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Abstract: Digitalization of STEM in higher education is envisioned to foster digital societies through
enhanced contextualised engaged learning, digital skills, and access to digital learning resources,
specifically in developing countries, including those in Africa. The dearth of empirical evidence
validating digitalization hinders implementation. This study aims to investigate pre-service teachers’
perspectives towards the use of digital game-based learning (DGBL) for sustainable development
of STEM education and promoting 21st century skills. The study was based on the Technology
Acceptance Model (TAM) as a framework. A quantitative survey design was adopted to collect
necessary data from 255 pre-service teachers in a South African university. The fitness of the proposed
model was acceptable to proceed with partial least squares structural equation modeling analysis. The
model accounted for 59% explanatory strength of pre-service teachers’ perspectives towards using
DGBL in teaching and learning. Pre-service teachers consistently express noteworthy perspectives
on the DGBL approach, emphasizing the capacity to provide diverse learning opportunities, foster
heightened engagement, and facilitate contextualised learning experiences. The findings contribute to
the empirical validation and role of DGBL in STEM and the design of educational games promoting
contextualised self-directed learning for sustainability teaching and learning in higher education.

Keywords: digital game-based learning (DGBL); STEM education; digital literacy; higher education;
technology acceptance model

1. Introduction

The challenges faced in Science, Technology, Engineering, and Mathematics (STEM) ed-
ucation, marked by abstract content and waning student engagement, persist as formidable
obstacles for educators worldwide. The imperative to address these challenges becomes
even more urgent in developing countries, where the digital literacy gap exacerbates ex-
isting societal disparities. This is particularly evident in the case of South Africa, a nation
grappling with the enduring effects of apartheid and profound inequalities in educational
access [1]. The commitment to reducing the digital literacy gap is underscored by South
Africa’s national and future digital skills strategy plan, acknowledging the need for compre-
hensive initiatives. The digital divide, echoing socioeconomic disparities, adds complexity
to the pre-existing challenges in STEM education. Recognizing the importance of higher
education in advancing societal progress, South Africa aligns itself with the United Nations
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and lifelong learning facilitated by digital and innovative technologies [2]. For South Africa,
achieving social justice through education requires a multifaceted approach. This involves
not only the equitable distribution of digital resources but also addressing the affordability
of Internet access and implementing robust digital literacy programs. These initiatives are
not merely technological interventions; they are pathways to empowerment and inclusivity.
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The goal is to transform education from a potential reinforcement of existing disparities
into a tool for empowerment and societal inclusion.

Across STEM disciplines, it is suggested that implementation of innovative digital
technologies for learning has the potential to create opportunities for developing digital
skills and competences for the fourth industrial revolution (4IR) [2—4]. Technology-driven
teaching and learning approaches such as flipping the classroom, digital game-based learn-
ing, Blackboard Learn, and massive open online courses (MOOCs) have become popular
and successful in STEM education [3]. Digital game-based learning (DGBL) emphasizes
student-centered, self-directed teaching and learning pedagogies to promote both intrinsic
and extrinsic student engagement. This paradigm shift of digitalization in education has
the potential to revolutionize strategies of conveying and creating new knowledge with
learners. The fun and engaging nature of digital games gives it an advantage over other
promising technology-focused teaching and learning approaches. The most advanced
innovative technology will not be successful if it does not meet the needs of its users, that
is, student interests and learning needs. The literature reflects the necessity to explore
students’ perceptions of technology-driven teaching and learning, that is, the factors influ-
encing students’ intentions to adopt digital game-based learning [5,6]. These arguments
in the literature suggest that technologies in education are necessary for the development
of lifelong learning skills—that access to learning environments created through DGBL
show substantial potential in challenging and engaging students in dynamic learning and
self-directed learning [7-9].

