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Abstract. The ongoing failure to raise academic achievement in certain
science subjects across rural areas of South Africa necessitates the
consideration of technology-enhanced instructional approaches, as such
strategies can augment learners’ understanding. Therefore, this study
aimed to investigate the integration of digital technologies in teaching
sciences in a rural district of South Africa. The study was guided by the
unified theory of acceptance and use of technology as the theoretical
framework. A cross-sectional survey was used to collect quantitative
data. The research instrument was a questionnaire related to science
teachers’ integration of digital technology. The sample size was 158
participants, who were selected using convenience sampling. Data were
analysed using descriptive statistics and stepwise multiple linear
regression. The study found that science teachers’ integration of digital
technology was moderate. Stepwise multiple linear regression revealed
that facilitating condition (f = 0.446, t = 6.088, p < .05) was the most
important predictor of teachers’ integration of digital technology,
followed by self-efficacy (f = 0.295, t = 4.857, p < .05) and social influence
(B=0.160, t =2.213, p < .05). The study offers insights to policymakers and
educators on improving the integration of digital technology in science
education. Suggestions for accelerating the integration of digital
technology in economically disadvantaged rural communities are
presented. The implications of the study are that improving facilitating
conditions, self-efficacy, and social influence can enhance science
teachers’ integration of digital technology. Future research is required to
determine changes over time in the teachers’ integration of digital
technology through longitudinal studies.
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1. Introduction

The adoption and integration of digital technologies (IDT) in science education
have been proven to improve the quality of teaching and learning through their
influence on conceptual understanding, learner engagement, motivation, interest,
and attitudes toward science (Olugbade et al., 2024). However, teachers in rural
communities encounter various obstacles in integrating digital technologies into
their lessons. As a result, the extent of IDT differs from school to school within the
same community and even from teacher to teacher within the same school
(Phillips, 2015). Some teachers utilise various digital technologies extensively,
while others hardly use any form of technology at all.

Despite common acceptance that digital technologies play a critical role in
improving the quality of teaching and influencing academic outcomes, barriers
continue to prevent its widespread adoption. Ertmer (1999) classified these
barriers as first-order and second-order barriers. First-order barriers include
limited availability of hardware and software and technical support, while
second-order barriers involve teachers’ beliefs regarding their own abilities and
the value of technology in instruction (Makki et al., 2018). Certain aspects of first-
order barriers, such as the availability of technological resources, have also been
referred to as facilitating condition (Wang & Chu, 2023). However, facilitating
condition goes beyond the mere availability of physical resources to encompass
policies that promote IDT in teaching (Venkatesh et al., 2003). Facilitating
condition may partly be addressed by providing the necessary resources and
developing policies that support technology integration in teaching.

Although the provision of digital resources impacts their integration in teaching,
not all teachers use these resources despite their availability (Lomos et al., 2023).
Teachers’ beliefs in their own ability to use digital tools and in the value of digital
tools in teaching ultimately play a critical role in determining whether the teacher
uses the available digital resources (Rubach & Lazarides, 2021). Second-order
barriers, such as teachers’ self-efficacy beliefs about their ability to use digital
technology, are pivotal in influencing teachers’ technology integration (Kim et al.,
2013). While teachers continue to encounter challenges to the IDT, these
technologies continue to evolve.

Digital technologies are advancing rapidly, bringing far-reaching educational
transformations worldwide (Jere & Mpeta, 2024). For example, an empirical study
found that integrating artificial intelligence (Al) using ChatGPT significantly
improved learning outcomes compared to traditional instruction (Alneyadi &
Wardat, 2024). Furthermore, Al can enhance personalised and interactive learning
by using prompts in formative assessment (AlAli & Wardat, 2024). Among other
innovative teaching approaches, researchers are also utilising Augmented Reality
(AR) designs such as marker-less AR, marker-based AR, and project-based AR to
support the learning of sciences (Hidayat & Wardat, 2023). Immersive virtual
reality has also been empirically found to raise learners' academic achievement
and motivation (Liu et al., 2022). Therefore, there is a pressing need to accelerate
the IDT in teaching, even in resource-constrained rural areas.
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In poor communities, low levels of IDT in teaching are caused by teachers’ lack of
digital competence (Lucas et al., 2021); lack of digital resources (Akram et al.,
2022); lack of professional development and technical support (Lomos et al., 2023);
absence of or poor implementation of policies on digital technology integration
(Lomos et al., 2023); and teachers’ resistance to the adoption of digital technologies
due to beliefs that are not in line with current knowledge of how children learn
(Tondeur et al., 2017). Despite the ever-increasing availability of digital resources
such as personal smartphones in communities, these resources have not yet been
widely adopted for the purpose of teaching in South African schools. For example,
it has been demonstrated that smart mobile devices, such as smartphones, smart
pads and tablet computers, have great potential for improving learning outcomes
(Leem & Sung, 2019). Nevertheless, it is disturbing to note that a study by
Mwapwele et al. (2019) revealed that in South Africa, teachers are resistant to
allowing learners to use personal smartphones in schools, despite their potential
for advancing learning.

