represent the entire country’s education system.

e A limitation of this study is the risk of theoretical overcrowding from employing three
frameworks (UTAUT, TPB, and Activity Theory) while relying on a single teacher
centred data source. Also, the community aspects of the activity theory framework were
primarily interpreted through the lens of the subject (teachers), as the data collection
instruments were teacher-centred and did not directly capture perspectives from other
stakeholders such as learners, administrators, or policymakers.

o Lastly, participants were not interviewed directly; they responded to an open-ended
questionnaire at their convenience and from different sites. Ideally, follow-up

interviews with selected teachers could have yielded deeper insights.

5.6. CONTRIBUTIONS OF THE STUDY

This study makes both empirical and conceptual contributions to the field of Science Education
and ICT integration in South Africa. Empirically, it provides context-specific evidence from
Mpumalanga Province, a region that is underrepresented in ICT-in-education research. By
focusing on Physical Sciences teachers in rural and peri-urban contexts, the study expands the
understanding of how ICT integration unfolds in structurally constrained environments.

Conceptually, the study contributes to the application of Activity Theory to the examination of
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ICT integration in science classrooms. Rather than treating technology adoption as an isolated
behaviour, the study demonstrates how mediating tools, institutional rules, and division of
labour interact within a dynamic classroom activity system. This systemic interpretation
advances discourse beyond simplistic measures of ICT access or usage frequency.
Methodologically, the mixed-methods case study design provides an integrated perspective
that combines statistical trends with contextual insights, thereby strengthening the robustness

of findings within similar educational settings.

This study also advances knowledge and practice in Science Education by providing empirical
evidence on how teachers perceive and use ICT-based instructional technologies to facilitate
science learning in Mpumalanga Province. By showing that teachers mainly rely on computers
and smartboards as mediating tools, the study highlights both progress and gaps in ICT
integration, especially the limited diversity of tools used in science classrooms. This
contribution is significant because it moves the discussion beyond general claims about
technology use. It also presents a clearer picture of which tools are actually used, how they are
applied, and the degree to which teachers trust that they improve access to materials, lesson
delivery, and learner engagement. In addition, the findings strengthen the understanding of
teacher acceptance and use of ICT in Science Education. The study also confirms that teachers
view ICT as valuable for improving science activities, enabling flexible teaching, supporting

instruction, and encouraging more active participation among learners.

The study has implications for educational theory, policy, and practice. Theoretically, it
supports the relevance of the Unified Theory of Acceptance and Use of Technology (UTAUT)
by showing that teachers’ perceived utility, usability, and institutional backing are closely
linked to the integration of ICT into science activities (Venkatesh, 2003). In terms of policy,
the findings suggest that government and education authorities should not only provide ICT
infrastructure but also ensure that technical support and professional development are
consistent across schools, as limited competence and uneven access can limit ICT use to a few
tools. For practice, the study indicates that schools and science departments should promote
the use of a broader range of ICT tools such as simulations, online discussion platforms, and
digital assessment tools, since teachers reported that ICT improves lesson delivery, promotes
interaction, and shifts teaching towards learner-centred learning. Overall, this study contributes

to improving ICT integration by informing teacher training programmes, guiding resource
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allocation, and supporting policies that strengthen technology-supported science teaching and

learning in South African schools.

5.7. CHAPTER SUMMARY

This study aimed to evaluate ICT-based instructional technologies in facilitating science
activities. This effect was investigated through data collection from participants. Mixed-
method research used closed and open-ended online surveys, and 83 Physical Sciences teachers
took part in the study. The data analysis revealed that the use of ICT-based instructional

technologies has favourable effects on science activities.

The study participants confirmed that ICT-based instructional technology brings flexibility and
new possibilities to science instruction. ICT-based instructional technology enables teachers to
interact with students anytime, anywhere, without barriers to learning. It was also found that
the use of ICT-based instructional technology is valuable for improving science activities and
enables teachers to employ teaching strategies suited to learners' needs. The findings of the
study agree with researchers who posit that integration of technology has a positive impact on
Science Education. Consequently, this conclusion is compelling for all science teachers: they
should receive more training and develop the capability to integrate ICT-based instructional

technologies into their teaching.

Furthermore, the study found that teachers regard ICT-based instructional technologies as
beneficial for creating structured, interactive, and responsive learning environments in Science
Education, thereby enhancing both instructional flexibility and learner support. It was also
found that ICT-based instructional technology is shifting teacher responsibilities from
traditional instruction to roles as facilitators, mentors, and supporters in the student learning
process. In this view, the teachers used ICT-based instructional technologies, such as
computers, smartboards, and simulations. This study concludes that the utilisation of ICT-
based instructional technologies in science teaching enhances active student participation,

develops self-directed learning skills, and promotes the exploration of new knowledge.

The implications of these findings are significant for Science Education practice, policy, and

teacher development. The results suggest that ICT-based instructional technologies are no
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longer optional tools but necessary components of effective science teaching in contemporary
classrooms. By shifting teachers’ roles from traditional transmitters of knowledge to
facilitators, mentors, and supporters of learning, ICT promotes learner-centred instruction,
active participation, and the development of self-directed learning skills. The study also
suggests that sustained professional development is necessary to ensure that all science teachers
acquire the competence and confidence to meaningfully integrate ICT, rather than relying on a
limited range of tools. At the policy level, the findings highlight the necessity of sustained
investment not only in ICT infrastructure but also in training, technical support, and equitable
access across schools. Overall, this study reinforces the view that effective integration of ICT-
based instructional technologies can transform science teaching and learning, improve learner
engagement and understanding, and better prepare students to engage in a society that is heavily

reliant on technology.

95



REFERENCES

Ahmed, 1., & Ishtiaq, S. (2021). Reliability and validity: Importance in medical research. Journal of
the Pakistan Medical Association, 71(10), 2401-2406. https://doi.org/10.47391/JPMA.06-861

Ahmed, S. K. (2024). The pillars of trustworthiness in qualitative research. Journal of Medicine,
Surgery, and Public Health, 2, Article 100051. https://doi.org/10.1016/j.glmedi.2024.100051

Ahuja, S. (2016). Information and communication technology in education. Atlantic Publishers &
Distributors.

Ajayi, D. T. W., Gata, A. D., & Soliu, S. A. (2018). Slide projector utilisation and the teaching of basic
science in Plateau North Education Zone. Nigerian Journal of Humanities, 3(1), 123—135.

Aderibigbe, A., & Dube, B. (2022). Teachers’ readiness for e-learning in South Africa. Education and
Information Technologies, 27(3), 419-437. https://doi.org/10.1007/s10639-021-10628-5

Adewale, T. A. (2024). Using spreadsheets for teaching data analysis in science classrooms: A case
for Excel and Google Sheets. Journal of Science Education and Technology, 33(2), 145-158.

Agyei, D. D. (2022). Transferring and sustaining technological innovations after professional
development: Insights from school leaders and teachers in Sub-Saharan Africa. Journal of
Applied Learning & Teaching, 5(2), 101-118.

Agyemang-Adarkwah, F., Boateng, R., & Mensah, L. K. (2024). ICT integration in African classrooms:
Opportunities, challenges, and policy implications. Education and Information Technologies,
29(2), 1235-1254.

Agyemang-Adarkwah, K., Daniel, M., & Kwarteng, J. (2024). Digital transformation in African
classrooms: ICT integration for inclusive and equitable quality education. British Journal of
Educational Technology, 55(3), 653—670.

Agyemang-Adarkwah, K., Wilson, C., & Boateng, F. (2024). Digital literacy and ICT integration in
Sub-Saharan African schools: A systematic review. Computers & Education, 205, Article
104869.