This study aims to delve into the factors affecting pre-service teachers regarding DGBL
in the context of STEM education. Conducting a systematic literature review served as the
foundation to scrutinise the current landscape of DGBL research within higher education.
Embracing and extending the robust Technology Acceptance Model (TAM) framework, this
study capitalises on TAM'’s inherent flexibility and widespread acceptance across diverse
domains and disciplines. The proposed model innovatively extends beyond the TAM
framework by incorporating pertinent external factors influenced by game elements, and
intrinsic and extrinsic motivation. Factors such as learning strategies, learning opportuni-
ties, and cognitive engagement play pivotal roles in defining pre-service teachers’ perceived
usefulness and perceived ease of use concerning DGBL. This model draws strength from
the well-established factors of perceived usefulness and perceived ease of use. Perceived
usefulness, within the context of DGBL, encompasses its potential to provide an enriched,
student-centered teaching and learning approach, ultimately contributing to improved
student performance. On the other hand, perceived ease of use gauges the extent to which
students find the integration of DGBL seamless and effortless in the application of teaching
and learning within the STEM education domain [1]. In essence, this research aspires to
contribute to the evolving discourse on DGBL in STEM education by offering a nuanced
understanding of pre-service teachers’ perspectives.

Understanding the determinants influencing pre-service teachers’ viewpoints is crucial
for informed curriculum development, teacher training programs, and policy initiatives.
The current literature lacks a comprehensive exploration of the multifaceted elements
that contribute to pre-service teachers’ attitudes and beliefs regarding the integration of
DGBL. This study seeks to address this gap by investigating the diverse factors, encom-
passing technological proficiency and potential to learn with digital games, that collectively
influence how pre-service teachers perceive and approach the use of DGBL in STEM
higher education.

2. Literature Review
2.1. STEM Education and Digital Literacy in South Africa

Developing countries are in continuous development towards bridging the digital
literacy gap in education and employment [1,10]. Promoting digital literacy is crucial to
achieving the United Nations (UN) SDG 4, which is to provide inclusive and excellent
education for everyone and encourage lifelong learning [10,11]. This is endorsed in the
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national digital and future skills strategy of South Africa. The strategic plan recognises
that the world is experiencing a skills revolution [11]. The overarching implementation
document for the strategy sets out to lead institutions and stakeholders in the development
of digital and future skills programs (2021-2025). The report recommends promotion of
digital literacy skills and the adoption of innovative digital technologies to address the
many levels of the digital literacy gap [11].

South African society at large shows that access to computer devices and the Internet
is still limited; however, the emergence of mass deployment of wireless technology has
increased the availability of affordable mobile phones and Internet access [12,13]. It is
speculated that mobile gaming (online and offline) may increase in South Africa, especially
amongst young adults, due to the increasing use of mobile technology and the affordability
of large-scale wireless services. The advantages of mobile applications in education and
their adoption has been researched in South Africa to a great extent, with promising re-
sults [14,15]. With access to resources no longer a primary concern, developing countries are
investing in the digital skills development of young people, both men and women [15,16].
Digital literacy is at the heart of sustainable skills development for the youth to live, study,
and work, expanding beyond just functional technological abilities to include a variety of
digital skills, culture, and identities.

2.2. Digital Game-Based Learning in Higher Education

When engaged actively in a game, a person’s brain experiences the feeling of joy
and being challenged spontaneously, and the same experience is true in digital game-
based learning [1]. In recent years, the popularity of DGBL as a learning medium has
grown significantly, with its introduction into museums, libraries, online programs, and
classrooms [5,8]. In the context of education, there are two approaches to game play:
game-based learning and gamification. Gamification focuses on the concept of rewarding
each task that is completed, whereas game-based learning leverages conflict and play
to make academics more engaging and enjoyable [10,11]. Taking learning to the next
level, DGBL defines environments where game activities involve problem solving and
cognitive processing, motivating and challenging users with a sense of achievement [10].
Digital games in education support schools and educators moving towards creating a
digital learning environment using devices such as computers, mobile phones, and digital
applications [17]. Studies suggest great potential in digital games application in 21st
century learning and teaching. They are one of the few technical advancements capable
of satisfying many of the 21st century’s evolving learning demands and criteria [2,12-14].
The fun, engaging nature of DGBL has many successes reported in learning achievements
and improved performance in language studies, and particularly in STEM education [17].
Furthermore, information technology-integrated learning approaches are more effective
than traditional approaches in student cognitive perspective, retention, participation and
engagement [8,15]. Making use of digital game elements aligned with established learning
principles can enhance meaningful learning that engages students.

