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Abstract: ICT integration in the classroom is viewed as a panacea towards resolving education
challenges. A quantitative approach using South African Trends in International Mathematics and
Science Studies (TIMSS) 2019 Grades 5&9 data with a positivist philosophical stance was used to
explore ICT use. For a long time, most school research took the form of small-scale qualitative
studies, such as case studies or critical policy studies; however, research in education has witnessed
an increasing demand for high-quality, large-scale quantitative studies such as the current study.
TIMSS utilised a two-stage stratified cluster sampling design, sampling schools by size and selecting
intact classes. This study focusses on South Africa where 297 schools, 294 mathematics teachers,
and 11,903 students were sampled at Grade 5 level, and, at Grade 9 level, the sample consisted
of 519 schools, 543 mathematics teachers and 20,829 students. More than 50% of students attend
schools lacking computers/tablets, a figure that rises to nearly 90% concerning their availability in
classrooms. Less than half of students attend schools utilising online learning systems or providing
digital resources. Principals in approximately half the schools indicated shortages/inadequacies
in technologically competent staff, and audio-visual and computer technology/software resources.
Approximately 80% of teachers expressed interest in future technology integration training for both
grades when surveyed. Over half of the students lacked home internet access; however, the majority
had access to cell phones and computers/tablets at home. In tailoring this study to the South African
context, a novel model for ICT integration emerged which draws upon the Dynamic Model of
Educational Effectiveness and the TIMSS curriculum model. Recommendations for improving policy
and practice in ICT implementation in schools are structured around the new model.

Keywords: information communication technology; mathematics teaching and learning; TIMSS

1. Introduction

Growing global apprehension surrounds the academic performance of South African
mathematics students in schools. Initiatives such as the Trends in International Mathematics
and Science Studies (TIMSS) aim to delve into various facets of mathematics achievement.
TIMSS measures student performance at Grade 4 and Grade 8 level; however, South Africa
participates at Grade 5 and Grade 9 levels due to its overall low performance in previ-
ous rounds of TIMSS [1]. Among the 64 countries participating in TIMSS 2019 at Grade
5 level, South Africa ranked amongst the lowest, with a score of 374, notably below the
international benchmark of 500 points [2]. At Grade 9 level, among the 39 participating
countries, South Africa ranked second to last with a score of 389 [3]. TIMSS sets a mini-
mum benchmark of 400 points, indicating basic proficiency in mathematics. According to
Reddy et al. [2,3], only 37% of South African Grade 5 students and 41% of South African
Grade 9 students have reached this basic proficiency threshold, suggesting a substantial lack
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of fundamental mathematical knowledge for both grades. The concerning performance of
South African students in mathematics underscores the urgent need for research into what
can be improved within the South African educational system concerning mathematics
teaching and learning (T&L). There is an expectation that integrating Information Commu-
nication Technologies (ICTs) into T&L will translate into better achievement of educational
outcomes across schooling systems [4,5]. This research was initiated as a response to re-
ports of significant expenditure on integrating ICT for T&L into South African schools [6];
however, evidence suggests that even investing substantial amounts into ICT integration in
South African schools does not significantly improve student achievement [2,3]. This study
hypothesizes that ICT investment has not improved student achievement because ICT
has not been widely and effectively integrated into mathematics instruction. The research
questions (RQs) are: RQ1: What ICTs are being used for mathematics T&L in South Africa?
RQ2: Why are (or are not) certain ICTs being used for mathematics T&L in South Africa?
RQ3: What models can be used to inform the implementation of effective ICT integration
strategies within a South African context? Further investigation into the use of these ICTs in
South African classrooms, and even outside the classrooms by the students, is paramount
to discovering the problem areas, and, in this research, we used TIMSS 2019 data to explore
this matter.

2. Literature Review

The present study builds on a literature foundation describing the benefits of ICT
integration in the teaching and learning of mathematics. It also considers the extent to which
technology has been made available in South African schools and how that technology has
and has not been used. The review concludes with a conceptual framework.

2.1. Importance of ICT Integration in the T&L of Mathematics

Internationally, the benefits of integrating ICTs into the classroom have been empiri-
cally proven and established in recent research conducted in countries such as the United
States [4], Italy [5], Israel [7], Indonesia [8] and Spain [9]. Engelbrecht and Borba [10]
recently published an article on the new developments in using digital technology in
mathematics education. In their article, they discuss various topics from redefined learning
spaces (e.g., flipped classrooms where students are not introduced to new materials within
mathematics lessons but, rather, are expected to work through materials before their lessons
(usually made available online beforehand)), to the use of GeoGebra, student collaboration
through virtual learning environments and social media, Artificial Intelligence (AI) and
hyper-personalisation of learning, and multimodality (e.g., videos, virtual reality (VR),
augmented reality (AR)). The authors highlight the benefits of all these new technologies
but also list some concerns, such as the digital divide (some individuals (typically in low
socio-economic areas) not having access to ICTs). The advantages of ICT integration in
mathematics T&L have been documented by many authors (e.g., [10–12]); however, if one
does not have access to technologies, how can one use them for the T&L of mathemat-
ics? Accordingly, the situation regarding technology diffusion in South African schools is
considered next.

2.2. Technology Diffusion in South African Schools

Regarding technology diffusion, which in the context of the current study refers to the
degree to which technology is present in South African schools, several national-level ICT
initiatives have been implemented, such as the Teacher Laptop project, Sentech Ltd. and
the Telkom Internet Project, which aimed to establish Supercentres in over 1300 schools
equipped with computers, software, internet connections, and rent-free telephone lines.
Initiatives like the eMindset Network and U-Tong portal have been launched to provide
digital content resources via satellite television. eSchoolNet, South Africa’s primary edu-
cator ICT development programme, aims to empower teachers to integrate ICT into the
curriculum confidently. Furthermore, initiatives like Intel Teach to the Future and Microsoft
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Partners in Learning offer training programmes covering basic ICT skills, ICT integra-
tion, peer coaching, and ICT leadership for education managers. Collaborations between
the government and the private sector have led to projects like the Khanya Project and
Gauteng Online, providing ICT-based resources in specific provinces. Ongoing national-
level projects include the development of strategies from the integrated ICT policy review
process, implementation of the SANReN (SANReN stands for “South African National
Research Network”; see [13] for details) and TENET (TENET stands for “Tertiary Education
and Research Network” of South Africa; see [13] for details), the “Broadcasting Digital
Migration Policy for South Africa” (for more details on “Broadcasting Digital Migration
Policy for South Africa”, see [14]), and SA Connect (SA Connect is a “National wide gov-
ernment broadband connectivity project aimed at connecting government facilities” [15]
(para. 1]) [16]. Despite all these initiatives, recent research in South African schools still
reports that many South African schools do not have the necessary ICTs; for example, in
the recent study by Mokotjo and Mokhele [17] on the challenges of integrating GeoGebra in
the T&L of mathematics in South African secondary schools, they reported that there were
insufficient resources in the schools (mostly due to security issues—schools being robbed
and vandalized), causing teachers to become demotivated and disadvantaging students’
learning of mathematics.