Ajzen, I. (1991). The theory of planned behaviour. Organizational Behaviour and Human Decision
Processes, 50(2), 179-211. https://doi.org/10.1016/0749-5978(91)90020-T

Akram, H., Khan, A., Igbal, M., & Ahmed, S. (2023). Adaptive learning technologies for science
education: Current trends and future directions. Computers & Education, 194, Article 104685.

Alliance for Affordable Internet. (2022). Affordability report 2022. World Wide Web Foundation.
https://a4ai.org/affordability-report

Alt, D. (2018). Science teachers' conceptions of teaching and learning, ICT efficacy, ICT professional
development and ICT practices enacted in their classrooms. Teaching and Teacher Education,
73, 141-150.

96


https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.47391/JPMA.06-861___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjYxYTI6Yjc4OWQwZmQzZWY5OTU1ODkzY2U5NzQ1ZDgyYjg2Mjc3YmUxY2UzZjI4MTlmNjE0OGZjNjM0Zjg4NTJmNWY3NDpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1016/j.glmedi.2024.100051___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjE2YjI6NmUxYjY2M2I2MjFjZWNiNzgxYTllMzAxY2U4NjcyMzNhZTk1OWMzZWU1Njk3ZWM2NmIwNThlZjY5M2M4OTY1ODpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1007/s10639-021-10628-5___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjAwZDQ6OTg0ZTU4OGEzNjVjOTg5ZDEzMzQ5MTVhNTQwZTdkODc2NDgwYTY0NzUyNTY4MGJjMDc5MzFhZGY4NDZlMTQzZTpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1016/0749-5978(91)90020-T___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjU3MDg6NGM5NGE0YzkyNWU4ODUxMDNjMWRkMzViMWI1ZWM0NTdmMTYyZTBlYWVjNDQ4ZjEwMmQ1ZTc1YjNjY2RiYzhkNzpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/a4ai.org/affordability-report___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmZhMzk6MDViYzllNTYxNDNjNGY0ZTFjOWNiYzMxOTQ1MTgxYWIzMWJmNGUxMTNlN2VhNmUzZWMwNTQwNGY2NTU4MDNmMzpwOlQ6Tg

Antoninis, M., Montoya, S., & Benavot, A. (2023). Technology in education: A tool on whose terms?
UNESCO Global Education Monitoring Report.

Artal, R., & Rubenfeld, S. (2017). Ethical issues in research. Best Practice & Research Clinical
Obstetrics & Gynaecology, 43, 107-114.

Avidov-Ungar, O., & Forkosh-Baruch, A. (2021). Professional identity of school principals in the
digital era: The Israeli case. Educational Management Administration & Leadership, 49(2),
254-273.

Bandekar, N., Rao, K. G. M., & Ashwini, A. P. (2025). The impact of online educational modules on
learning musculoskeletal anatomy for health professionals: A systematic review. Clinical
Anatomy. Advance online publication. https://doi.org/10.1016/j.clinanat.2025.02.003

Barakabitze, A. A., & Lazaro, A. W.-A. (2019). Transforming African education systems in science,
technology, engineering, and mathematics (STEM) using ICTs: Challenges and opportunities.
Education Research International, 2019, Article 6946809.

Baran, E., Canbazoglu Bilici, S., & Uygun, E. (2023). Teachers’ collaborative practices for technology
integration: A design-based research study. British Journal of Educational Technology, 54(3),
710-729.

Bashir, A., & Lapshun, A. (2025). Personalised e-learning models in diverse classrooms. Journal of
Education Technology, 41(2), 99-115.

Bazeley, P. (2018). Integrating analyses in mixed methods research. Sage.

Bell, J. (1999). Doing your research project: A guide for first-time researchers in education and social
science (3rd ed.). Open University Press.

Bempah, E. K. (2024). Modelling technology acceptance among teachers in Sub-Saharan Africa.
Computers & Education Open, 6, Article 100152.

Bempah, E. K. (2025). Modelling technology acceptance among teachers in Sub-Saharan Africa.
Computers & Education Open, 7, Article 100180. https://doi.org/10.1016/j.cae0.2024.100180

Bernard, H. R. (2000). Social research methods: Qualitative and quantitative approaches. Sage.

Bhattacherjee, A. (2012). Social science research: Principles, methods, and practices (2nd ed.).
University of South Florida Scholar Common:s.

Bishaw, A., Tadesse, T., Campbell, C., & Gillies, R. M. (2022). Exploring the unexpected transition
to online learning due to the COVID-19 pandemic in an Ethiopian public university context.
Education Sciences, 12(6), Article 399. https://doi.org/10.3390/educscil2060399

Boateng, F., & Adu-Gyamfi, S. (2022). ICT and science learning outcomes in Ghanaian basic schools.
African Journal of Educational Technology, 12(1), 45-60.

97


https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1016/j.clinanat.2025.02.003___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmYyMjE6NjFiNmMxOGM0ZjE2ZTNiZGVkZjA5OWU2NjY4MjJiZGZlZjE4YmJjZDYyNjYwYjNhMGRhZTViNTY2YzJmZGVmZjpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1016/j.caeo.2024.100180___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmZjZTQ6YzJjYTFjOTQ2Y2Y2YTdkYWRlNTE4NWVmZjEwOTk4Njc0NWQyYzhmZmNmOTU5NjYwOTUyNjM3YzdjZWU5ZTMwZjpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.3390/educsci12060399___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjgwYWY6ZDk1NjU5ODIyN2M0NTllNWJmZGVjZDQxY2Y4NjM5ODFmODAyMmM5OTkwZGJjOTk3NzZhNTk2NjgzYTEzNWU4NjpwOlQ6Tg

Botha, A., Herselman, M., Rametse, S., & Maremi, C. (2017). ICT integration in South African rural
schools: A framework for success. The Electronic Journal of Information Systems in
Developing Countries, 82(1), 1-14.

Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research in
Psychology, 3(2), 77-101. https://doi.org/10.1191/1478088706gp0630a

Brush, S. G., & Spencer, D. P. (2025). Physical sciences: An introduction to the inorganic world.
Cambridge University Press.

Cambridge Assessment International Education. (2022). Curricula and qualifications overview.
https://www.cambridgeinternational.org/why-choose-us/our-programmes-and-qualifications/

Carter, N., Bryant-Lukosius, D., DiCenso, A., Blythe, J., & Neville, A. J. (2014). The use of
triangulation in qualitative research. Oncology Nursing Forum, 41(5), 545-547.

Castillo, M. (2009). Population, sample size, and sampling. https://explorable.com/population-
sampling

Chisango, G., & Marongwe, N. (2021). The digital divide at three disadvantaged secondary schools in
Gauteng, South Africa. Journal of Education (University of KwaZulu-Natal), (82), 149-165.

Chigona, A., & Chigona, W. (2018). Using interactive whiteboards for teaching and learning:
Reflections from South African teachers. South African Journal of Education, 38(3), 1-10.
https://doi.org/10.15700/saje.v38n3al530

Chigona, A., Madiba, M., & Kurasha, P. (2021). Teachers’ perceptions of ICT policy implementation
in South African schools. South African Journal of Education, 41(1), 1-10.

Chukwuemeka, E. J., Onuoha, J. C., & Ugwu, S. O. (2019). Application of ICT in the teaching of
science in secondary schools. International Journal of Science Education, 41(5), 627-641.

Creswell, J. W. (2003). Research design: Qualitative, quantitative, and mixed methods approaches
(2nd ed.). Sage.

Creswell, J. W. (2012). Educational research: Planning, conducting, and evaluating quantitative and
qualitative research (4th ed.). Pearson.

Creswell, J. W., & Creswell, J. D. (2018). Research design: Qualitative, quantitative, and mixed
methods approaches (5th ed.). Sage.

Creswell, J. W., & Plano Clark, V. L. (2018). Designing and conducting mixed methods research (3rd
ed.). Thousand Oaks, CA: Sage.