2.3. Technology Acceptance Model

The Technology Acceptance Model (TAM) advocates that the acceptance of a technol-
ogy is influenced by its users’ perceptions. It defines perceptions in behavioural attitudes
towards use. That is, behavioural intention is a construct determined by attitude, and user’s
attitudes are influenced by perceived usefulness and perceived ease of using the technol-
ogy [18,19]. The model is adopted and extended to define external constructs influencing
pre-service teachers’ intentions to use DGBL; see Figure 1.
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Figure 1. Technology acceptance model [18].

External Variables (Moderators): External factors that can influence the relationship
between the main constructs.

Perceived Usefulness (PU): The degree to which a person believes that using a particu-
lar technology would enhance their job performance or make it easier.

Perceived Ease of Use (PEoU): The extent to which a person believes that using a
particular system would be free of effort.

Attitude Toward Using (AT): The individual’s overall positive or negative feelings
about using the technology, which is influenced by perceived usefulness and ease
of use.

Behavioural Intention to Use (BI): The individual’s subjective probability that they
will perform a particular behaviour, in this case, using the technology.

Comparative studies endorse TAM over other technology acceptance theories, as it

explains an average of 40-60% variance on technology acceptance and user behavioural
intentions [19,20]. Perceived usefulness (PU) and perceived ease of use (PEoU) are the
original TAM constructs to define pre-service teachers’ perceptions of DGBL as a technology.
These constructs are further defined by external factors based on intrinsic and extrinsic
motivations in DGBL (learning strategies, learning opportunity, cognitive engagement, per-
ceived enjoyment, and social influence). Furthermore, PU and PEoU influence behavioural
attitude, and behavioural attitude, in turn, influences behavioural intention to use DGBL.

2.4. Theoretical Framework and Hypotheses

In Figure 2, a pictorial representation of the proposed model is shown. Following are

the four external constructs defined by the model, and the formulation of ten hypotheses
(Table 1).

Perceived usefulness (PU)

Learning engagement (LO)

Behavioural Attitude (BA)

H-1

Intention to use DGBL

Cognitive engagement (CE)

Perceived ease of use (PEoU)

Figure 2. The proposed DGBL technology acceptance model.
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Table 1. Hypotheses overview: statements and proposed relationships.

Hypothesis Path Hypothesis Statement
H-1: BA > BI Behavioural attitude has a significant influence on
pre-service teacher intention to use DGBL.
Heo: PU > BA Perceived usefulness has a significant influence on
pre-service teacher behavioural attitude.
) Perceived ease of use has a significant influence on
Hs: PEU > BA pre-service teacher behavioural attitude.
Hed: PEoU > PU Perceivefi ease of use has. a significant influence on
pre-service teacher perceived usefulness.
H-5: LS > PU Learning strategies have significant influence on
pre-service teacher perceived usefulness perceived.
. Learning strategies have significant influence on
H-e: LS>PEoU pre-service teacher perceived ease of use.
He7: LO>PU Learning opportunities have significant influence on
pre-service teacher perceived usefulness.
H-8: LO > PEoU Learning opportunities have significant influence on
pre-service teacher perceived ease of use.
. Cognitive engagement has significant influence on
H-: CE>PU pre-service teacher perceived usefulness.
H-10: CE > PEoU Cognitive engagement has significant influence on

pre-service teacher perceived ease of use.

Learning strategies (LS): LS identifies evidence of technology-integrated teaching and
learning strategies compared to traditional teaching and learning approaches. Indicator
items for the LS construct are developed based on popular learning theories in STEM
education (constructivism, cognitivism, and behaviourism) perceived in DGBL [21,22]. In
the study, the LS construct defines pre-service educators’ perceived teaching and learning
approaches integrated in DGBL, that is, whether DGBL facilitates effective teaching and
learning in STEM education as perceived by pre-service teachers.