South Africa is categorised as an upper–middle–income country with high levels of
compulsory school enrollment and significantly higher annual government expenditure
on education compared to many other nations [6]. The World Bank [6] provides a notable
example: In Sri Lanka, a lower–middle–income country, the average expenditure per
primary school-aged child from 2015 to 2019 was approximately PPP$615; PPP stands
for purchasing power parity. Despite this comparatively modest investment, Sri Lanka
achieved remarkable results, with a learning poverty rate of only 15%. In stark contrast,
South Africa allocated nearly PPP$2400 per primary school-aged child during a similar
timeframe. However, the learning poverty rate in South Africa stood at a staggering 79%.
This figure is akin to that of much poorer Guinea, where the expenditure per child was a
mere PPP$144. Thus, despite significant investment in education, South Africa’s outcomes
are extremely poor, and many students lack basic mathematics skills [2,3]. Accordingly, ICT
use, inside and outside the classroom, by teachers and South African students, at primary
and secondary levels, warrants investigation. While the majority of studies have focused on
the secondary level, investigating ICT use at the primary school level is essential. Acquiring
basic ICT skills at a young age lays the foundation for more advanced ICT literacy skills
later in life. These competencies equip young people for future technological use and
critical reasoning. Accordingly, the next section considers the uses of ICT in South African
mathematics T&L at primary and secondary levels.

2.3. Uses of ICT in South African Mathematics T&L

In South Africa, studies involving primary schools are considered first, followed by
studies in secondary schools. Mwapwele and colleagues [18] analysed the baseline data
from the ICT4E initiative (ICT4E stands for “Information and Communications Technology
for Education”; see [19] for more detail), which encompassed data from 197 teachers from
24 primary and secondary rural schools across seven of the nine provinces of South Africa.
They found that, despite some financial, technical, and digital skills challenges at their
schools, teachers were optimistic about the advantages that ICT integration into T&L could
bring. Mahwai and Wotela [19] also used the ICT4E project data, but only those of rural
schools in Seshego Circuit, and concluded that the promise of successful ICT integration
through this project was unsuccessful as the aims and objectives of the ICT4E project had
not been achieved. In the same year, Dlamini [20] published the results of a large quanti-
tative study (837 respondents from 133 schools) undertaken in Gauteng and concluded
that teachers’ limited technological pedagogical knowledge and limited experience in
integrating computers into the classroom has had a negative impact on ICT uptake; they
used the analytical framework of the Second Information Technology in Education Study
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(SITES) in their investigation. Ramafi [21] analysed the data from 59 questionnaires and five
interviews collected from public school teachers and identified six factors influencing ICT
use: (i) government support, (ii) security measures provided for the ICT tools, (iii) teacher
efficacy, (iv) learner efficacy, (v) state of ICT tools, (vi) and the use of ICT tools. Graham
and colleagues [22] explored the reasons behind why (or why not) South African primary
and secondary school teachers integrate ICTs in their classrooms using the UTAUT as
a theoretical lens. They concluded that teachers only viewed technology integration as
beneficial when it increased productivity and social influence. Using the same data set,
these authors published a quantitative study one year later that investigated which ICTs
were being used most in South African mathematics classrooms [23]. The researchers
discovered that laptops/computers were the most frequently utilised ICT, with data pro-
jectors following as the next most frequently utilised ICT. They advised that professional
development initiatives should prioritise instructing teachers on how to incorporate ICTs
into their classrooms in a way that requires fundamental pedagogical adjustments.

Some examples of studies that only considered the secondary school level in South
Africa are considered next. Ojo and Adu [24] conducted a study in the Eastern Cape
Province using self-developed questionnaires and data from 450 students and 150 teachers.
It was determined that the most abundant ICT resources in every chosen school were mo-
bile phones, and these were utilised by pupils to exchange ideas and information regarding
their courses and download pertinent information. Chisango and colleagues [25] adopted
a qualitative research approach to explore rural secondary school teachers’ perceptions of
the use of ICTs in T&L and found that although teachers had a positive attitude towards
the adoption of ICTs and were ready to integrate ICTs in T&L, they lacked the requisite ICT
skills. Filita and Jita [26] conducted a study on teachers’ perspectives on ICT integration in
the teaching of Sesotho (one of South Africa’s official languages) by conducting interviews,
using the Technological Pedagogical Content Knowledge (TPACK) framework, and con-
cluded that teachers lacked technological knowledge, and that the lack of Sesotho content
in ICT resources negatively affected ICT adoption. More recently, Zenda and Dlamini [27]
examined the factors that influence teachers’ adoption of ICTs in rural secondary schools
using a survey and found that having ICT infrastructure and a training policy in place were
some of the reasons why teachers adopted ICTs in T&L; the modified UTAUT was used to
guide this investigation. In 2024, Mnisi and colleagues [28] conducted a study in Gauteng
using interviews and open-ended questionnaires with ten teachers and one curriculum
specialist, and concluded that most schools are improving ICT use, but the biggest factor
still hindering ICT integration is a lack of internet access in classrooms, hindering teachers
from making full use of ICTs.