Efforts have been ongoing to improve internet connectivity and increase the
availability of digital resources, such as tablets and computers, focusing on rural
communities in South Africa (Parliament of the Republic of South Africa, 2016). It
can therefore be expected that such efforts would increase teachers” IDT in
teaching. In addition, the Professional Development Framework for Digital
Learning, a policy document, provides direction for teachers’ IDT in South Africa
(Department of Basic Education, 2019). Yet despite these efforts, the acceptance
and use of technology in teaching and learning remains inconsistent. Thus, it is
hoped that the findings of this study will provide both theoretical and practical
contributions to research on IDT in the teaching and learning of sciences. They are
intended to shed light on the factors that influence science teachers’ IDT.
Furthermore, this study has practical significance in enabling policymakers to
make informed decisions for improving learning outcomes. Hence, it is essential
to determine the extent to which science teachers are integrating digital
technologies and the factors that influence this.

To date, the extent to which teachers are integrating digital technologies in their
teaching and the factors influencing their decisions in this matter have remained
obscure (Ferndndez-Sanchez et al.,, 2022; Peng et al., 2023). There has been a
paucity of empirical studies to explore the combined effects of such variables as
self-efficacy, facilitating conditions or information and communication
technology (ICT) infrastructure on the IDT in teaching (Kundu et al., 2021).
Moreover, little empirical research has been conducted in South Africa on the IDT
in science teaching (Mwapwele et al., 2019). Therefore, this study is intended to
fill this gap by examining the extent of IDT and the effects of facilitating
conditions, social influence, and teachers’ self-efficacy on the IDT in science
teaching. To this end, the study sought to answer the following research
questions: To what extent are science teachers in rural communities integrating
digital technology into their teaching? What are the effects of facilitating
conditions, social influence, and self-efficacy on teachers” IDT? The Unified
Theory of Acceptance and Use of Technology (UTAUT) guided the study.
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2. Unified Theory of Acceptance and Use of Technology

The UTAUT proposes four factors as the determinants of a teacher’s acceptance
and IDT in teaching. These factors are facilitating condition, social influence,
performance expectancy, and effort expectancy (Venkatesh et al., 2003). In this
theory, self-efficacy influences technology acceptance in a mediatory role under
certain conditions. This study focuses on the influence of facilitating condition,
social influence, and self-efficacy on teachers” IDT in their teaching. In line with
this theory, self-efficacy influences the IDT by mediating the influence of
facilitating condition.

Performance Expectancy

Effort Expectancy Behavioural Intention Use Behaviour

Social Influence

Facilitating Conditions

Figure 1. Unified Theory of Acceptance and Use of Technology (Venkatesh et al.,
2003)

Although the outcome variable in the UTAUT is behavioural intention or use
behaviour, previous studies have equated behavioural intention to actual use
because these constructs are highly correlated (Leow et al., 2021). Therefore, this
study makes no distinction between behavioural intention and the actual IDT in
teaching. Our focus is limited to two of the constructs in the UTAUT: social
influence and facilitating condition. Facilitating condition is critical in situations
of limited availability of digital resources in education, particularly in developing
educational contexts (Lomos et al., 2023).

3. Integration of Digital Technology in Science Teaching

Rehmat and Bailey (2014) describe the IDT in science teaching as the suitable
adoption and use of technology within a science lesson to enable or augment the
learning of science content. In the same vein, Hennessy et al. (2007) describe the
integration of digital technology in science teaching as the exploitation of
computer-based technology in supporting science learning. Integrating digital
technology in science teaching should encompass all essential aspects of teaching,
such as record keeping, lesson planning, lesson delivery and communication.

In science teaching, IDT occurs when the teacher selects and uses appropriate
digital technologies within the various phases of instruction. Learning in science
occurs when learners conduct scientific investigations, collect data, interpret
evidence, and develop explanations, models, and arguments (Hand et al., 2021;
Manz et al., 2020). This implies that science learning is enhanced by such enquiry
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activities as designing and carrying out experiments, formulating and testing
hypotheses, interpreting collected data, and using it to draw conclusions (Inkinen
et al., 2020). Facilitating the learning of enquiry skills requires a shift from
traditional instruction, which focuses on transmitting information from the
teachers to the learners and relies on rote memorisation and regurgitation of this
information in tests (Bawaneh & Moumene, 2020). It is well documented that
meaningful learning occurs through the active construction of knowledge by the
learner and that the role of the teacher is as a facilitator of learning (Owens et al.,
2020).