Learning opportunity (LO): In this study, LO is the degree to which pre-service educa-
tors believe that playing educational games has the potential to offer them an opportunity
to interact and explore with content knowledge for individualised learning needs [22,23].
Learning opportunity (LO) is a construct to determine learning needs of students and
where those needs are meet by DGBL.

Learning with digital games offer students the opportunity to experiment with a
simulated learning reality and take control over the learning process, while in interaction
with other students. Various studies that attested to the use of digital technologies to
have a significant influence on student learning, especially learning of STEM subjects
both in basic and higher education [23-25]. Literature depicts LO to have a positive
correlation with its related variables such as perceived usefulness, attitude, and behavioural
intention [22]. That is, students’ perceived usefulness of DGBL can be predicted by apparent
learning opportunities in the games. A study demonstrated that LO significantly influenced
perceived usefulness (8 = 0.58, p < 0.01) [24], supported in another study [22], the path
coefficient of LO showed a good influence on PU (8 = 0.49, p < 0.001). High interrelations
were reported among behavioural intention, learning opportunities and usefulness, a high
usefulness score is associated to a high score on learning opportunities (r = 0.714, p < 0.01)
and behavioural intention (r = 0.703, p = 0.001), and vice versa [22,26].

Cognitive engagement (CE) is a less-studied determinant of technology acceptance.
CE is related to internal processes such as the use of metacognitive strategies, learning
engagement, self-directed learning, ability to think critically, and building relationships
in everyday life [27-29]. Cognitive learning strategies suggest that digital technology’s
richness motivates learning intrinsic interest, curiosity, focused attention, concentration,
and immersion in an activity [30,31]. Cognitive engagement (CE) is therefore defined as the
idea of investing; it includes thoughtfulness and a willingness to work hard to understand
complex ideas and master complex skills [32]. A strong positive correlation between CE
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and perceived usefulness is depicted (B = 0.36, p < 0.001), suggesting self-perception theory
grounds for CE'’s significant affected usefulness [33]. Consistent results were observed
by [30]; CE significantly predicts perceived usefulness (8 = 0.52, p < 0.001), perceived ease of
use (B =0.587, p <0.001), and a direct-path CE and behavioural intention (8 = 0.25, p < 0.01).
Another recent study [34] supported the relationship between cognitive engagement and
perceived usefulness (f = 0.24, p < 0.01).

To investigate the various factors influencing pre-service teachers’ perceptions towards
the use of DGBL in STEM higher education, Table 1 provides an overview of the hypotheses
proposed in the model, along with their corresponding statements.

3. Methodology
3.1. Research Design

The study adopted a quantitative survey research design. A survey questionnaire was
used in the data collection process. Descriptive statistics and partial least squares-structural
equation modeling were used to explore the data and in the assessment of the above
formulated hypotheses.

3.2. Participants

The survey was administered with the use of random sampling amongst STEM
undergraduate students in the Faculty of Education at the university of Zululand, south
Africa, a population of 3000 pre-service educators, at the 95% confident level. The final
sample size was two hundred and fifty-five (N = 255), an acceptable sample size for the
current study’s feasibility, and considerations related to the population size, as it was less
than 10% of the total population [35].

3.3. Instrument

A two-section questionnaire was employed to collect data from the respondents on
their perception and intention to use DGBL. The first section gathered demographics of
respondents and the second section consisted of a five-point Likert scale to collect data
on the construct indicators. The indicator items were adopted and adapted from different
literature sources. The Likert scale was used to measure the extent of the respondents’ agree-
ment on the indicator statements that ranged from 1 as Strongly disagree to 5 as Strongly
agree. Data were collected by means of random sampling and a survey questionnaire
administered amongst STEM pre-service teachers at a university in South Africa.