Some examples of studies that only considered the primary school level in South Africa
are considered next. Saal and colleagues [29,30] used Grade 5 TIMSS 2015 data to explore
the use of ICT in T&L in mathematics and found that almost 90% of South African students
were taught by teachers who did not even have computers in their mathematics classrooms.
This is a devasting finding, because they also found students who were in mathematical
classes with computers significantly outperformed those without computers available to
them. These same authors published a qualitative case study at primary school level, using
the UTAUT (UTAUT stands for “Unified Theory of Acceptance and Use of Technology”;
see [31] for more details) as a theoretical lens, to investigate the elements facilitating and
hindering the integration of educational technology in mathematics education in economi-
cally disadvantaged areas of South Africa, and found that facilitating conditions (such as
adequate technological infrastructure and qualified information technology technicians),
and social influence (such as other teachers using ICTs in their classrooms) had the greatest
impact on actual ICT use in the classroom of all the UTAUT constructs [32]; the interested
reader is referred to Saal and colleagues [32] for more details on the UTAUT. Kolobe and
Mihai [33] conducted an investigation into how ICTs are used as an intervention tool for
progressed learners in T&L of English First Additional Language in Gauteng and concluded
that ICTs had the potential to reduce failure rates, minimizing the number of learners who
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need to be progressed without meeting promotional requirements; the TPACK was used
as theoretical framework. In a more recent study, Mahlo and Waghid [34] explored ICT
integration among teaching in township public primary schools using lesson observa-
tions and interviews and concluded that the influence of personal conversion factors (ICT
skills obtained through a community of practice and university training), had created the
capabilities for teachers to use ICTs for T&L purposes, although to a limited extent.

The above literature review considered RQ1: What ICTs are being used for mathemat-
ics T&L in South Africa? RQ2: Why are (or are not) certain ICTs being used for mathematics
T&L in South Africa? RQ3: What models can be used to inform the implementation of
effective ICT integration strategies within a South African context? For RQ1 and RQ2,
studies from many researchers were considered on what ICTs are being used, why they are
(or are not) used (the latter speaking to ICT integration challenges and barriers), whereas,
for RQ3, some of the frameworks and models used to inform effective integration were
mentioned (e.g., TPACK, UTAUT, SITES framework). Moreover, regarding RQ3, some
current studies purely focus on formulating ICT integration frameworks that are effective
within a South African context; for example, ref. [35] formulated an ICT integration frame-
work (described by the authors as an extension of the Technology Acceptance Framework
[TAM]), responsive to the challenges that led to low ICT integration and more effective ICT
integration in Gauteng schools. The literature points to the questions being posed in the
current study as to what, why (or why not) ICTs are being used and what models can be
used to inform ICT integration in South African schools as topical research.

2.4. Conceptual Framework: Towards a Model for the Integration of ICT in School

In tailoring this study to the South African context, an adaptation of the Dynamic
Model of Educational Effectiveness (DMEE) was utilised as the foundational conceptual
framework [36]. (The DMEE’s contextual factors were redefined to incorporate South
African-specific educational policies and ICT provisions, which differ significantly from the
original model’s European context. We tailored the school-level factors to reflect the distinct
challenges related to technology integration faced by South African schools, such as limited
access to digital resources and a lack of technologically competent staff. Classroom-level
factors were adjusted to account for the varied levels of ICT availability in South African
classrooms and the impact of this on teaching and learning practices. The student-level
factors were revised to consider the external influences affecting South African students,
such as socioeconomic barriers to technology access at home) This choice was made because
the delineated levels of educational effectiveness within the DMEE align closely with
the categories outlined in the TIMSS curriculum model [37]. The DMEE endeavours to
delineate the factors correlated with educational effectiveness across four interconnected
levels: context-related factors (e.g., national and regional educational policies), school-
related factors (e.g., teaching and learning policies within schools), factors pertinent to the
classroom and educators, and those related to students themselves [38]. This framework,
illustrated in Figure 1, elucidates the interconnectedness of the DMEE, demonstrating how
each level exerts either a direct or indirect influence on the others within the model.
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the intended curriculum, the implemented curriculum, and the attained curriculum [37], as
depicted in Figure 2. This curriculum model serves as the cornerstone of TIMSS investigations
and harmonises effectively with the levels of educational effectiveness delineated in the DMEE.
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There are four distinct areas of research on which the TIMSS context questionnaires
focus [42] and they are depicted in Table 1.

Table 1. TIMSS context questionnaires research areas.

TIMSS Context Questionnaire Areas of Research

Mathematics curriculum questionnaire
Country context

The mathematics curriculum as established by the Department of Education of
the participating country.

ScQ
School context

The educational environment in which both the student and instructor operate;
this consists of elements like resource accessibility, the perception of safety on
campus, and the support received from school administration.

TQ
Educator and classroom context

The educator’s background and the impact they have on the efficacy of teaching
and learning in the classroom are factors to consider. This encompasses the
educator’s teaching methods, the practical implementation of acquired
knowledge, and their educational credentials.

HQ
Home context

Details concerning educational resources available at home, perspectives on the
parents’ highest level of education and employment circumstances, evaluations
of their child’s school, attendance record in preprimary education programmes,
prioritisation of literacy and numeracy activities at home, and the parents’
literacy and numeracy proficiency at the start of the academic year are all
pertinent information.

StQ
Student context

Student-specific information, including student-related context such as the
student’s home environment, academic motivation and application, and parental
background and support availability, is encompassed within this category.

The relationship between the DMEE, the TIMSS curriculum model and the TIMSS
context questionnaires is depicted in Table 2.

Table 2. Relationship between the DMEE, the TIMSS curriculum model and the TIMSS context
questionnaires and assessment.

DMEE TIMSS Curriculum Model TIMSS Context Questionnaires and Assessment

Context-level factors (country and region) Intended curriculum Mathematics curriculum—Mathematics Curriculum
Questionnaire

School-level factors Implemented curriculum School context—ScQ

Classroom-level factors Implemented curriculum Classroom and educator context—TQ

Home-level factors Implemented curriculum Home context—HQ

Student-level factors Attained curriculum
Student achievement in TIMSS –Mathematics
assessment
Student context and background—StQ

While South African schools adhere to the uniform mathematics curriculum known
as CAPS [43], the approach to implementation and the contextual factors vary greatly
among schools nationwide. Given the diverse demographics of both schools and students,
a simplistic perspective on mathematics achievement would be inadequate. Moreover,
schools and students are embedded within social contexts, necessitating an examination of
TIMSS results within broader community frameworks. The conceptual framework of this
study aims to integrate these complex considerations, as illustrated in Figure 3.
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3. Methodology
3.1. Research Approach and Design

A quantitative approach was followed with a positivist philosophical stance that relied
on measurement and reason, and that knowledge was revealed from neutral and measur-
able (quantifiable) observations. Positivism builds on verifying a-priori hypotheses and
experimentation by operationalizing variables and measures [44]. This study hypothesised
that ICT investment has not improved South African students’ mathematics achievement
because ICT has not been widely and effectively integrated into mathematics instruction
and, using the variables listed in Tables 3 and 4 in Section 4, we aimed to verify this
a-priori hypothesis. The research design is a secondary data analysis [45], as this study
used secondary data from TIMSS 2019. TIMSS data are cross-sectional in nature and not
longitudinal, as TIMSS analyse data from different participants each cycle, i.e., they do not
follow the same group of individuals over time [46]. As the focus of the current study is on
South Africa, a purposive sampling technique [47] from within TIMSS 2019 was used by
only selecting and working with the South African TIMSS 2019 mathematics data.