Teaching strategies that foster active learning include the use of digital tools such
as interactive simulations, virtual laboratories, virtual reality, augmented reality,
animations, and other multimedia such as static or dynamic visualisations
(Fernandes et al., 2020). Teachers are recommended to use interactive digital
resources that create an engaging classroom environment in which learners
participate in discussion, reasoning, interpretation, reflection, and argumentation,
as these processes are essential in constructing scientific knowledge (Hand et al.,
2021). Moreover, teachers should select the teaching strategies depending on the
objectives of the lesson. When incorporating digital resources can help to achieve
the lesson’s objectives, teachers must consider integrating digital technologies
into their teaching. The presence of facilitating conditions in the school creates an
environment in which teachers can succeed in integrating digital technologies.

4. Facilitating Condition
The term facilitating condition refers to
“the degree to which an individual believes that an organisational and
technical infrastructure exists to support the use of the system.”
(Venkatesh et al., 2003, p.453).
Facilitating condition, therefore, refers to the teacher's belief that the conditions
within the school are conducive to the IDT in teaching. Teachers should have
access to computer hardware, software, and the internet. However, the literature
suggests that teachers working in rural communities often have insufficient access
to these digital resources (Habibi et al., 2020). In addition, such teachers may
suffer from a lack of technical support.

Schools should have technical support structures to catalyse the effective use of
hardware and software facilities (Teo et al., 2012). Unfortunately, insufficient
support has been provided to teachers, especially those working in schools that
are in rural areas (Habibi et al., 2020). Teachers require ongoing technical support
as well as professional development opportunities to develop their competence
and confidence in using digital technology for pedagogical purposes (Mannila et
al.,, 2018). Facilitating condition includes access to training programmes,
workshops, and mentorship opportunities that empower teachers to leverage
digital tools to enhance the teaching and learning within their classrooms.

Numerous studies have explored the effects of facilitating condition on ICT use in

teaching, producing contradictory results that justify the need for further
research. For example, Cabellos et al. (2024) found that improving facilitating
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condition increases the use of digital resources in teaching, and Teo et al. (2012)
found that facilitating condition indirectly affects technology acceptance. In
another study, Teo (2011) found that facilitating condition directly impacted
behavioural intention to use technology. It can therefore be expected that a lack of
facilitating condition would lead to diminished intention to use technology in
teaching. Based on the UTAUT, this study hypothesises that increased facilitating
condition increases the IDT in teaching (Venkatesh et al., 2003). In addition to
facilitating condition, self-efficacy plays a vital role in teachers’ decisions
regarding digital tools.

5. Self-efficacy

Self-efficacy refers to individuals’ judgements of their ability to perform necessary
actions effectively (Bandura, 1982). Teachers who perceive themselves as being
capable of integrating digital technologies into their teaching are more likely to
persist and ultimately succeed in integrating digital technology. Moreover, a
teacher with high self-efficacy exerts more effort when facing obstacles, which
determines resilience, persistence and perseverance (Mannila et al., 2018;
Pearman et al., 2021). Thus, even when faced with barriers to integrating digital
technologies, teachers with high self-efficacy tend not to abandon their efforts.
High self-efficacy is required for teachers to explore novel pedagogies in teaching
with technology as new software becomes available.

Several empirical studies have investigated the effects of self-efficacy on teachers’
IDT. These studies have produced mixed findings, with some showing that self-
efficacy directly affects IDT (Kwon et al., 2019), while others have indicated that
self-efficacy influences technology integration only by playing a mediatory role.
Wong et al. (2020) found that self-efficacy has both direct and mediatory effects
on integrating interactive whiteboards as a technological tool in teaching.
However, according to Venkatesh et al. (2003), self-efficacy does not directly
influence the intention to use digital technology. This is supported by a study by
Peng et al. (2023), which found that self-efficacy influences IDT by mediating the
effects of facilitating condition, such as digital tools. Hence, in this study, it was
hypothesised that self-efficacy influences the IDT through the mediation of
facilitating condition; furthermore, we also attempted to determine whether self-
efficacy had any direct effects on the IDT.

6. Social Influence

Social influence, in this study, refers to the teacher's belief that their significant
others, such as the school principal, school management team and colleagues,
expect them to integrate digital technology into their teaching (Chavez et al.,
2023). If other teachers are integrating digital technology into their lessons, it is
deemed to be more likely that the teacher will follow suit. Venkatesh et al. (2003)
posit that a person’s behaviour is influenced by their belief of how others will
perceive them due to their use of technology.

If teachers feel that the school managers and other teachers value the use of

technology, then the IDT in teaching will be enhanced (Ifinedo & Kankaanranta,
2021). Studies have shown that support from school leadership and teacher
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collaboration increases the IDT (Xue et al., 2023). Therefore, this study
hypothesises that increased social influence will positively affect teachers” IDT in
teaching.