3.4. Data Analysis Technique

The Statistical Package for the Social Sciences (SPSS) software (version 26) was used
to compute descriptive statistics and screen missing data [36]. A two-step approach was
employed for the evaluation of the proposed model. Partial Least Squares Structural
Equation Modelling (PLS-SEM) techniques were employed for the model and hypothesis
testing with the help of SmartPLS-4 software (version 4.0.9.4). The measurement model
was used to address the model’s dependability and validity by testing convergent validity,
internal consistency reliability, and discriminant validity. Convergent validity was assessed
through factor loading and average extracted variance (AVE). As depicted in Table 2, factor
loadings for the six constructs are greater than the threshold of 0.7, suggesting that all
constructs are represented by their indicator items [37]. If the AVE value is greater than
the standard minimum 0.5, that suggest adequate convergent validity. Consequently, the
internal reliability of the model is acceptable, given the values of Cronbach’s alpha (CA)
and composite reliability (CR) being greater than 0.7, respectively [38].
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Table 2. Average score values for each scale and Fornell-Larcker criterion values (in bold); greater
values mean greater correlation between constructs.

Construct Mean SD BA CE BI LO LT PEoU PU
Behavioural attitude (BA) 0.830
Cognitive Engagement (CE) 3.68 0.99 0.467 0.801

Intention to use DGBL
Learning Opportunities (LO)
Learning Strategies (LS)
Perceived ease of use (PEoU)
Perceived usefulness (PU)

3.67 1.08 0.746 0.442 0.802

3.83 0.85 0.503 0.500 0.450 0.769

3.75 0.92 0.375 0.473 0.430 0.504 0.817

3.52 0.96 0.468 0.408 0.500 0.456 0.449 0.772

3.75 0.95 0.601 0.507 0.563 0.589 0.443 0.522 0.824

4. Results
4.1. Descriptive Statistics

The mean scores of the indicators tested above the mid-point of 3.00, ranging from 3.18
to 3.82, indicating that pre-service teachers have positive perspectives towards the variables
of the model in the context of STEM education (Table 2). The data suggest a moderate
spread of responses for the model via the standard deviation, which ranges between 0.85
and 1.08, indicating a positive overview of construct indicators [35]. The projected data
suggest positive perspectives towards the proposed constructs.

4.2. Measurement Model

The measurement model was employed to assess the model’s dependability and
validity by testing convergent validity, internal consistency reliability, and discriminant
validity [38].

Discriminatory validity serves as an empirical gauge of the extent to which a construct
differs from other constructs, implying its uniqueness [38]. In this study, the assessment of
discriminant validity for the indicators employs the cross-loading approach and Fornell-
Larcker criterion [39,40]. Discriminant validity was established based on the Fornell-
Larcker criterion; latent variables show more variance with its related indicator [38].

That is, criteria values are larger than other latent variables in the column (depicted
with bold in Table 2), suggesting that each variable shares more variance with its indicators.

Convergent validity was assessed through factor loading and average extracted vari-
ance (AVE). As depicted in Table 3, factor loadings for constructs are greater than the
threshold of 0.7, indicating that all constructs were well represented by their indicator
items [37]. The AVE values range from 0.544 to 0.690 greater than the standard minimum
0.5, suggesting that the adequate convergent validity internal reliability of the model was
acceptable, given the values of Cronbach’s alpha (CA) and composite reliability (CR) being
greater than 0.7, respectively [38]. Results suggest effective model strength for evaluating
the structural model.

Table 3. Measurement model.

Convergent Validity Internal Consistency

Indicator Reliability
Construct
Item Factor Loading AVE CA CR
>0.7 >0.5 >0.7 >0.7
Behavioural BA 1 0.854
th‘.’tlo;m BA 2 0.863 0.689 0.774 0.869
ttude BA5 0.772
BI2 0.785
Intention to BI3 0.827
use DGBL BI 4 0.835 0644 0862 0.900

BI6 0.784
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Table 3. Cont.