3.2. Participants

For South Africa, at Grade 5 level, the realised sample was 297 schools, 294 mathe-
matics teachers, and 11,903 students [2]; whereas, at Grade 9 level, the sample consisted of
519 schools, 543 mathematics teachers, and 20,829 students [3]. The TIMSS 2019 employed a
two-stage stratified cluster sampling methodology. In the first stage, schools were selected
based on their size. In the second stage, one or more intact classes from the grade level of
interest from each school that participated were chosen [48].
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3.3. Instruments and Quality Assurance

TIMSS 2019 included a series of context surveys for various stakeholders, which
were used in the present study to investigate the research questions [42]. Specifically,
the principals answered a school questionnaire (ScQ), the teachers answered a teacher
questionnaire (TQ), and the students answered the student questionnaire (StQ). Selected
items from these context questionnaires relating to ICTs were analysed, and the items are
displayed in Tables 3 and 4 in Section 4. All three authors of the manuscript analysed
the context questionnaires, reaching a consensus on which items to use, specifically those
related to ICT use. It should be noted that the selected questions are predominantly
inventory-type (e.g., the number of computers available in the schools) and frequency–of–
use questions (e.g., how often ICTs are used in class), rather than attitude-type questions.
However, there are some opinion-based questions; for example, principals were asked to
indicate how much the school’s capacity to provide instruction is affected by a shortage
or inadequacy of ICTs. This question is not purely inventory-type (i.e., whether the ICT
is available or not), but rather relies on the subjective opinions of principals regarding
the negative impact of potential ICT shortages. These questionnaires were designed
within the framework of the TIMSS curriculum model [37]. In terms of quality assurance,
TIMSS 2019 implemented various measures to ensure the reliability and validity of the
assessment [48,49].

3.4. Data Analysis

The IEA IDB analyzer was used, supported by SPSS, to conduct the statistical analyses,
which included descriptive statistics such as percentages, measures of location (mean,
median), and measures of spread (standard deviation, interquartile range). Questions were
analysed from the ScQ, TQ, and StQ. All variables that were considered, and their responses
at Grade 5 and Grade 9 level, are shown in Tables 3 and 4 of Section 4. Multiple imputation
was used to address missing values because it is widely regarded as the most valid method
of addressing missingness, even when the data are not missing at random [50]. A last note
is, when interpreting the results, it is important to note that, in TIMSS studies, the student
is the unit of analysis; thus, say we interpret the responses of the principals (ScQ), it would
be interpreted as the percentage of students attending the school, and not the number of
principals—the same applies to the TQ answered by the teachers.

4. Results

Tables 3 and 4 display the TIMSS variables considered in the study, along with the
responses at both Grade 5 and Grade 9 level, respectively. Table 3 shows the variables
relating to RQ1: What ICTs are being used for mathematics T&L in South Africa?, whereas
Table 4 shows the variables relating to RQ2: Why are (or are not) certain ICTs being used for
mathematics T&L in South Africa? In Tables 3 and 4, variables with four response options
were simplified to two response options for easier interpretation. The downward arrow ↘
indicates the grouping of the first two response options into one category, while the upward
arrow ↗ indicates the grouping of the last two response options into another category.

Table 3. The TIMSS questions, variable names, and responses relating to RQ1.

TIMSS Question and Variable Name Grade 5 Grade 9

TQ (Grade 5: Answered by 294 Mathematics Teachers; Grade 9: Answered by 543 Mathematics Teachers)

“If yes to having access to a
computer or tablet in class, how
often do you do activities on
computers
during mathematics lessons to
support learning
for”:

“Whole class”
Grade 5: ATBM04CA
Grade 9: BTBM17CA

“Never or almost
never” (17.6%)
“Once or twice a
month” (34.1%)
“Once or twice a
week” (48.3%)
“Every or almost
every day” (0.0%)

↘
↗
↘
↗

Never to 1–2
pm (51.7%)

1–2 pw to
always (48.3%)

“Never or almost
never” (48.4%)
“Once or twice a
month” (24.9%)
“Once or twice a
week” (18.4%)
“Every or almost
every day” (7.9%)

↘
↗
↘
↗

Never to 1–2 pm
(73.7%)

1–2 pw to always
(26.3%)
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Table 3. Cont.

TIMSS Question and Variable Name Grade 5 Grade 9

“If yes to having access to a
computer or tablet in class, how
often do you do activities on
computers
during mathematics lessons to
support learning
for”:

“Low-performing
students”
Grade 5: ATBM04CB
Grade 9: BTBM17CB

“Never or almost
never” (29.8%)
“Once or twice a
month” (31.0%)
“Once or twice a
week” (36.3%)
“Every or almost
every day” (2.9%)

↘
↗
↘
↗

Never to
1–2 pm (60.8%)

1–2 pw to
always (39.2%)

“Never or almost
never” (56.3%)
“Once or twice a
month” (23.8%)
“Once or twice a
week” (7.7%)
“Every or almost
every day” (12.2%)

↘
↗
↘
↗

Never to 1–2 pm
(80.1%)

1–2 pw to always
(19.9%)

“High-performing
students”
Grade 5: ATBM04CC
Grade 9: BTBM17CC

“Never or almost
never” (28.4%)
“Once or twice a
month (21.7%)
“Once or twice a
week” (44.6%)
“Every or almost
every day” (5.3%)

↘
↗
↘
↗

Never to
1–2 pm (50.1%)

1–2 pw to
always (49.9%)