Creswell, J. W., & Poth, C. N. (2018). Qualitative inquiry and research design: Choosing among five
approaches (4th ed.). Sage.

Dahri, N. A., AlI-Rahmi, W., Almogren, A. S., Yahaya, N., Vighio, M. S., Al-Maatuok, Q., Al-Rahmi,
A., & Al-Adwan, A. (2023). Acceptance of Mobile Learning Technology by Teachers:

98


https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1191/1478088706qp063oa___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjdlNjA6YmJkNzY1ZTFjZjY3ODg1MTM2ZDA0ZDAzNjE0NWRjYjcyZWNhZmNjN2UzZmM1YjJiNzE5ZTQ5Y2ExZTNmZTEwNDpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/www.cambridgeinternational.org/why-choose-us/our-programmes-and-qualifications/___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjNhMmU6N2IxYzA5YWFjOTNlN2MzMjc4ZTY4ZThiYzI2OGUxN2MyY2RhZDkxNjM4YzUzMDdjYjM0MjJlYWI0MzA4NmIyOTpwOlQ6Tg
https://explorable.com/population-sampling
https://explorable.com/population-sampling
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.15700/saje.v38n3a1530___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjhmZTE6ZDk5ZjYwZGExYzhiZjNjMmE5M2YxZWVkYjZhODZjNjc4MTM2NWQ4NWY3MDQ0YWY1ZTk1ZDQyYjE4ZjY5Mzk0YzpwOlQ6Tg

Influencing Mobile Self-Efficacy and 21st-Century Skills-Based Training. Sustainability.
https://doi.org/10.3390/sul5118514

de Wet, T., & Rothmann, S. (2023). Capabilities of secondary school teachers in sub-Saharan Africa:
A systematic literature review. South African Journal of Human Resource Management, 21,
a2120. https://doi.org/10.4102/sajhrm.v21i0.2120

Department of Basic Education. (2011). Curriculum and assessment policy statement (CAPS):
Overview documents. Government Printers.

Department of Basic Education. (2022a). Annual performance plan 2022/23. Government of South
Africa. https://www.education.gov.za/Portals/0/Documents/Reports/ APP%202022-23.pdf

Department of Basic Education. (2022b). ICT in education audit report. Government Printers.

Department of Communications. (2013). South Africa Connect: National broadband policy.
Government of South Africa.

Department of Communications and Digital Technologies. (2020). National digital and future skills
strategy. Government of South Africa. https://www.dcdt.gov.za

Department of Education. (2003). White paper on e-Education. Government Printers.

Department of Education. (2004). White paper on e-Education: Transforming learning and teaching
through ICTs. Government Printers.

Diyal, H., & Pandey, A. (2022). The use of ICT in education: A global perspective. International
Journal of Educational Technology, 9(3), 58—67.

Dlamini, R. (2022). Digital equity in schools: A multilevel analysis of in-service teachers'
technological knowledge competencies. Journal of Educational Development, 21(2).
https://doi.org/10.10520/ejc-jeds_v21 _n2 a4

Ekici, E., & Pekmezci, S. (2015). The role of ICT-based virtual learning communities in science
teaching. Turkish Online Journal of Educational Technology, 14(4), 35-45.

Elfil, M., & Negida, A. (2017). Sampling methods in clinical research: An educational review.
Emergency (Tehran), 5(1), e52.

Engestrom, Y. (1987). Learning by expanding: An activity-theoretical approach to developmental
research. Orienta-Konsultit.

Engestrom, Y. (2001). Expansive learning at work: Toward an activity theoretical reconceptualization.
Journal of Education and Work, 14(1), 133—156. https://doi.org/10.1080/13639080020028747

Etikan, 1., & Bala, K. (2017). Sampling and sampling methods. Biometrics & Biostatistics
International Journal, 5(6), Article 00149.

99


https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.4102/sajhrm.v21i0.2120___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmU2ZTM6NzllOGYxNWQwYzA4YmQzOGQxY2QzZjUzYTM0OTU3OTAwMzI0MWMwZjcxNmM2YzRlNDgxZmQwMTBlNzE1YzJlMDpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/www.education.gov.za/Portals/0/Documents/Reports/APP%202022-23.pdf___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmIzMzQ6MjdhOTcyY2QwNDYwNmUxYzk0ZjYxNjc1NGQ1NWY3MmVhZGYxZTA4MTAyZTE5YWQwMmU2YmRkNjM5NGQwMGZkMTpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/www.dcdt.gov.za/___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjE1MDM6YzAwYzM4M2U0ZWJiOTNhOGJlNjE2ODhlZjgyMzkzZmMyODRkYmMxYjMyZDAxYjFlYjA0ZjMzMzg5OWYzMGRhYTpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.10520/ejc-jeds_v21_n2_a4___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjhiZDE6N2VmNzlmZjliYzM3Njk0MTAzYWY3ZGQ1NjQ5MDFmMzgxMzU2ZjczYWE0NWY0YzVlMTRiM2FiNTU0MmY1Y2U3NzpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1080/13639080020028747___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3Ojg1ZGY6MTE1MTQ2MGM3MzFkMmI0YTlkOGQxMGVhNGNkOGU1NzdkY2M5NGFkYzRjMDdiMjFmZWQ3ZTlmMGJlM2Q5YjFmOTpwOlQ6Tg

Evans, R. (2019). The role of science activities in developing learners’ problem-solving skills.
Education Journal, 8(2), 23-31.

Fakherji, W. Z. (2019). Teachers' use of technology in science supports student knowledge. Journal
of Research in Curriculum, Instruction and Educational Technology, 5(1), 135—-158.

Fetters, M. D., & Molina-Azorin, J. F. (2020). Virtual special issue on “Integration in mixed methods
research”. Journal of  Mixed Methods Research, 14(3), 274-280.
https://doi.org/10.1177/1558689820956401

Garone, A., Pynoo, B., Tondeur, J., Cocquyt, C., Vanslambrouck, S., Bruggeman, B., & Struyven, K.
(2019). Clustering university teaching staft through UTAUT: Implications for the acceptance
of a new learning management system. Br. J. Educ. Technol.,, 50, 2466-2483.
https://doi.org/10.1111/bjet.12867

Gegenfurtner, A., & Kollar, 1. (2024). Design of digital learning environments. Routledge.
Ghanad, A. (2023). An overview of quantitative research methods. International Journal of

Multidisciplinary Research and Analysis, 6(8), 3794-3803. https://doi.org/10.47191/ijmra/v6-
18-52

Ghavifekr, S., & Rosdy, W. A. W. (2015). Teaching and learning with technology: Effectiveness of
ICT integration in schools. International Journal of Research in Education and Science, 1(2),
175-191. https://files.eric.ed.gov/fulltext/EJ1105224.pdf

Ghazali, N. H. C. M., Ismail, Z., & Mutalib, A. A. (2024). Factors influencing teachers’ readiness for
ICT integration in education: A structural equation modelling approach. Sustainability, 16(13),
Article 5323. https://doi.org/10.3390/sul6135323

Gibson, S., Broadley, T., Downie, J., & Wallet, P. (2018). The role of ICT in education policy
development. UNESCO Working Paper.

Gillwald, A., Moyo, M., & Stork, C. (2018). The state of ICT in South Africa. Research ICT Africa.
https://researchictafrica.net

Goodyear, P. (2015). Teaching as design. HERDSA Review of Higher Education, 2, 27-50.

Graue, E. (2015). Qualitative data analysis. In D. M. Mertens & J. A. McLaughlin (Eds.), Research
and evaluation in education and psychology (pp. 75-91). Sage.