Internal Consistency

Convergent Validit . 1 e1s
Indicator 8 y Reliability
Construct
Item Factor Loading AVE CA CR
>0.7 >0.5 >0.7 >0.7
PU1 0.785
Perceived PU 2 0.870
usefulness PU3 0.847 0.679 0.881 0.913
PU 4 0.850
PEoU 2 0.778
Perceived PEoU 3 0.740
ease of use PEoU 5 0.806 0.597 0.831 0.881
PEoU 6 0.775
LS1 0.796
Learning LS2 0.868
strateies LS3 0.807 0.667 0.875 0.909
& LS4 0.833
LS5 0.792
LO1 0.758
Learnin LO2 0.791
o ortunfi;t LO3 0.809 0.591 0.827 0.878
PP Y LO4 0.715
LO5 0.768
CE1 0.836
Cognitive CE2 0.828
engagement CE 4 0.779 0.641 0.815 0.877
CE5 0.757

4.3. Structural Model

Bootstrapping procedure was performed to a sample of 5000 observations, with
significance levels set at 97%, to evaluate collinearity and path coefficients of the structural
model [38]. Collinearity within the model is reported as substantial when the VIF value
is less than three [37,38]. Table 4 reports on VIF values; all the constructs VIF values were
below 3.000, suggesting there were no collinearity issues within the model.

The Pearson product-moment correlation coefficient was used to examine variable
correlation in the hypothesised relationships [37]. Depicted in Table 4 are the t values,
declared significant if greater than 1.96, and a correlation of 0.05 or higher (r > 0.05) for
substantive correlations. The f-square (f?) effect size was estimated by running the PLS-
SEM algorithm twice, to measure the strongest relationship of a predictor construct on
the independent variable. Out of the 10 proposed hypotheses, 9 were supported and
only one rejected. Behavioural attitude, PEoU, and PU were found to have positive and
significant correlations to behavioural intention to use DGBL; Hypotheses-1, Hypothesis-2
and Hypothesis-3 were supported (H-1: g = 0.60, p < 0.001; H-2: § =0.49, p < 0.001; H-3:
B =0.33, p <0.001). Learning strategies as a construct had no significant influence on PU
(H-5: B =0.12, p < 0.25). Learning opportunity was a strong predictor of PU and PEoU
(H-7: =0.40, p < 0.001; H-8: 5 =0.24, p < 0.001). Pre-service teachers believe that DGBL
provides better learning opportunities in STEM-related subjects. Results also indicate that
cognitive engagement (CE) was observed to be a significant determining factor for PU and
PEoU; it had a positive and significant impact on PU (H-9: B = 0.16, p < 0.005) and PEoU
(H-10: p=0.16, p < 0.003). CE was predicted to have a positive influence on pre-service
teachers’ perceptions towards using DGBL in STEM higher education; see Table 4.
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Table 4. Total effects coefficients for the structural model.
Hypothesis Path Path t Value p Value VIF 2 Decision
Coefficient

H-1 BA > BI 0.600 10.676 0.000 1.632 0.537 Supported
H-2 PU > BA 0.491 8.841 0.000 1.373 0.250 Supported
H-3 PEoU > BA 0.338 3.585 0.000 1.373 0.071 Supported
H-4 PEoU > PU 0.257 4.060 0.000 1.697 0.079 Supported
H-5 LS >PU 0.122 1.129 0.259 2.133 0.002 Rejected
H-6 LS > PEoU 0.243 2.989 0.003 2.139 0.006 Supported
H-7 LO>PU 0.403 5.338 0.000 1.802 0.094 Supported
H-8 LO > PEoU 0.248 3.533 0.000 1.971 0.007 Supported
H-9 CE>PU 0.247 3.572 0.000 1.651 0.046 Supported
H-10 CE > PEoU 0.169 2.854 0.003 1.727 0.004 Supported

LO4

LTS

LT4 0.792

CE4

The findings are consistent with those of Bourgonjon, De Grove and Vanduhe,
Nat [24,41]. suggesting a strong intent to use DGBL if it is focused on digital skills, op-
portunities to experiment with knowledge, and control of the learning process in a fun
environment. Figure 3 further illustrates the structural model, depicted to account for 59%
of the variance in behavioural intention. The exogenous variable explained 46% of the
variance on perceived usefulness and 21% on perceived ease of use.

T T PUS
PU3 \ 0.871 / PU4

PEOU2
PEQUG

PEOUS PEOU3
CE5

PEQU4

Figure 3. Structural model.

Students and educators show positive and significant perceptions towards the use
DGBL in STEM higher education [24,41]. Similar findings showed that the exogenous
variable explained 63% of the variance in BI to use DGBL and that PEoU was the strongest
predictor of BI 54% [42].