“Never or almost
never” (52.6%)
“Once or twice a
month” (25.0%)
“Once or twice a
week” (14.4%)
“Every or almost
every day” (8.1%)

↘
↗
↘
↗

Never to 1–2 pm
(77.5%)

1–2 pw to always
(22.5%)

“Students with special
needs”
Grade 5: ATBM04CD
Grade 9: BTBM17CD

“Never or almost
never” (38.2%)
“Once or twice a
month” (22.6%)
“Once or twice a
week” (31.0%)
“Every or almost
every day” (8.2%)

↘
↗
↘
↗

Never to
1–2 pm (60.8%)

1–2 pw to
always (39.2%)

“Never or almost
never” (57.0%)
“Once or twice a
month” (20.9%)
“Once or twice a
week” (12.6%)
“Every or almost
every day” (9.5%)

↘
↗
↘
↗

Never to 1–2 pm
(77.9%)

1–2 pw to always
(22.1%)

Note: Never to 1–2 pm = Never to once or twice per month; 1–2 pw to always = Once to twice per week to always.
All direct quotes are from the TIMSS questionnaires [51,52].

Table 1 shows the variables related to RQ1: What ICTs are being used for mathematics
T&L in South Africa? Teachers (using TQ) reported using computers or tablets for T&L
for the whole class more at Grade 5 level (approximately half reported using it “1–2 pw to
always”) as opposed to Grade 9 level where only about a quarter reported using it “1–2 pw
to always”. In Section 3.4, we noted that the student is the unit of analysis, so it is more
accurate to say that, for Grade 5, almost half of the students attended classes where the
teacher used computers or tablets one or two times per week to always. In contrast, only
about a quarter of Grade 9 students were taught in classes where this occurred one or two
times per week to always. Using computers and tablets for low-performing students again
showed a higher percentage of use at Grade 5 level than Grade 9, and a similar pattern is
seen when they reported on the use for high-performing students. When asked about the
use of computers and tablets for students with special needs, again, the Grade 5 percentage
was higher (approximately 40%) when reporting using it “1–2 pw to always” compared to
Grade 9 teachers (approximately 20%).

Table 4. The TIMSS questions, variable names and responses relating to RQ2.

TIMSS Question and Variable Name Grade 5 Grade 9

ScQ (Grade 5: Answered by 297 Principals; Grade 9: Answered by 519 Principals)

“How many computers (including tablets and iPads) does
your school have for use by Grade 5/9 students?”
Grade 5: ACBG07
Grade 9: BCBG07

Mean = 12.26
SD = 20.42
Median = 0.00 *
Interquartile range = 20.00

Mean = 21.79
SD = 42.45
Median = 0.00 **
Interquartile range = 30.00

“Does your school use an online learning management
system to support learning (e.g., educator
–student communication, management of grades, student
access to course materials)?”
Grade 5: ACBG09
Grade 9: BCBG09

Yes (12.6%)
No (87.4%)

Yes (25.5%)
No (74.5%)

“Does your school provide students with access to digital
learning resources (e.g., books, videos)?”
Grade 5: ACBG12
Grade 9: BCBG12

Yes (39.9%)
No (60.1%)

Yes (49.7%)
No (50.3%)
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Table 4. Cont.

TIMSS Question and Variable Name Grade 5 Grade 9

“How much is your
school’s capacity to
provide instruction
affected by a shortage or
inadequacy of”:

“Technologically
competent staff”
Grade 5: ACBG13AF
Grade 9: BCBG13AF

“Not at all” (13.0%)
“A little” (27.6%)
“Some” (40.7%)
“A lot” (18.7%)

↘
↗
↘
↗

None to a little
(40.6%)

Some to a lot
(59.4%)

“Not at all” (13.8%)
“A little” (32.1%)
“Some” (38.8%)
“A lot” (15.2%)

↘
↗
↘
↗

None to a little
(46.0%)

Some to a lot
(54.0%)

“Audiovisual resources for
delivery of instruction
(e.g., interactive white
boards, digital projectors)”
Grade 5: ACBG13AG
Grade 9: BCBG13AG

“Not at all” (29.7%)
“A little” (20.5%)
“Some” (16.3%)
“A lot” (33.5%)

↘
↗
↘
↗

None to a little
(50.2%)

Some to a lot
(49.8%)

“Not at all” (20.8%)
“A little” (27.4%)
“Some” (29.7%)
“A lot” (22.1%)

↘
↗
↘
↗

None to a little
(48.2%)

Some to a lot
(51.8%)

“Computer technology for
teaching and learning (e.g.,
computers or tablets for
student use)”
Grade 5: ACBG13AH
Grade 9: BCBG13AH

“Not at all” (29.7%)
“A little” (19.5%)
“Some” (14.0%)
“A lot” (36.8%)

↘
↗
↘
↗

None to a little
(49.2%)

Some to a lot
(50.8%)

“Not at all” (25.9%)
“A little” (24.7%)
“Some” (25.4%)
“A lot” (24.0%)

↘
↗
↘
↗

None to a little
(50.6%)

Some to a lot
(49.4%)

“Computer
software/applications for
mathematics instruction”
Grade 5: ACBG13BB
Grade 9: BCBG13BB

“Not at all” (29.0%)
“A little” (24.1%)
“Some” (18.8%)
“A lot” (28.1%)

↘
↗
↘
↗

None to a little
(53.1%)

Some to a lot
(46.9%)

“Not at all” (25.2%)
“A little” (25.5%)
“Some” (29.0%)
“A lot” (20.2%)

↘
↗
↘
↗

None to a little
(50.8%)

Some to a lot
(49.2%)

TQ (Grade 5: answered by 294 mathematics teachers; Grade 9: answered by 543 mathematics teachers)

“Students in this class have computers (including tablets)
available to use during their mathematics lessons,”
Grade 5: ATBM04A
Grade 9: BTBM17A

Yes (9.1%)
No (90.9%)

Yes (12.3%)
No (87.7%)

“If yes to having access to a
computer or tablet in class,
what access do they have”:

“Each student has a
computer”
Grade 5: ATBM04BA
Grade 9: BTBM17BA

Yes (4.5%)
No (95.5%)

Yes (21.3%)
No (78.7%)

“The class has computers
that students can share”
Grade 5: ATBM04BB
Grade 9: BTBM17BB

Yes (38.3%)
No (61.7%)

Yes (12.4%)
No (87.6%)

“The school has computers
that the class can use
sometimes”
Grade 5: ATBM04BC
Grade 9: BTBM17BC

Yes (83.6%)
No (16.4%)

Yes (53.7%)
No (46.3%)

“In the past two years, have you participated in
professional development in integrating technology into
mathematics instruction?”
Grade 5: ATBM09AD
Grade 9: BTBM22AD

Yes (44.8%)
No (55.2%)

Yes (50.6%)
No (49.4%)

“Do you need future professional development in
integrating technology into mathematics instruction?”
Grade 5: ATBM09BD
Grade 9: BTBM22BD

Yes (86.1%)
No (13.9%)

Yes (85.0%)
No (15.0%)

StQ (Grade 5: answered by 22,903 students; Grade 9: answered by 20,829 students)

“Do you have any of these
things at your home?”