Gudmundsdottir, G. B., & Hatlevik, O. E. (2020). Digital competence and experience with ICT among
student teachers. FEuropean Journal of Teacher Education, 43(4), 549-565.
https://doi.org/10.1080/02619768.2019.1670208

Gunawan, J. (2015). Ensuring trustworthiness in qualitative research. Belitung Nursing Journal, 1(1),
10-11. https://doi.org/10.33546/bnj.4

100


https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1177/1558689820956401___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjFmNmY6YzdkNjljZDk1MTY0ZDRjOTA3YTk3YTQxYzI3NjMwODMwNzAwYWJkNmM4ZTZlOGUwYzJlM2NiODlmZGY4YTdiMDpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.47191/ijmra/v6-i8-52___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmY4NDc6OGQ2ZjlkNjQwMzE2OTMwNzQ3NDQwMzk0YmZlNGM2YWNkMmRiMWVhMjMxNDQzMmNiYTIzM2IwMGMzMGViNjA2ZTpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.47191/ijmra/v6-i8-52___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmY4NDc6OGQ2ZjlkNjQwMzE2OTMwNzQ3NDQwMzk0YmZlNGM2YWNkMmRiMWVhMjMxNDQzMmNiYTIzM2IwMGMzMGViNjA2ZTpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/files.eric.ed.gov/fulltext/EJ1105224.pdf___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmY5YzE6YzczMDNmMzQ0MmMwNzdiNWU1MjIxNDI4MDg5YWVmNzlkNzRkM2U2ZDc3NzY4YmJkN2I4NjRhNzAxMzYxNGYyZjpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.3390/su16135323___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmVlNzI6YjhiMTA5MWVlMWFjODA1N2Q0ZTc0YWQyOTNmZDk5ZmM0ZmY4MjJiY2I0NTAwNGEzYzlkZWQwMmRkMzdiYjM5NjpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/researchictafrica.net/___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmU5MGY6MjRjOTYyZTRlNTk4YTNjMzk4ZjRhNmViNjc1OWE3ZjU4OGEzNzI3ZGFmZTdiY2NmYjRhM2E5OGQ2MTkwODI5MzpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1080/02619768.2019.1670208___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjY1NTA6N2ViN2ExYTJiZjBmNGYyODY1NTI5N2U5MGIwYTMxZjc4N2I0MmJhODlmYTQ2NzRiMTdhZTdhZDExNDY4YjdjYjpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.33546/bnj.4___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjY3Yjc6NjFjYWI3ZmRmYWNjNjI1YzY3ZmUzOTU5ZGZjNmY2MzhlMTM2NjQ2ZTM3MTk2YTU4ZjNlMmFhNWRjNmExYjU4NjpwOlQ6Tg

Hardman, J. (2019). Towards a pedagogical model of teaching with ICTs for mathematics attainment

in early childhood education: A review of the literature. International Journal of Early Years
Education, 27(3), 285-300. https://doi.org/10.1080/09669760.2019.1605736

Hart, J. (2024). Overcoming the digital divide: ICT policy implementation in South African schools.
South African Journal of Education, 44(1), 1-14. https://doi.org/10.15700/saje.v44nlal234

Hart, S. A. (2023). Identifying the factors impacting the uptake of educational technology in South
African schools: A systematic review. South African Journal of Education, 43(3), 1-18.

Hatch, J. A. (2023). Doing qualitative research in education settings (2nd ed.). SUNY Press.
Hennessy, S., Hassler, B., & Hofmann, R. (2015). Challenges and opportunities for teacher

professional development in the interactive use of technology in African schools. Technology,
Pedagogy and Education, 24(5), 1-28. https://doi.org/10.1080/1475939X.2015.1092466

Hogarty, K. Y., Lang, T. R., & Kromrey, J. D. (2003). Another look at technology use in classrooms.
Journal of Research on Technology in Education, 36(1), 55-80.

Independent Communications Authority of South Africa. (2021). Annual report 2020/2021.
https://www.icasa.org.za

Independent Schools Association of Southern Africa. (2021). ISASA annual report 2021.
https://www.isasa.org/annual-report-2021/

International Telecommunication Union & Alliance for Affordable Internet. (2022). The affordability

of ICT services 2022. https://www.itu.int/en/ITU-
D/Statistics/Pages/publications/affordability report.aspx

Igbal, M. (2024). Enhancing science education through ICT in developing nations. International
Journal of ICT in Education, 10(1), 14-26.

Israel, M., & Hay, 1. (20006). Research ethics for social scientists. Sage.

Ivankova, N. V., Creswell, J. W., & Stick, S. L. (2006). Using mixed-methods sequential explanatory
design: From theory to practice. Field Methods, 18(1), 3-20.

Jingyi, Z., & Pamintuan, F. (2025). Teacher readiness for technology integration: Revisiting UTAUT
in the post-pandemic era. Education and Information Technologies, 30(1), 77-96.
https://doi.org/10.1007/s10639-024-12345-6

Jita, T. (2016). Pre-service teachers’ competence to teach science through information and
communication technologies in South Africa. Perspectives in Education, 34(3), 15-26.
https://doi.org/10.18820/2519593X/pie.v34i3.2

Johnson, E. L., & Gallagher, D. J. (2021). Learning redefined: Toward a new understanding of teaching
and learning. Educational Research Review, 36, 100—115.

101


https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1080/09669760.2019.1605736___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjUwMGI6ZDI0NTM0NWQyMjE2YWM1YTM1N2M1ODk0YzZmYjEwODM1MTIxN2EwNGJiNGE5MTlhMjI1MTU3MjYyZjNiMDFiODpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.15700/saje.v44n1a1234___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjM0NmE6NWIzZmUxMGM5NTc5OTZiNjM5M2JiMGJjYjA0NGFkOTczYzViMmEzODcxNzBiNTllNjY1ZGQ5MGZkNzcwMmEwNDpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1080/1475939X.2015.1092466___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjU2OTE6ZjE4Mjc1NDMwYzMxY2M2M2ZkOTg2MTJjNzFkYTYxNDExNmI1OTI5ODMwZDdmZDc3NjcwMTMwYjZkMzY2ZGQwODpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/www.icasa.org.za/___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjgyZGU6ZDI0OTE3YWI5MTY1YjViNzJhZjJhNzdkYTJjYTA4MmFkMTQwZjBlYjdhNGExMjYxNDFlM2E1MmYzZTE2ODcyOTpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/www.isasa.org/annual-report-2021/___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjllNGE6ZjRjNGZjNWExZTRlNmFmOTQ4MjRiYjU0OTE3NTg4MmNlYzY4ZTZjNDUxZTY5MGRkMzljOTZkM2FjNThhN2YxNjpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/www.itu.int/en/ITU-D/Statistics/Pages/publications/affordability_report.aspx___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjM2MzY6NjY0YjQzNDhhNjJiYjQyMTk0YzNjM2U5YTRmMTcwZjE4YWExOTUzZjI4ZTVkNGZkZTkxNGViNjcxYzRiYmZhMzpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/www.itu.int/en/ITU-D/Statistics/Pages/publications/affordability_report.aspx___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjM2MzY6NjY0YjQzNDhhNjJiYjQyMTk0YzNjM2U5YTRmMTcwZjE4YWExOTUzZjI4ZTVkNGZkZTkxNGViNjcxYzRiYmZhMzpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1007/s10639-024-12345-6___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjdhODk6NmQzZDYzYmYwODJhZDM3MTQxZWE1M2MwOWI2ZGQ4YjgxNzUwMzVhNGZhODRiNWJkOTA2NDQ3N2Y3NGVhYTAzNDpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.18820/2519593X/pie.v34i3.2___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmE0MWQ6M2E3ODJkYzgxYTI5ZGJhMjBjYWNhNmY0MjBiZWM4ZmExMDhkM2JjZmQyMmQzYjNkMWZiMTM3OWNhNmM5MDZkODpwOlQ6Tg

Jonassen, D. H. (2006). Modeling with technology: Mindtools for conceptual change (3rd ed.). Pearson
Education.