7. Proposed Theoretical Model

Based on the reviewed literature and the theoretical framework, a model of the
effects of social influence, self-efficacy and facilitating condition on teachers’ IDT
was proposed (Figure 2). The following hypotheses are illustrated in the proposed
model:

Hi: Teachers’ self-efficacy has a positive significant effect on teachers” IDT in
teaching.

Ho: Facilitating condition positively and significantly influences teachers” IDT in
teaching.

Hs: The relationship between facilitating condition and IDT is mediated by self-
efficacy.

Hy: Social influence significantly affects teachers” IDT.

[ Facilitating Conditions (FC) " Social Influence (SI) ]
H:

H

i \ |

I Fa l

Self-efficacy (SE) Integration of Digital
H — Technology in Teaching

< .

Figure 2 A theoretical model of the effects of SI, SE and FC on teachers” IDT

8. Method

8.1 Research Design

The study used a cross-sectional survey design. A cross-sectional study is an
observational study that allows researchers to collect and analyse data from a
population at a particular point in time (Wang & Cheng, 2020). In this research, a
cross-sectional study was used as it is less time-consuming and inexpensive, as
the researchers were constrained by limitations on both financial resources and
time. This enabled us to study the associations between the outcome variable and
the predictor variables (Wang & Cheng, 2020).

8.2 Sampling

The study was conducted in a rural education district in Limpopo Province of
South Africa. The population was comprised of teachers who teach natural
sciences at the primary level (grades 1 to 7) or natural science, life sciences, or
physical sciences at the secondary school level (grades 8 to 12). Ethical clearance
was provided by the university ethics committee, while permission to conduct the
study was granted by the Limpopo Department of Education. Participants were
selected using convenience sampling, which is a non-probability sampling
technique. Convenience sampling was chosen as it enabled us to select
participants based on their availability and willingness to participate (Wang &
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Cheng, 2020). Researchers had no control over the selection of participants, due to
both practical and ethical considerations. Hence, random sampling could not be
employed.

There were 158 participants, of whom 53% were male and 47% were female. In
terms of their teaching qualifications, 20.2% had a diploma, 77.3% had a bachelor’s
degree, 1.9% had a master’s degree, and 0.6% had a doctoral degree. The
percentage of teachers with ten years’ experience or less was 52.5%, while 47.5%
had more than ten years’ teaching experience.

8.3 Data Collection

Data were collected using the Questionnaire of Science Teachers’ Integration of
Digital Technology in Teaching (Appendix 1). The questionnaire was created
using Google Forms. The link to the questionnaire was sent to an official
responsible for teaching science subjects in the Department of Basic Education,
who transmitted the link to science teachers through their official communication
channels. The questionnaire was comprised of two sections, the first of which
described the purpose of the study. Participants were informed that the study was
to be conducted for academic purposes only and that their responses would be
confidential and anonymous. Respondents were asked to indicate their consent if
they opted to participate. Furthermore, they were informed that they could
withdraw their participation at any time without any adverse effects. The second
section presented the questions on the four scales of the questionnaire.

8.4 Data Collection Instrument

The scales in the Questionnaire of Science Teachers’ Integration of Digital
Technology in Teaching (Appendix 1) were developed by adapting validated
scales from instruments that have been used in previous studies. All of the items
in the sub-scales on the IDT were adapted from Vannatta and Banister (2009).
Items on self-efficacy and facilitating condition were adapted from Wang and Chu
(2023), while the items on social influence were adapted from Venkatesh et al.
(2003). A panel of four experts reviewed the questionnaire for validity and
suggested changes in the wording of some items to improve clarity; these
recommendations were then incorporated. An instrument is considered to have
an acceptable level of reliability if its Cronbach’s alpha value is between 0.70 and
0.95 (Tavakol & Dennick, 2011). The Cronbach’s alpha values for the scales in the
questionnaire, shown in Table 1, suggest that the instrument had acceptable
reliability.

Table 1. Reliability of the Questionnaire

Scale N Cronbach’s Alpha
SI 4 0.888
SE 5 0.829
FC 6 0.811
IDT 10 0.907
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All items were based on a five-point Likert scale, ranging from strongly
disagree/never (1) to strongly agree/always (5). Self-efficacy had five items,
facilitating condition had six, and social influence had four. IDT had ten items.

8.5 Data Analysis

The Statistical Package for Social Sciences (SPSS) version 28 was used for all data
analyses. The extent of the IDT in science teaching was assessed using descriptive
statistics. Descriptive statistics were also used to present the results of the
teachers’ responses on social influence, self-efficacy, and facilitating condition. In
the presentation of descriptive statistics, weighted mean values were interpreted
following the suggestion of Pimentel and Pimentel (2019), as shown in Table 2.
The relationships between social influence, self-efficacy and facilitating condition
as predictor variables and IDT as the response variable were assessed using
stepwise multiple linear regression.