“A computer or tablet”
Grade 5: ASBG05A
Grade 9: BSBG05A

Yes (56.9%)
No (43.1%)

Yes (52.2%)
No (47.8%)

“Internet connection”
Grade 5: ASBG05D
Grade 9: BSBG05D

Yes (36.2%)
No (63.8%)

Yes (43.0%)
No (57.0%)

“Your own cell phone”
Grade 5: ASBG05E
Grade 9: BSBG05E

Yes (67.8%)
No (32.2%)

Yes (79.1%)
No (20.9%)

“Electricity”
Grade 5: ASBG05G
Grade 9: BSBG05G

Yes (83.5%)
No (15.8%)

Yes (94.0%)
No (6.0%)

Note: Never to 1–2 pm = Never to once or twice per month; 1–2 pw to always = Once to twice per week to always.
All direct quotes are from the TIMSS questionnaires [53–56]. * More than half (59.9%) of responses were zero.
** More than half (52.4%) of responses were zero.

Table 2 shows the variables relating to RQ2: Why are (or are not) certain ICTs being
used for mathematics T&L in South Africa? Many of these questions are inventory-type
questions about whether the ICTs are available in the first place, because a reason for not
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using ICTs could be not having access to them. There are also some questions about teacher
professional development because if a teacher does not know how to use ICTs, they most
probably will not use them. For school-level (TQ [Table 3] and ScQ [Table 4]), the ScQ will
be considered first and it can be seen that the average number of computers (including
tablets and iPads) available to Grade 5 students (mean = 12.26) is significantly lower than
for Grade 9 students (mean = 21.79); however, the median is the same for both grades
with the median of zero indicating that, for both Grade 5 and Grade 9, more than half
of the responses were that there are zero computers available to students. Recall that, in
Section 3.4, we mentioned that the student is the unit of analysis, so, using the percentages,
the more accurate way of reporting these results would be to say that 59.9% of Grade 5
students attended classes where the principals reported there were no computers available
to students, whereas this percentage is 52.4% for the Grade 9 learners. Regarding the use of
online learning management systems to support learning, Grade 9 (25.5%) indicated higher
usage compared to Grade 5 (12.6%). Recall that, in Section 3.4, we mentioned that the
student is the unit of analysis, so the more accurate way of reporting these results would
be to say that about one quarter of Grade 9 students attended class where the principals
reported that the schools are using online learning management systems, compared to only
12.6% of Grade 5 students. When asked whether the school provides students with digital
learning resources, almost 40% of Grade 5 students attended schools where this is the
case, whereas, for Grade 9, this percentage was approximately 50%. When principals were
questioned about how much their schools’ capacity to provide instruction is affected by a
shortage of different things related to technology, for both grades, the ratios were about
50–50 for all technology-related concepts (technologically competent staff, audio-visual
and computer technology/software resources) indicating about a 50–50 split between them
affecting instruction and not affecting instruction. Next, the responses to the TQ are consid-
ered. For Grade 5, approximately 90% of students attended mathematics lessons with no
computers (including tablets) available in the mathematics classrooms, and this percentage
was also approximately 90% for Grade 9. When asked whether teachers participated in
professional development in integrating technology into mathematics instruction in the
past two years, the responses were roughly 50–50 for both grades; however, this ratio
changed dramatically when teachers were asked whether they would like to go for future
professional development on this topic, where the ratio is approximately 20–80 for no–yes
for both grades. For the student-level (StQ [Table 4]), for both grades, the majority of
students had access to electricity at home. Regarding internet access at home, for both
grades, more than half of the students indicated that they did not have it. When asked
whether they owned a computer (or tablet) and their own cell phone, the percentage for
cell phones was higher for both grades than for a computer/tablet, with all the percentage
yes responses being above 50%, meaning more than half of Grade 5 and Grade 9 students
had a computer/tablet and cell phone at home.

For RQ3, “What models can be used to inform the implementation of effective ICT
integration strategies within a South African context?,” there were no TIMSS questions that
addressed this question; however, different models were considered in Section 2.1 using
the available literature, and, during our study, a novel model for incorporating ICT into
schools emerged, which are considered and discussed in detail in Sections 2.2 and 6.

5. Discussion

For RQ1, “What ICTs are being used for mathematics T&L in South Africa?”, the results
showed that computers and tablets were being used more often at Grade 5 level as opposed
to Grade 9 level. These results could be attributed to the fact that many studies have
shown the benefit of ICT integration in T&L for younger learners [57,58]. Unfortunately,
the percentage use of other ICTs (e.g., interactive whiteboards) can not be discussed, as the
TIMSS instruments do not go into that level of detail regarding ICT use.