Kaur, S. (2023). The effectiveness of ICT tools in high school science classrooms. Asian Journal of
Educational Research, 11(1),29-38.

Kibirige, 1., & Kwofie, B. (2021). The use of simulations and animations in teaching science in South
African schools. African Journal of Research in Mathematics, Science and Technology
Education, 25(3), 314-326.

Kiptalam, G. K., & Rodrigues, A. J. (2021). ICT integration in Kenya’s science classrooms. Education
and Information Technologies, 26(2), 1541-1557.

Kim, J., & Lee, K. (2020). Conceptual model to predict Filipino teachers’ adoption of ICT-based
instruction in class: using the UTAUT model. Asia Pacific Journal of Education, 42, 699 - 713.
https://doi.org/10.1080/02188791.2020.1776213

Kundu, A., & Bej, T. (2021). Investigating effects of self-efficacy and infrastructure on teachers' ICT
usage: An extension of UTAUT. International Journal of Information and Communication
Technology Education, 17(4), 41-58. https://doi.org/10.4018/IJICTE.2021100103

Lawrence, J. E., & Tar, U. A. (2018). Factors that influence teachers' adoption and integration of ICT
in teaching/learning process. Educational Media International, 55(1), 79-105.

Lee, B., & Lee, D. (2025). Exploring the Structural Relations Influencing K-12 Teachers’ Acceptance
of Generative Al in Education: An Application of the UTAUT Model. Brain, Digital, &
Learning. https://doi.org/10.31216/bd1.2025.15.4.1

Leedy, P. D., & Ormrod, J. E. (2005). Practical research: Planning and design (8th ed.). Merrill
Prentice Hall.

Lekhu, M. A. (2023). Exploring self-efficacy and ICT integration in South African science classrooms.
Curriculum Studies, 5(1), 23-39. https://curriculumstudies.org/index.php/CS/article/view/156

Lemon, N., & Hayes, J. (2020). Enhancing researcher reflexivity about the influence of leading
questions in interviews. The Qualitative Report, 25(12), 605-621.
https://doi.org/10.46743/2160-3715/2020.4567

Lincoln, Y. S., & Guba, E. G. (1985). Naturalistic inquiry. Sage.

Lone, A. H., Puju, A., & Mir, S. (2023). E-learning benefits in post-pandemic education. International
Journal of Modern Education Research, 7(1), 67-75.

Makhanya, S., & Naidoo, D. (2020). Challenges in integrating ICT in rural South African schools.
Journal of Education and Practice, 11(32), 12-20.

Makokoe, N. E., & Netshandama, V. O. (2021). Mobile learning in low-resource settings: A case study
in rural South Africa. South African Journal of Higher Education, 35(4), 145-162.
https://doi.org/10.20853/35-4-4567

102


https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.4018/IJICTE.2021100103___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmJmNGM6MjU4ODY4MGIyY2QwNDQ1MTNhZThlNDJlNzA0NjZjZGRjNTYxOWVjOTIwZTc4ZjllNThlYzJlM2M1MDFlNDRjZjpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/curriculumstudies.org/index.php/CS/article/view/156___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjU0MWM6ZTkwNzBiODFjZDU0OTk4YzQzYTU5ZWEyMWVkYmM5OTcxZjU1ZWUyMzhlMDYxN2Q4MzNmYTlmYWQ5NDMyYmQwMjpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.46743/2160-3715/2020.4567___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmVmNzk6NDdiMmI1ZWRiMjBhMTYxODU1NDllNjE1NDJkMDAxNzEzYjE0YThkZGU5NTdmM2FkMzlhZmRmOWJhM2FmMzM0YjpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.20853/35-4-4567___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjhmMzQ6NTA3MGYzODc0NGYxMDhjNjBjM2Q4OGQ0MzEyNGEzMzk3MzVjMTEzNjA1ZDdkZmYyYzYyOGJiNDMyNjQwMTlkMjpwOlQ6Tg

Maringe, F., & Chiramba, O. (2022). Disruptions in higher education: Mitigating issues of access and
success in the COVID-19 pandemic. South African Journal of Higher Education, 36(4), 6-20.

Mathonsi, D. (2022). Intermediate phase teachers’ challenges when integrating ICT in mathematics
teaching and learning in rural schools (Doctoral dissertation, University of Johannesburg).

Mbanaso, U. M., Abrahams, L., & Okafor, K. C. (2023). Research philosophy, design and
methodology. In U. M. Mbanaso, L. Abrahams, & K. C. Okafor (Eds.), Research techniques

for computer science, information systems and cybersecurity (pp. 81-113). Springer.
https://doi.org/10.1007/978-3-031-30031-8 6

Mbugua, S.N, Kiboss, J and Tanui, E. (2015). Influence of integration of Information Communication
Technology in teaching on students' performance. Journal of Education and Practice, 7-13.

McKinsey & Company. (2019). The future of work in South Africa: Digitisation, productivity and job
creation. https://www.mckinsey.com/za/our-insights/the-future-of-work-in-south-africa

Merriam, S. B., & Tisdell, E. J. (2016). Qualitative research: A guide to design and implementation
(4th ed.). Jossey-Bass.

Mhlanga, D., & Moloi, T. (2020). COVID-19 and the digital transformation of education: What are
we learning on 4IR in South Africa? Education Sciences, 10(7), Article 180.
https://doi.org/10.3390/educscil 0070180

Mhlongo, S., Mbatha, K., Ramatsetse, B., & Dlamini, R. (2023). Challenges, opportunities, and
prospects of adopting and using smart digital technologies in learning environments: An
iterative review. Heliyon. https://www.cell.com/heliyon/pdf/S2405-8440(23)03555-7.pdf

Miles, M. B., Huberman, A. M., & Saldafia, J. (2014). Qualitative data analysis: A methods
sourcebook (3rd ed.). Sage.

Mnisi, S., Mtshali, P., & Moses, T. (2024). Teaching digital learners in a post-COVID era: Lessons
from South Africa. South African Journal of Education, 44(1), 115-132.

Moodley, N. (2015). School managers’ perceptions on teacher professional development of ICT: Case
studies of two rural South African schools [Master’s thesis, University of Johannesburg].
https://ujcontent.uj.ac.za/esploro/outputs/graduate/School-managers-perceptions-on-teacher-
professional/9912582807691

Mom¢éilovi¢, M., & Ninkovi¢, S. (2024). Predictors of ICT integration in teaching: The role of
teachers’ ICT self-efficacy and ICT infrastructure. European Journal of Contemporary
Education, 13(1), 136—149. https://doi.org/10.13187/ejced.2024.1.136

Mpungose, C. B. (2022). Integrating ICT in South African schools: Teachers’ pedagogical and
technological readiness. Perspectives in Education, 40(3), 55-69.
https://doi.org/10.18820/2519593X/pie.v40.13.5

Mukhari, S. S. (2016). Teachers' experience of information and communication technology use for
teaching and learning in urban schools [Doctoral dissertation, University of Johannesburg].