Table 2. Interpretation of Weighted Mean Values

Rating Weighted Mean Interpretation
Scale Range IDT SE, SI, FC
1 1-1.79 never strongly disagree
2 1.8-2.59 rarely disagree
3 2.60-3.39 sometimes moderately agree
4 3.40-4.19 often agree
5 4.20-5.00 always strongly agree
9. Results

9.1 Extent of Integration of Digital Technology in Science Teaching

The extent to which teachers integrated digital technology in their teaching was
determined by analysing their responses to the items on the IDT scale on the
questionnaire. The items' responses included never (1), rarely (2), sometimes (3),
often (4), and always (5). The findings are presented in Table 3.

Table 3. Descriptive Statistics of Items on the Integration of Digital Technology

Item N M SD Interpretation
Overall weighted mean 3.07 sometimes
IDT1 158 | 3.94 | 1.187 | often

IDT2 158 | 3.63 | 1.244 | often

IDT3 158 | 3.46 | 1.348 | often

IDT4 158 | 3.42 | 1.459 | often

IDT5 158 | 3.01 | 1.321 | sometimes
IDT6 158 | 2.87 | 1.312 | sometimes
IDT7 158 | 2.68 | 1.360 | sometimes
IDT8 158 | 2.68 | 1.373 | sometimes
IDT9 158 | 2.56 | 1.356 | sometimes
IDT10 158 | 2.47 | 1.324 | rarely

N = Sample size; M = Weighted mean; SD = Standard deviation
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The overall mean of 3.07 for IDT implies that the science teachers’ IDT is only
implemented sometimes. There is no evidence that the teachers often use
technology in their science teaching. This indicates that the integration of digital
technology in teaching is at a moderate level. The teachers’ use of technology for
lesson planning, the creation of instructional materials and assessment was above
average, while their use of technology in presenting information to learners, using
content-specific educational software, simulations and gamification and creating
electronic templates to guide learners in using computers was below average.

9.2 Facilitating Conditions, Social Influence and Self-Efficacy

Descriptive statistics of the teachers' responses on facilitating condition, social
influence, and self-efficacy are displayed in Table 4. The mean for facilitating
condition is 2.81, below the overall mean of 2.94, implying that the science
teachers moderately agreed that schools had adequate facilitating conditions.
Similarly, the teachers moderately agreed that policies were available for enhancing
digital competence at the country or district level (FC1, M = 3.09). They also
moderately agreed about the availability of such policies at the school level (FC2, M
= 2.70). The teachers agreed that professional development opportunities were
available (FC3, M = 3.58). In addition, they moderately agreed about the availability
of digital resources (FC4, M = 2.86) and facilities such as the internet, computer
tablets and interactive whiteboards (FC5, M = 2.72). However, they disagreed that
educational software, such as Moodle or Google Classroom, was available for
them at school (FC6, M =1.92). In summary, facilitating condition was moderately
available in schools.

Social influence had a mean of 2.94, which aligns with the overall mean. This
implies that the teachers believed that social influence was significant in their IDT.
The teachers moderately agreed that they used digital technology because other
teachers used it (SI1, M = 2.77). They also moderately agreed that the school's senior
managers supported them in integrating technology (SI2, M = 2.80), that the senior
staff members were very supportive of the use of digital technology (SI3, M =
3.23), and that their school supported the use of digital technology in teaching
(SI4, M = 2.96).

SE had a mean of 3.85, which was above the overall mean of 2.94. This implies that
the teachers believed that they could integrate digital technology into their
teaching. The respondents agreed that they could acquire digital technology skills
(SE1, M = 4.16), use digital technology effectively in their teaching (SE2, M = 4.09),
and overcome the difficulties of using digital technology in their teaching (SE3, M
= 3.49). They also believed they would overcome the difficulties of IDT with
assistance (SE4, M = 3.80). The participants agreed they could respond to various
digital technology uses in their teaching (SE5, M =3.75). Therefore, it was
concluded that the science teachers had high self-efficacy beliefs.
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Table 4. Ratings of Facilitating Conditions, Social Influence and Self-efficacy

Item N M SD Interpretation
Overall weighted mean 158 2.94 moderately agree
Facilitating Conditions (FC) 158 2.81 moderately agree
FC1 158 3.09 1.281 moderately agree
FC2 158 2.70 1.324 | moderately agree
FC3 158 3.58 1.327 | agree

FC4 158 2.86 1.416 moderately agree
FC5 158 2.72 1.409 moderately agree
FCé6 158 1.92 1.224 disagree