For RQ2, “Why are (or are not) certain ICTs being used for mathematics T&L in South
Africa?”, the reasons seem to be three-fold. Many South African schools do not have
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access to ICTs (Reason 1), many students do not have access to ICTs at home (Reason 2),
and teachers do not know how to integrate ICTs into T&L properly (Reason 3). Reason 1
was derived from the principals’ responses for both Grade 5 and Grade 9, which made it
evident that more than half of South African students are attending schools where there
are no computers or tablets available. These results are concerning, given the substantial
investment in ICT procurement, as they point to the fact that funds have not been fully
utilised in their intended way which warrants investigation into how these funds were
spent. When reporting on the use of online learning management systems to support
learning and whether the school provided students with digital learning resources, very
low percentages were reported by principals. Again, these low percentages, considering
the financial investments made [6,16], are troubling. For Reason 2, although South African
students have access to electricity at home, other ICT-related issues came to light; for
example, regarding internet access at home, it is concerning that, for both grades, more
than half of the students indicated that they do not have it. It should be noted that
electricity was included in the analysis due to South Africa’s ongoing electricity issues,
which negatively affects the educational milieu [59]; one cannot use technology without
electricity. For Reason 3, it came to light that many teachers expressed the desire to
attend more professional development programmes on integrating ICTs in mathematics
instruction and that approximately only half of teachers had undergone recent training
in it. Similar results of South African teachers needing more professional development in
ICT integration have been found by other researchers [22,28]. These conditions should be
alarming to all stakeholders because they highlight significant gaps in the effective use of
ICTs for mathematics teaching and learning.

For RQ3, “What models can be used to inform the implementation of effective ICT
integration strategies within a South African context?,” there were no relevant questions
in the TIMSS dataset. However, various models and frameworks (e.g., TPACK, UTAUT,
SITES framework) were reviewed in Section 2.1 based on the existing literature. Addition-
ally, during our study, a new model for incorporating ICT into schools emerged, which
draws upon the Dynamic Model of Educational Effectiveness and the TIMSS curriculum
model. This novel model is thoroughly examined and discussed in Sections 2.2 and 6. We
believe this model advances the theoretical framework for ICT integration in South African
schools, as no single model has proven to be entirely effective. Organised around the Four
Zones Model, recommendations emphasise the need for tailored support and continuous
professional development at all levels of the education system. National and provincial
education departments must provide substantial support and contextualised resources to
schools, while school management should ensure equitable access to ICT resources and
implement designated time slots for their use. Educators require targeted professional
development programs focusing on fundamental computer literacy and practical aspects
of ICT integration, while students should have access to high-quality educational software
and equitable opportunities for engagement. By implementing these recommendations,
South African schools can effectively harness the potential of ICT to enhance T&L outcomes,
preparing students for success in a technology-driven society.

6. Improving the Integration of ICT in Schools to Show an Increased Educational
Return on Investment

Upon analysing the research findings within the framework of this study, a novel
model for incorporating ICT into schools emerged. This model draws upon the Dynamic
Model of Educational Effectiveness (DMEE) by [36] and the TIMSS curriculum model [37].
Its objective is to guide the integration of ICT for T&L in schools by delineating distinct
zones of impact, key stakeholders, and curriculum expectations throughout the ICT imple-
mentation process. This proposed model, termed the “Four Zones Model for the Integration
of ICT in Schools” (Four Zones Model), is illustrated in Figure 4.
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Structured around four zones of impact akin to those identified by Creemers and Kyri-
akides [39], the Four Zones Model comprises the Context Zone, School Zone, Classroom
Zone, and Personal Zone. Each zone is associated with specific curriculum expectations
mirroring those outlined in the TIMSS curriculum by the IEA [37], namely the Expected
Curriculum, Real-world Curriculum, Operational Curriculum, and Realised Curriculum.
Additionally, the model delineates phases essential for successful ICT integration in teach-
ing and learning environments, as identified through an examination of the roles and
responsibilities within each impact zone. ICT integration and implementation, outlined
in the Four Zones Model, include the Initiation Phase, Implementation Phase, Integration
Phase, and Application Phase.

The initial stage of the Four Zones Model is termed the Initiation Phase, situated
within the Context Zone. This phase encompasses the functions and duties of national
and provincial Departments of Education. These departments play a pivotal role in estab-
lishing a conducive policy and legal framework to facilitate the integration of ICT within
schools. Given the limited financial resources of many schools to acquire ICT resources for
educational purposes, this study underscores the imperative for Departments of Education
to spearhead the distribution of ICT infrastructure to schools. Additionally, within the
Context Zone lies the delineation of the Expected Curriculum, which embodies the official
curriculum sanctioned by the Departments of Education.

The second stage in the Four Zones Model is termed the Implementation Phase, sit-
uated within the School Zone, delineating the responsibilities of school principals and
management. Within this phase, school management holds the pivotal role of fostering an
environment conducive to ICT integration through the formulation of school policies and
protocols that facilitate its effective utilisation. Findings from this study suggest instances
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where, despite the presence of ICT infrastructure within schools, its integration into T&L
processes remained limited. Many educators, despite undergoing professional develop-
ment interventions, seemed unable to apply acquired knowledge in practice. Establishing
an enabling environment for ICT integration may involve seemingly straightforward mea-
sures such as ensuring equitable access to computer facilities by scheduling dedicated
time for each class. Moreover, school management bears the responsibility of arranging
necessary support for ICT users, which could be as simple as assigning an enthusiastic
staff member to oversee ICT assistance. Additionally, an often-overlooked necessity is the
provision of additional time for educators to plan and implement ICT integration into their
lessons. School management could address this need by recognising ICT planning and im-
plementation as a designated extracurricular activity, allowing educators the requisite time.
Within the School Zone, the Real-world Curriculum is outlined, reflecting the curriculum’s
implementation guided by school-specific policies, procedures, and supportive structures.

The third stage within the Four Zones Model, known as the Integration Phase, holds
paramount significance as it marks the operationalisation of ICT integration. Nestled
within the Classroom Zone, this phase delineates the duties and obligations of educators
within their classrooms. The incorporation of ICT into the school curriculum represents a
novel undertaking for most educational institutions, necessitating educators to revise their
existing lesson plans to accommodate ICT integration seamlessly. Following the planning
stage, educators assume the responsibility of delivering lessons utilising newly devised
ICT activities. Moreover, educators are tasked with providing technical support to students
encountering challenges while utilising ICT to fulfill assigned tasks. Findings from this
study indicate that, although many educators exhibit enthusiasm towards ICT integration
in T&L, and participate in professional development initiatives, such interventions often
fall short in adequately preparing educators for the practical realities of integrating ICT
into their pedagogical practices. Within the Classroom Zone, the Operational Curriculum is
outlined, reflecting the curriculum as implemented by educators within the school setting.