103


https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1007/978-3-031-30031-8_6___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjVmZTU6OGJiZjQyMDI4NmYwZmU1MWQ3NzIxNDNmN2UzZGZmZDAzNmRhMjljOWZmODE2MjE4ZjRhYjYyMmYzNGU3NWZhNjpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/www.mckinsey.com/za/our-insights/the-future-of-work-in-south-africa___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmJiOGU6OTA3YTRhN2FlZGY3ZjQwZDYxZWU2ZGYzZWFhYTlmM2M4YzhlYzY4NjY5N2UwNjNjNDNmM2JhYmZmMGQ2ZDRhMTpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.3390/educsci10070180___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmMyZTM6NDU3YjMxNzg0YzM2NTdjODRjZTVhMDNmZjVhMzkyZGY4NGQzNzhmYWI2ODVmYzc1YzhjMWIwYzE0YzFlMjE5YzpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/www.cell.com/heliyon/pdf/S2405-8440(23)03555-7.pdf___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjJiN2E6NGVkY2Q2OTZlYWUwZTU2N2NjZDVkZWQ3Mzc0ZWJlNTg4ZDA5MjYzYzU0NDcwZDQ1OGRlZGNmMDJhYzFiZmM3MDpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/ujcontent.uj.ac.za/esploro/outputs/graduate/School-managers-perceptions-on-teacher-professional/9912582807691___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmUwNzI6MmJjZjIxMjI0YWZmOTk2MjA0ODU4ZTAwNTYwNTBhNzZjMzJhMGMxMmU3YWM4YzgyNDc2NzZlNGM1MGZkOWM2YjpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/ujcontent.uj.ac.za/esploro/outputs/graduate/School-managers-perceptions-on-teacher-professional/9912582807691___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmUwNzI6MmJjZjIxMjI0YWZmOTk2MjA0ODU4ZTAwNTYwNTBhNzZjMzJhMGMxMmU3YWM4YzgyNDc2NzZlNGM1MGZkOWM2YjpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.13187/ejced.2024.1.136___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmZkMTA6MDA4ZjRkYzgwODJhZTFjZGJmYWNjMTIyNzVhMDRiN2FlNDJkNTMyOTgzMDcxMjQ0YThhMmY1ZjIyZmQ4MmZjMjpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.18820/2519593X/pie.v40.i3.5___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjUzOWM6NDcxMGRjNTM5MmMyMzY1YzA3ZmViODg3MDNhZjY0MWNhOGFmYTRiNzJiYWQ3ZDlmYzMzMTE5ZDQ0YzY0ZTcxYTpwOlQ6Tg

https://ujcontent.uj.ac.za/esploro/outputs/doctoral/Teachers-experience-of-information-and-
communication/9930472707691

Muriithi, M. K., & Makonye, J. P. (2022). The role of ICT in enhancing science learning in Kenyan
secondary schools. African Journal of Research in Mathematics, Science and Technology
Education, 26(4), 377-389. https://doi.org/10.1080/18117295.2022.2108510

Nahm, F. S. (2015). Nonparametric statistical tests for the continuous data: The basic concept and the
practical use. Korean Journal of Anesthesiology, 69(1), 8-14.
https://doi.org/10.4097/kjae.2016.69.1.8

Ng, W. (2022). School leadership and ICT integration: A framework for success. Computers &
Education, 182, Article 104463. https://doi.org/10.1016/j.compedu.2022.104463

Ngoveni, M. A., Mphuthi, G. T., Maile, L. M., Mulaudzi, R. V., Tefo, R. M., & Pitsoane, E. M. (2025).
Willing but Underserved: Interpreting Digital Training Needs of Grade 8-12 Teachers in a
Rural Libangeni Circuit. Education Sciences, 15(11), 1557.

Ngodu, A., Ndibalema, P. M., & William, F. (2024). Understanding stakeholders' perception on
integrating ICT in teaching and learning science subjects: Experiences from Tanzanian
secondary schools. Educational Technology Quarterly. https://doi.org/10.55056/etq.714

Nipyrakis, A., & Stavrou, D. (2022). Using PhET simulations to improve scientific skills and attitudes
of community college students. International Journal of Science Education, 44(2), 251-2609.
https://doi.org/10.1080/09500693.2021.2022622

Nsofor, C., & Bello, A. (2015). ICT and improved teaching and learning outcomes in Nigerian schools.
Journal of Educational Technology, 2(1), 9-15.

Nowell, L. S., Norris, J. M., White, D. E., & Moules, N. J. (2017). Thematic analysis: Striving to meet
the trustworthiness criteria. International Journal of Qualitative Methods, 16(1), 1-13.

OECD. (2022). Digital education outlook 2022: Pushing the frontiers with Al, blockchain and robots.
OECD Publishing.

Ogegbo, A. A. (2024). ICT integration in South African science classrooms: Challenges and
opportunities. South African Journal of Education, 44(2), 1-15.
https://doi.org/10.15700/saje.v44n2a1234

Ogegbo, A. A., & Ramnarain, U. (2024). Enhancing conceptual understanding in science through ICT-
based simulations. Journal of Science Education and Technology, 33(3), 234-248.
https://doi.org/10.1007/s10956-023-10045-6

Ong, M. H., & Puteh, F. (2017). Quantitative data analysis: Choosing between SPSS, PLS and AMOS
in social science research. International Interdisciplinary Journal of Scientific Research, 3(1),
14-25.

Onwunrara, C. N. (2020). The role of ICT in science education: Enhancing student engagement.
Journal of Science Education in Africa, 5(2), 45-58.

104


https://protect.checkpoint.com/v2/r02/___https:/ujcontent.uj.ac.za/esploro/outputs/doctoral/Teachers-experience-of-information-and-communication/9930472707691___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjgwNzQ6ZmExMzE1Zjk1ZTRhZWU1NWQzYzhiMWI3ZTcwOWE5MDFjZTAzZTdlMWI2MWNjNmNiZTEzYzMzYmNjNjA4MWZhYTpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/ujcontent.uj.ac.za/esploro/outputs/doctoral/Teachers-experience-of-information-and-communication/9930472707691___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjgwNzQ6ZmExMzE1Zjk1ZTRhZWU1NWQzYzhiMWI3ZTcwOWE5MDFjZTAzZTdlMWI2MWNjNmNiZTEzYzMzYmNjNjA4MWZhYTpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1080/18117295.2022.2108510___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmZkNzQ6YTNmNGUzNzdhYWM1YzNiNzQ2OTE0ZDUyNzg4N2RjYWQzY2U1NjJkNGEyODA4M2YzMDlkMDNjOWQ0YTRhM2FmNDpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.4097/kjae.2016.69.1.8___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3Ojc0MWU6ZGFjMWNjOGM1MGEyYmQ4MzAxN2M1ZTI5ZDE5MzBmYTBjYzFmZmYwY2IyN2MyMmMxMzU4NWRkNTU0MDVjYmNhOTpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1016/j.compedu.2022.104463___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjA5ZDc6YzljMDM1MWM1ZGExYmI0ZWE2NWZhMTdlZTAyNjg2NTY2ZjdhN2NjNjEzNGI3NTVlZmZjODIwZDgxZTkxMGVlODpwOlQ6Tg
https://doi.org/10.55056/etq.714
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1080/09500693.2021.2022622___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjVjZmY6M2U3MDdjMWI2YTNjYTc0NDA0Y2YzMzUwODYzYTJhMDYyNTVlODc2MmEzMTJhMzQ3MTVmNmZlZDE4ODFmZmVhYjpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.15700/saje.v44n2a1234___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmRhZjI6OTBjMGZjZjYxZjk2MzVmOTc0ZTM0YWUyNDdjMDIzYTM1NmQ3MjU0MTdjMTJhMzQyYjllNGYzNmQyOWJjZWQyZjpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1007/s10956-023-10045-6___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjRhMzM6OTAzMWVmN2UxYmFkZTY1MzMyMWMzZjUzYjA1ZDJiMWNiYTM4ZjlkMWI4NzRlMDllY2QyODhkMjljM2NmZmYyNDpwOlQ6Tg

Pallant, J. (2015). SPSS survival manual: A step-by-step guide to data analysis using IBM SPSS (6th
ed.). Open University Press.