Social Influence (SI) 158 2.94 moderately agree
SI1 158 2.77 1.346 | moderately agree
SI2 158 2.80 1.430 | moderately agree
SI3 158 3.23 1.382 | moderately agree
Sl4 158 2.96 1.411 moderately agree
Self-efficacy (SE) 158 3.85 agree

SE1 158 4.16 1.105 | agree

SE2 158 4.09 1.175 | agree

SE3 158 3.46 1.399 agree

SE4 158 3.80 1.245 agree

SE5 158 3.75 1.231 agree

N = Sample size; M = Mean; SD = Standard deviation

9.3 Effects of Facilitating Conditions, Social Influence and Self-efficacy on the
Integration of Digital Technology

Stepwise multiple linear regression was used to assess the influence of facilitating
conditions, social influence, and self-efficiency on the science teachers’ integration
of digital technology. The data were assessed to determine whether the
assumptions of multiple linear regression were not violated. The assumptions
assessed were linearity, homoscedasticity, normality of errors, and independence
of errors (Flatt & Jacobs, 2019).

The independence of error terms was assessed using the Durban-Watson
coefficient, which was found to be 2.056, a value greater than one but less than
three, confirming that the error terms were independent (Flatt & Jacobs, 2019). We
then ascertained whether the errors were normally distributed through a visual
inspection of the histogram of standardised residuals. As can be seen in Figure 3,
the error terms were approximately normally distributed.
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Histogram

Dependent Variable: Integration of Digital Technology
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Figure 3. Histogram of Standardised Residuals

The assumption of homogeneity of variance (homoscedasticity) and linearity was
checked through a visual inspection of the scatterplots of residuals versus
predicted values (Figure 4). As most of the points on the scatterplot had an
approximately rectangular shape, with most of the points being concentrated
around zero, it was assumed that homogeneity of variance had been met. Figure
4 also shows a random scattering of points around the standardised residual = 0
line with no systematic pattern or curvature in scatterplots; this shows that the
linearity assumption was satisfied.

Scatterplot
Dependent Variable: Integration of Digital Technology
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Figure 4. Relationships between Standardised Predicted Value and Regression
Standardised Residual

After checking that the assumptions of multiple linear regression were not
violated, we used stepwise multiple linear regression to determine the
relationship between the predicted variable (integration of digital technology)
and the three predictor variables - facilitating conditions, social influence and self-
efficacy. We ran the multiple linear regression and used the Casewise diagnostic
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function in SPSS to identify outliers. One outlier was identified and deleted,
reducing the sample size from 159 to 158. Then, we reran the regression. The
results are displayed in Table 5.

Table 5. Final Model of Predictive Effects of FC, SE and SI on IDT

Item B Std Error B t P
Intercept | 0.229 0.226 0.990 0.324
FC 0.458 0.075 0.446 6.088 <.05
SE 0.304 0.063 0.295 4.857 <.05
SI 0.131 0.059 0.160 2.213 <.05
R2=0.567 AdjR?=0.558 F(1.154) = 4.895; p <.05

The final regression model included all three predictor variables. The analysis
results indicate that 55.8% of the variance in teachers’ IDT is collectively
accounted for by facilitating conditions, self-efficacy and social influence. In
addition, the results reveal that facilitating conditions were a significant positive
predictor of the teachers” IDT in teaching (f = 0.446, t = 6.088, p < .05). Based on
this, Hi; was accepted. Self-efficacy was also found to be a positive significant
predictor of the teachers” IDT (f = 0.295, t = 4.857, p < .05). Based on this, H> was
accepted. Similarly, social influence was found to be a positive significant
predictor of the teachers’ IDT in science teaching (f = 0.160, t = 2.213, p < .05).
Hence, H3 was accepted.

The facilitating condition was the most critical predictor of teachers' IDT, as an
increase of ten units in facilitating condition was found to increase the teachers’
IDT by 4.46 units. In other words, improving facilitating conditions improves the
teachers’ IDT. Self-efficacy was the second most crucial predictor, as increasing
the teachers’ self-efficacy by ten units increases their IDT by almost three units.
This implies that it is essential to implement measures that improve the teachers’
digital self-efficacy in order to improve the IDT in science teaching. The least
significant predictor of the teachers’ IDT was found to be social influence, with a
f value of 0.160; this indicates that that increasing social influence by ten units
increases the IDT by only 1.6 units.