The final stage in the Four Zones Model is the Application Phase, situated within
the Personal Zone, elucidating the roles and obligations of students within and outside
the classroom environment. With ICT integration, the dynamics of T&L shift from being
centered on educators to becoming centered on students. Consequently, students are
entrusted with the responsibility of taking charge of their own educational journey. Within
the Personal Zone, the Realised Curriculum is delineated, representing the curriculum as
grasped and achieved by students. It serves as the culmination of the Expected Curriculum,
embodying the ultimate outcome of the educational process.

The Four Zones Model endeavours to address the prevalent issue of ambiguity sur-
rounding the roles and responsibilities of various stakeholders involved in the integration
of ICT within schools. While originally conceptualised within the context of South African
education, the model possesses a level of generality that renders it adaptable to diverse
educational settings beyond South Africa. Hence, it is recommended that the Four Zones
Model be regarded as a guiding framework for forthcoming ICT integration projects
within schools.

6.1. Reliability of the Four Zones Model

The researchers have engaged in discussions with domain experts in educational
technology and policy-making to critique and refine the model. This expert feedback is
being systematically incorporated to strengthen the model’s consistency and application
potential. A series of hypothetical applications of the model to past ICT integration projects
are being undertaken. By examining how the model would have functioned in these
well-documented instances, we aim to assess its reliability in various educational settings.

6.2. Validity of the Four Zones Model

We have more deeply grounded the model in the existing literature and theories of
educational technology adoption, such as the Technology Acceptance Model (TAM) and



Educ. Sci. 2024, 14, 865 16 of 20

the Unified Theory of Acceptance and Use of Technology (UTAUT), to establish its face
and content validity. The model has also been subjected to scrutiny by a panel of experts
in ICT in education, who have provided insights and recommendations to ensure that it
adequately represents the complex dynamics of ICT integration in schools.

7. Recommendations for Improved Implementation of ICT in Schools

Recommendations for improved policy and practice in the implementation of ICT in
schools are organised according to the four zones of impact as identified in the proposed
“Four Zones Model for the Integration of ICT in Schools”. The zones identified are the
Context Zone, the School Zone, the Classroom Zone and the Personal Zone.

7.1. The Context Zone (National and Provincial Departments of Education)

It is evident that schools require substantial support from both national and provincial
education departments when implementing ICT hardware and software. The selection of
educational software must be tailored to meet the specific educational needs of students
in each school, rather than adopting a uniform solution for all schools within a province.
Furthermore, contextualising educational software is essential to ensure that students can
relate to the content, language, and assessment methods employed. For large-scale ICT
projects in education, continuous technical and academic support should be provided to
schools and educators to facilitate the seamless integration of educational software into
regular classroom practices.

7.2. The School Zone (Principals and School Management)

According to the conclusions drawn from this study, it appears that school principals
require distinct professional development initiatives for effectively integrating ICT into the
school curriculum, differing from those tailored for educators. Many principals demon-
strate a lack of clarity regarding their role in implementing ICT integration within the
curriculum and struggle to recognise the potential positive impacts of ICT on T&L within
their schools. Additionally, their leadership in promoting the integration and utilisation of
ICT in T&L appears inadequate when they themselves lack a comprehensive understand-
ing of ICT integration. Considering the substantial financial investment required for ICT
implementation, it becomes imperative for school management to assume responsibility
for the effective utilisation of ICT resources. It is incumbent upon school management
to administer the school’s ICT resources in a manner that ensures equitable access for all
educators and classes. Implementing a weekly designated time slot within the formal
school timetable could be a practical solution to ensure each class receives fair access to the
school’s ICT equipment.

7.3. The Classroom Zone (Educators)

Initiating professional development programs for educators concerning ICT inte-
gration within the school curriculum should commence with addressing fundamental
computer literacy and skills. It is crucial for educators to feel at ease with computer usage
for personal tasks, as lacking this confidence may impede their ability to effectively inte-
grate ICT into their teaching practices. There is a pressing need to enhance opportunities
for professional development among educators concerning ICT integration within the
school curriculum. The observed number of educators who reported non-attendance at
professional development activities underscores this urgency. Centralised management of
these professional development initiatives by national or provincial education departments
could ensure equitable access for all educators. Professional development interventions for
educators must prioritise practical aspects of ICT integration within the school curriculum
and incorporate workplace-based support.
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7.4. The Personal Zone (Students)

Regular use of ICT is essential for students to cultivate non-academic skills essential
for active engagement in the knowledge-driven society awaiting them beyond school. Nev-
ertheless, many students lack access to computers at home, underscoring the responsibility
of education departments and schools to provide access to computers and software during
school hours. Educational software must be tailored to the educational level of students
within each school, and students should have sufficient time allocated for engaging with
high-quality educational software. The more time students spend with high-quality educa-
tional software, the greater the likelihood of meaningful learning and improved academic
achievement. Thus, it is incumbent upon school management to ensure equitable access to
ICT resources for all students within the school environment.

8. Limitations

A limitation of the current study is that a secondary data analysis was conducted.
Conducting a secondary data analysis presents several limitations that researchers must
consider. Firstly, the original data may not have been collected with the specific research
questions in mind, leading to potential gaps in the dataset that may hinder comprehen-
sive analysis. Additionally, the quality of the data may vary, as it relies on the accuracy
and reliability of the original data collection methods and procedures. Researchers may
encounter issues with missing or incomplete data, inconsistencies in data coding, or inac-
curacies in measurements, all of which can compromise the reliability and validity of the
findings. Furthermore, secondary data analysis may limit researchers’ ability to control
for confounding variables or explore alternative explanations for observed phenomena, as
they have no control over the data collection process. These limitations were mitigated by
thoroughly studying the TIMSS booklets and familiarising ourselves with all the steps and
procedures followed by the TIMSS researchers.

9. Conclusions

While our study is grounded in the specific context of South African schools, the
findings and implications carry broader significance for several reasons. The obstacles
and successes identified in the South African context often mirror those in other emerging
economies and even in under-resourced areas of developed countries. The strategies and
models we propose can be informative for similar contexts where educational technology
integration is a work in progress. Furthermore, the Four Zones Model, though developed
within the South African framework, is designed with adaptability in mind. It is based on
universal principles of ICT integration that are relevant to diverse educational settings. We
anticipate that the model can be adjusted to suit different regional and cultural contexts.
Finally, the trends and patterns in ICT use we have identified contribute to the global
discourse on educational technology. Our research adds to the understanding of how ICT
can influence educational outcomes, which is a subject of international concern.
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