Pelser, A., & Swanepoel, T. (2022). Challenges of ICT adoption in South African rural schools.
Education as Change, 26(1), 1-20. https://doi.org/10.25159/1947-9417/9344

Petko, D., Prasse, D., & Cantieni, A. (2023). Rethinking professional development: Development and
evaluation of an evidence-based online PD course on the effective use of technology in the
classroom. Education Sciences, 13(2), Article 205. https://doi.org/10.3390/educsci13020205

Polly, D., Martin, C., & Wang, C. (2021). The role of ICT in science education: Enhancing
visualization and interaction. Computers & Education, 168, Article 104199.
https://doi.org/10.1016/j.compedu.2021.104199

Prenjasi, E., & Ahmetaga, S. (2015). Using learning management system to integrate physics courses
with online activities: A case study. International Journal of Innovation and Learning, 18(2),
196-209. https://doi.org/10.1504/1J1L..2015.070957

Punch, K. F. (1998). Introduction to social research: Quantitative and qualitative approaches. Sage.

Quality Education Data. (2000). Technology in schools: The ongoing challenge of access and equity.
Quality Education Data Inc.

Ramorola, M. Z. (2018). Challenges of integrating ICT in schools. International Journal of Education
and Development using Information and Communication Technology, 14(1), 124-134.

Ramakgolo, T., & Niyitunga, M. (2024). The effect of the digital divide during a digitised education
system on delivering quality education in South Africa. Research in Social Sciences, 7(2), 45—
59. https://doi.org/10.3390/rss7020045

Saber, H. (2021). ICT-based instructional technology: A tool for 21st-century science education.
International Journal of Instructional Technology, 5(2), 42-53.

Saldafia, J. (2021). The coding manual for qualitative researchers (4th ed.). Sage.
Savec, V. F. (2020). The opportunities and challenges for ICT in science education. LUMAT:

International Journal on Math, Science and Technology Education, 8(1), 127-152.
https://doi.org/10.31129/LUMAT.8.1.1355

Seegobin, P. (2024). ICT integration and inquiry-based learning in secondary science classrooms.
Education Sciences, 14(2), Article 112. https://doi.org/10.3390/educscil4020112

Serevina, V., Sunaryo, Raihanati, Astra, 1. M., & Sari, I. J. (2018). Development of E-module based
on problem based learning (PBL) on heat and temperature to improve student's science process
skill. Turkish Online Journal of Educational Technology-TOJET, 17(3), 26-36.

Sithole, B. B., & Mbukanma, N. C. (2024). Prospects and challenges to ICT adoption in rural South
African universities: A systematic review. Education and Information Technologies, 29(5),
7851-7873. https://doi.org/10.1007/s10639-024-12388-3

105



https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.25159/1947-9417/9344___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmVlY2U6MDcyZmFjMjVkZTY4MGQ4MTczNTY4MDlmZjg3ZjBlMzY4NDIwZTE3MjU1NTBhNThkZGJkOWUwZWE5MDgyMWNkOTpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.3390/educsci13020205___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjQwMWE6MWE4NWU2MDkwYzNlNGUyMDQyODlhMThmMDgxOWFjYTEwOGZkM2RkZjkzNmZmYjA5MDllNWNlNzQ3YWMwNmNmMzpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1016/j.compedu.2021.104199___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmYzNTg6ZjFlYzdlZTVhMWViZWRkZjA3N2I4YzYwYzViZWQ3M2EwMTdiZDFhODQyMzgxNDBhMWUyZGVlNWQ5YTA1ZGNjYjpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1504/IJIL.2015.070957___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmM1MDg6ZWUyN2M4NzMyNmJhMmJjNmE4Mzk4ZTI2ZWQzNTc1YTFhZTYyM2Y5ZmM2OGI1ZjkxYWQyOWEyMDliOTYxZDkxZDpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.3390/rss7020045___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjA0MDY6YmUxN2U5OTcwODk4YmFhNzllOTE5Y2E3OTUwMTcyN2RhNmU0NDJmODcxYjdlZGNlMDRkODc5NGJlMmVhZjRmYjpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.31129/LUMAT.8.1.1355___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmEwYjc6YjM3YzFjYWYyMjY0MzAwNzMyZmJlYTA5ZmI1ZGRlZmU3NjYyNTQ3YjQ2ZTIzMjZhNGE3NjE0ODBiMmNjMmZiMzpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.3390/educsci14020112___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmU3OGU6MGZjZjg5Nzc4MjgxNDAyNjQxY2ExOWE3YmI3NmE4MmQzNDZkM2UzZDcyYmVmMDMyNDA4ZTM3NWUzMDgyMGM4ODpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1007/s10639-024-12388-3___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjgwODQ6MGY5YWRkMDdhNzkzMzc3ZmI3ZDhhZjVlZTM4YWZjMzUyYzlhNmQ3OGFlZjkzZDEyYzAzOTE1ZTRjMmY5YmMzMDpwOlQ6Tg

Ssempala, F. (2021). Teachers’ experiences of ICT integration in Ugandan secondary schools: An
activity theory perspective. Education and Information Technologies, 26(3), 3269-3286.
https://doi.org/10.1007/s10639-020-10389-9

Stats SA. (2021). General Household Survey 2021. Statistics South Africa. https://www.statssa.gov.za

Stats SA. (2022). General Household Survey 2022. Statistics South Africa. https://www.statssa.gov.za

Taber, K. S. (2017). The use of Cronbach’s alpha when developing and reporting research instruments
in science education. Research in Science Education, 48(6), 1273-1296.

Tashakkori, A., & Teddlie, C. (1998). Mixed methodology: Combining qualitative and quantitative
approaches. Sage.

Teo, T., Huang, F., & Hoi, C. K. W. (2018). Explicating the influences that explain intention to use
technology among English teachers in China. Interactive Learning Environments, 26(4), 460—
475. https://doi.org/10.1080/10494820.2017.1341940

Tigere, B., & Netshitangani, T. (2022). ICT use for teaching and learning in secondary schools:
Teachers’ perspectives. South  African Journal of Education, 42(3), 1-12.
https://doi.org/10.15700/saje.v42n3a2097

Timans, R., Wouters, P., & Heilbron, J. (2019). Mixed methods research: What it is and what it could
be. Theory and Society, 48(2), 193-216. https://doi.org/10.1007/s11186-019-09345-5

Tondeur, J., Siddiq, F., & Scherer, R. (2021). Enhancing teachers’ technology integration self-efficacy:
Effects of professional development and contextual factors. Computers & Education, 168,
Avrticle 104155. https://doi.org/10.1016/j.compedu.2021.104155

Tondeur, J., van Braak, J., Ertmer, P. A., & Ottenbreit-Leftwich, A. T. (2017). Understanding the
relationship between teachers’ pedagogical beliefs and technology use in education. Computers
& Education, 108, 1-15.

Tracy, S. J. (2024). Qualitative quality: Eight “big-tent” criteria for excellent qualitative research.
Qualitative Inquiry, 30(3), 234-246. https://doi.org/10.1177/10778004231212850

Trust, T., Whalen, J., & Mouza, C. (2021). Democratizing digital transformation with communities of
practice. EDUCAUSE Review. https://er.educause.edu/articles/2021/8/democratizing-digital-
transformation-with-communities-of-practice

Tuval-Mashiach, R. (2021). Is replication relevant for qualitative research? Qualitative Psychology,
8(3), 365-377. https://doi.org/10.1037/qup0000199

UNESCO. (2021). Reimagining our futures together: A new social contract for education. UNESCO
Publishing.

UNESCO. (2023). Global education monitoring report 2023: Technology in education. UNESCO
Publishing.