In order to test the fourth hypothesis that self-efficacy mediates the effect of
facilitating conditions on the teachers’ IDT, a moderation analysis was performed
using PROCESS SPSS macro (Hayes, 2022). In performing this regression, the
variables were centred, and unstandardised B coefficients were produced. As in
the previous regression, self-efficacy (B = 0.0341, t = 5.187, p < .05) and facilitating
condition (B = 0.548, t = 8.586, p < .05) were found to be positive significant
predictors of the teachers” IDT. However, the interaction effect (p = 0.653) was not
found to be a statistically significant predictor of the teachers” IDT (Table 6). Based
on this, Hs was rejected. We found no evidence that self-efficacy is a significant
moderator of the relationship between facilitating condition and the teachers’” IDT
in teaching science.
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Table 6. SE as a Moderator of FC and IDT

B Std t 4 95% CI
Error Low High
Intercept | 3.063 0.057 53.416 0.000 2.949 3.175
FC (A) 0.548 0.064 | 8.586 0.000 0.422 0.675
SE (B) 0.341 0.066 | 5.187 0.000 0.211 0.470
AXB 0.025 0.055 0.450 0.653 -0.84 0.134
R?=0.554; F(3.154) = 63.681; p < .05

The results suggest that social influence, self-efficacy, and facilitating conditions
significantly positively affect teachers” IDT in teaching. The relationship between
facilitating conditions and the IDT is not mediated by self-efficacy.

10. Discussion

The study revealed that the extent of digital technology integration in rural
communities in science teaching is moderate, as the participants did not integrate
digital technology frequently. In line with previous studies (Valverde-Berrocoso
et al., 2021), the teachers reported that they used technology in lesson preparation
to gather information, in the creation of instructional and assessment handouts
and in record keeping, as well as using Microsoft Word for various purposes. The
study showed that there was a low frequency of technology use in terms of the
presentation of information to learners, the adaptation of activities to learners’
individual needs, and the integration of multimedia, simulations, and games in
instruction. This also supports the study by Guillén-Gadmez et al. (2021), which
revealed that teachers have an excellent knowledge of digital tools, but that their
use in teaching is low.

The low levels of integration of multimedia, simulations and gamification
revealed in this study have severe ramifications and contribute to the failure to
raise academic achievement in sciences in rural areas. Particularly in science
subjects, concepts are both abstract and complex, requiring visualisation to make
them accessible to learners (Liu et al., 2022). Therefore, teachers in rural schools
should use visual digital tools in lesson presentations more frequently to raise
academic achievement.

The multiple linear regression analysis results revealed that self-efficacy has a
positive, significant effect on teachers’ integration of digital technology. This
finding supports the results of Peng et al. (2023), who found that self-efficacy
influences pre-service teachers” ICT integration (8 = 2.00, p < .05). However, in
addition to self-efficacy having a direct effect on ICT integration, Peng et al. (2023)
also found that self-efficacy was a mediator of ICT integration through attitudes,
digital competence, and digital tool utilisation. Our study did not support the
hypothesis that self-efficacy mediated the effects of facilitating conditions on the
teachers’ integration of digital technology.

The results of this study support the findings of Cabellos et al. (2024) that

facilitating condition has a significant positive effect on teachers” integration of
digital technology. However, Teo (2010) found that facilitating conditions did not
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directly affect pre-service teachers” intention to use digital technology. Our results
support the findings made by Teo (2011) and Sharma and Saini (2022) that
facilitating conditions directly impact teachers’ intention and actual use of digital
technology in teaching. In addition, we found that social influence significantly
impacts teachers' integration of digital technology, which aligns with the results
of Buraimoh et al. (2023). Improving facilitating conditions, self-efficacy, and
social influence will likely lead to enhanced integration of digital technology by
science teachers.

11. Implications of the Study and Recommendations for Future Research
A critical finding of this study was that the facilitating conditions in schools, in
terms of the availability of the necessary resources and support, were deemed to
be moderate. School policies allowing learners to utilise personal digital devices
such as smartphones and laptops at school would improve facilitating conditions
(Mwapwele et al., 2019). Although the teachers moderately agreed regarding the
availability of some digital resources, they disagreed that they had access to
educational software including Learning Management Systems (LMS) such as
Moodle, Google Classroom and Canvas. LMS are e-learning systems that enable
learners to access content, assignments and assessments from their teachers
anywhere and at any time, as long as they are connected to the internet (Ifliadi et
al., 2024). Hence, schools and the education department should prioritise the
acquisition of software that supports teachers using digital resources to improve
educational outcomes. The level of social influence was found to be moderate. The
teachers believed that people who were significant to them, such as principals and
district officials, valued and expected them to use digital technology in their
teaching. Therefore, education leaders and policymakers should leverage this by
employing influential teachers to champion the integration of digital technology
to encourage their peers. The study found that science teachers had high self-
efficacy. Therefore, education leaders should reinforce teachers' professional
development efforts to maintain high levels of self-efficacy. In summary, teacher
training, ICT infrastructure development, the provision of quality digital content,
the development of policies that support IDT, and financial resources (Ifliadi et
al., 2024) are the critical requirements for enhancing the IDT in science teaching.

We recommend that prospective studies examine the long-term effects of
integrating digital technology on learning outcomes through longitudinal studies.
Such studies can consider other variables, such as the classroom’s emotional
climate, in rural resource-constrained environments while integrating digital
technology. The use of other research designs to investigate teachers’ integration
of digital technology, such as longitudinal, qualitative, and mixed methods
approaches, will advance a more comprehensive understanding of teachers’
integration of digital technology in science teaching in developing nations.

12. Conclusion

The extent to which science teachers are integrating digital technology in teaching
was found to be moderate. Facilitating condition, self-efficacy, and social
influence were found to be positively and significantly correlated with the
teachers’” IDT. Facilitating condition was the most critical predictor of IDT,
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followed by self-efficacy, with social influence being the least significant. Teachers
indicated that facilitating conditions were moderately available, indicating that it
is imperative to improve the provision of facilitating conditions in rural areas of
South Africa. Governments should invest in improving schools” ICT
infrastructure, work with parents to equip learners with personal computing
devices and find ways to subsidise learners' acquisition of such devices.
Additionally, governments must implement initiatives to improve connectivity
and the availability of computing devices for learners to accelerate the transition
from physical classrooms centred on traditional knowledge transmission to
digital classrooms. Furthermore, in poor rural communities, support through
continuous professional development would help teachers to update their skills
and raise their levels of self-efficacy.

Limitations existed in this study in relation to the population of science teachers
studied, the sampling method techniques and research design. Therefore, this
affected the generalisability of the results to the entire population. The sampling
could have included other critical educational stakeholders such as principals,
education officials, and pupils to expand the scope of the study and obtain a more
nuanced understanding. Also, the results may not be generalised to all teachers
as the study was based only on science teachers in rural communities. Moreover,
the study relied on self-reporting, and the teachers’ actual integration of digital
technology may differ from their reported use of digital technology.
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Appendix 1: Questionnaire of Science Teachers’ Integration of Digital
Technology in Teaching

Rate the statements in Sections 1, 2, and 3 from Strongly disagree (1), Disagree
(2), Neither agree nor disagree (3), Agree (4) to Strongly agree (5)
1. Social Influence (Venkatesh et al., 2003)

SI1. I use digital technology because many other teachers use it.

SI2. The senior management of the school (principal and school management
team) has been helpful in the use of digital technology for teaching.

SI3. My supervisor (principal/deputy principal/HOD) is very supportive of the
use of digital technology in my teaching.

SI4. The school, circuit, and district have generally supported using digital
technology in teaching.

2. Self-Efficacy (Wang and Chu, 2023)
SE1. I can obtain digital technology skills if I try hard enough.
SE2. I can use digital technology in teaching effectively if I have enough time.

SE3. I can overcome the difficulties of using digital technology in teaching if no
one is around to tell me what to do as I go.

SE4. I can overcome the difficulties of using digital technology in teaching by
asking someone for help.

SE5. No matter what happens, I can easily respond to various situations that use
digital technology in teaching.

3. Facilitating Conditions (Wang and Chu, 2023)

FC1. There are policies for enhancing teachers’ digital competence in my
country/province/ district to support teachers’ integration of digital technologies
in teaching.

FC2. My school has related policies to encourage teachers to use digital technology
effectively.

FC3. I can access professional development training opportunities on digital
competence enhancement from my school/circuit/ district/ province.

FC4. My school has provided good support for my free access to digital resources.

FC5. My school has adequate digital facilities e.g. the Internet, computers, tablets,
and interactive whiteboards.

FC6. There is adequate software for digital teaching in my school, such as online
teaching software e.g. Nearpod, Moodle, or Google Classroom.

Rate the statements in Section 4 from Never (1), Rarely (2), Sometimes (3), Often
(4), to Always (5)
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4. Integration of Digital Technology in Teaching (Vannatta and Banister,
2009)

IDT1. I use the internet to gather information for lesson planning.

IDT2. I use the computer to create instructional handouts or assessments for
learners.

IDT3. I use a spreadsheet (or a grading scheme) to record marks and/or
attendance.

IDT4. 1 use word processors such as Microsoft Word for lesson planning,
preparation of assessment tasks, and other teaching/learning materials.

IDT5. I use technology to present information to learners.
IDT6. I use technology to adapt an activity to learners” individual needs.

IDT7. I use content-specific software/applications such as YouTube and Khan
Academy Videos for concept reinforcement.

IDTS8. I integrate multimedia that use digital images, videos, and audio in teaching
to enhance conceptual understanding.

IDTO9. I use simulations/gaming software to teach learners to visualise scientific
concepts.

IDT10. I create electronic templates to guide the learner in using the computer.
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