106


https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1007/s10639-020-10389-9___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmU5OTc6ZGRkZGU1M2E2M2ZiNmZiMjc3YjE5MWU4YjI5MGM3ZWQ4Mjc1YTgxM2RjMDQ3YTkzYzZkMzY0NmM5YzM5OWE4MDpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/www.statssa.gov.za/___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjRkOWI6OTkxMDU0MmU3MjRhODMzMWJmNWRhMGY4NDY5ZjRlY2ExNTMwYzY5MDA1OTAwNWMwYzEzZTg4OGEyZGM1NzFiNzpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/www.statssa.gov.za/___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjRkOWI6OTkxMDU0MmU3MjRhODMzMWJmNWRhMGY4NDY5ZjRlY2ExNTMwYzY5MDA1OTAwNWMwYzEzZTg4OGEyZGM1NzFiNzpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1080/10494820.2017.1341940___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmZmYWU6MzcwYWNjMzNmOGM0ZGQxMDkzZGJkMTAwMmE4YzEyODIwNTUwNjI2MTY5YjEyYTYyMTQ0ZTQ4MmRiZWQ3ODkwOTpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.15700/saje.v42n3a2097___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjBjMjA6ODk1ZmYzMmY2ZTVmNzJmZWZjZDhjOTY3Nzg1ZmZhNzgzYzVkMWQ2MTI5MjIyODc2YWMwZmIxZjZmN2NkOWUzZjpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1007/s11186-019-09345-5___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3Ojk5YmY6NTBhMDBiNDc1MjY3Y2ZmMjdlNGQ5M2YxOGE1ZjFhNTk4MjY2MWI5NWY2MjAxZjM1NjY5MGM2Njg0YTNhMWYzZDpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1016/j.compedu.2021.104155___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjVlZjc6ZjViMzhkYjg2MGQzMzczMDhhOWIyN2MzMDFiYzg1ZGI3MjJmYzVjZTY1ZDI5OGI2Nzk1OGUwNDZmM2Y4YTEyMDpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1177/10778004231212850___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjlhYWU6NDJmNTAwZDY2ODg4OTQzNDM5NTlmMGM0OTIzZDcyODAxYjZmZGQ4MjYyOTM5ZTgyYzE2MjNmMWUxYTRjYTYzZjpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/er.educause.edu/articles/2021/8/democratizing-digital-transformation-with-communities-of-practice___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmYxNjQ6MTMyZGYxZjZmMGY0ZWNhNDNlOGY4ZTIyY2UyMzA2NzkzNDJjNWQ4ODVhMTcyYzYwYThlZmYyMmRmZTFmMWRmYTpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/er.educause.edu/articles/2021/8/democratizing-digital-transformation-with-communities-of-practice___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmYxNjQ6MTMyZGYxZjZmMGY0ZWNhNDNlOGY4ZTIyY2UyMzA2NzkzNDJjNWQ4ODVhMTcyYzYwYThlZmYyMmRmZTFmMWRmYTpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1037/qup0000199___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmVhZGU6MGFjYzQ0MWY1ZmNkODE0OTlkOTdkYmJmMzBhMDYwNWYxNTkxYzNkM2MxM2RkZjVhMDMwNTgwYzQ2ZDVhYjA3ODpwOlQ6Tg

UNICEF. (2022). The state of education in South Africa 2022. United Nations Children’s Fund.
https://www.unicef.org/southafrica

Valdez, M. E., Cook, M., & Anderson, S. (2022). Reviewing the evidence: Use of digital collaboration
technologies in major building and infrastructure projects. Journal of Information Technology
in Construction, 27, 1-20. https://doi.org/10.36680/].itcon.2022.001

Venkatesh, V., Morris, M. G., Davis, G. B., & Davis, F. D. (2003). User acceptance of information
technology: Toward a unified view. MIS Quarterly, 27(3), 425-478.
https://doi.org/10.2307/30036540

Waclawski, E. (2012). How to use SurveyMonkey for survey research. Occupational Medicine, 62(6),
477-479.

Wang, C,, Liu, C., Roman, A., & Van Wart, M. (2023). The role of E-leadership in ICT utilization: A
project management perspective. Information Technology and Management, 24(2), 99-113.
https://doi.org/10.1007/s10799-021-00354-4

Wiles, R. (2013). What are qualitative research ethics? Bloomsbury Academic.

Wong, K. T., Osman, R., & Rahmat, R. (2022). Predictors of teachers’ intention to integrate ICT:
Revisiting the theory of planned behaviour. Technology, Pedagogy and Education, 31(2), 177—
192. https://doi.org/10.1080/1475939X.2021.1999560

Yin, R. K. (1994). Case study research: Design and methods (2nd ed.). Sage.
Yin, R. K. (2018). Case study research and applications: Design and methods (6th ed.). Sage.
Zandri, S. W., Harisman, Y., Arnelis, Suherman, & Yerizon. (2025). Innovative digital pedagogies in

mathematics and science learning. Jurnal Penelitian Pendidikan IPA, 11(6), 1-10.
https://doi.org/10.29303/jppipa.v11i6.11390

Zincume, X., & Marimuthu, M. (2022). Structural equation modelling of factors influencing users'
adoption of smart board: A South African perspective. International Journal of Interactive
Multimedia and Artificial Intelligence, 7(3), 68—77. https://doi.org/10.9781/ijimai.2021.12.005

107


https://protect.checkpoint.com/v2/r02/___https:/www.unicef.org/southafrica___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjgzMTM6ZjBjNWUzZjIxNDliMzdlYjgyNDg0ZWY4OTA1ZTczZTdkYjkzZDIzNzVlNDA3MjZhNTY2Yzc5MGFjNzQyNTU5ZTpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.36680/j.itcon.2022.001___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjdhNzk6Nzk1YzQ2MWRhOWI4M2QwMjJlMmQ0YjA3MzRkYWEyZDQwYmRjNGNjODE2NjQ5MzIxMzA2YzBjNTFjYmQxYzEzYzpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.2307/30036540___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjUwYzY6ZjliZjZlYTE4NmM3OTBmNWI2YWI2YzQxZjg0ZTc2YzA1MjkzODFkZDdlODIwNzlmODgzZjBlYzY4ZTc0MzgyNjpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1007/s10799-021-00354-4___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjM4ODY6NDZmOTViNTBjNTczMGJlNDI5ZjI5OTc1Njk4YTQwNDY1M2IwNjJmNmQ4ZGU1N2EwYjU2OTU2YmI4ODA1ZDE0NDpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.1080/1475939X.2021.1999560___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjVhNjg6YTc4NmM3ZjY3YmE3OTJkNmFhOGYwNDM0ZjdkZjQ5ZWM0ZGFlYWMzZDk1MGZiZTNiMzE5MDRmZGJiZjZjODZjMTpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.29303/jppipa.v11i6.11390___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OjEwMDc6ODg1MmE2ZThhY2E3Yjc4N2M0NDYxNzEzMTJhZjdlNjJmZjFiZDQxNTY1NDA4NTQyOGM5ZDNmZjQ5ZWRlYjA4ZjpwOlQ6Tg
https://protect.checkpoint.com/v2/r02/___https:/doi.org/10.9781/ijimai.2021.12.005___.YzJlOnVuaXNhbW9iaWxlOmM6bzpkNjI2OWRjODk3MmRhZWE0MWFjNmUzMDY0OTM5Mjk5Mzo3OmJkMDk6ZjZmODBlYjk0ZTIwYzMyMDdjOTJmMmM5YTAzY2VmYmI5YjUzNGM2MGMxM2U4ZTM1NWFiMWEyODliNDMxODAzZTpwOlQ6Tg

APPENDIX A

Link to online Survey/Questionnaires

https://www.surveymonkey.com/r/qr code/X7SQP75
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APPENDIX B

QR-Code to online survey
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APPENDIX C

Consent letter

consent letter used
2024.pdf

110



APPENDIX D

Ethical Clearance Certificate

Ethical certificate.pdf
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APPENDIX E

Letter of permission from the Mpumalanga Department of Education

Dept of Edu data
collection approval.pc

APPENDIX F
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