The model accounts for 59% of the variance in DGBL behavioural intention. The
exogenous variable explained 46% of the variance on perceived usefulness, and 21% on
perceived ease of use, suggesting that the external variables played a positive and significant
influence on the model’s perceived ease of use and perceived usefulness. Perceived ease
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of use, perceived usefulness, and attitude directly and positively influenced pre-service
teachers’ behavioural intention to use DGBL. The results indicate that STEM pre-service
educators agree that it is within their intention to use DGBL for learning and teaching. The
model’s total effect demonstrated that behavioural intention was positively influenced by
all proposed factors.

5. Discussion and Implications

Developing an extended technology acceptance model through the integration of digi-
tal games features and learning strategies has been a major objective towards determining
factors for pre-service teachers’ intention to use DGBL for sustainable development in
STEM higher education. The current study is making a move forward by implementing
a DGBL perception model. Using the proposed model, the study examines the effect of
learning strategies, learning opportunity, and cognitive engagement on pre-service teachers’
perception of DGBL in STEM higher education. The impact of learning strategies, learning
opportunity, and cognitive engagement positively and significantly influenced pre-service
teachers’ perceived usefulness and ease of using DGBL. Moreover, perceived ease of use,
perceived usefulness, and attitude directly and positively influenced pre-service teachers’
behavioural intention to use DGBL. That is, given the diverse learning opportunity, learning
strategies, and cognitive engagement afforded by DGBL, pre-service educators believe
that it is within their intention to use DGBL to promote effective teaching and learning in
STEM higher education. The proposed model accounts for 59% of the variance of use in
DGBL behavioural intention. The models” path coefficient showed positive correlation with
behavioural intention to use DGBL. The proposed model’s path coefficient of behavioural
intention to use DGBL in STEM higher education was found to be significant and consistent
with earlier studies, between 40-60% [41,43-45].

The original TAM constructs of attitude, perceived usefulness, and perceived ease of
use were found to have positive and significant relationships to behavioural intention to
use DGBL. All three hypotheses were supported: H-1: (8 = 0.60. p < 0.001; H-2: (8 = 0.49,
p <0.001); H-3: (8 =0.33, p < 0.001); H-4: (8 = 0.25, p < 0.001). That is, STEM pre-service
teachers believe it is within the interest of teaching and learning to use DGBL. Learning
strategies (LS) results suggest no significant effect with PU H-5: (8 = 0.12, p < 0.25). The
study findings indicate that participants did not perceive integrated learning strategies
influencing their behavioural intention to use DGBL. However, learning theories showed a
positive influence on pre-service teachers’ perceived ease of use H-6 (8 = 0.24, p < 0.003).
Learning opportunity (LO) was found to be a strong determining factor for STEM pre-
service teachers’ behavioural intention to use DGBL. Pre-service teachers believe that DGBL
provides diverse learning opportunities that suit their needs in STEM-related subjects, the
strongest predictor of PU (H-7: § = 0.40, p < 0.001) and PEoU (H-8: B = 0.24, p < 0.001).
The findings are consistent with those of [24,41], suggesting a strong intent to use DGBL
if it is focused on digital skills, opportunities to experiment with knowledge, and control
of the learning process in a fun environment. Cognitive engagement (CE) was observed
to be a determining factor for STEM pre-service educators’ behavioural intention to use
DGBL, with positive and significant effect on PU H-9: (§ = 0.24, p < 0.001) and PEoU
H-10: (8 = 0.16, p < 0.003) supported, suggesting DGBL has the potential effect of intrinsic
motivation influencing its usefulness and ease of use as a learning approach. Similar views
were noted in the literature: cognitive engagement in game playing affected academic skills
and learning strategies positively [45].

The findings contribute to the potential impact of learning strategies, learning oppor-
tunity, and cognitive engagement towards DGBL adoption in South Africa universities.

6. Conclusions

This study has delved into the critical realm of digital game-based learning (DGBL)
within the context of higher education, focusing specifically on the perceptions of pre-
service teachers in a South African university. The increasing demand for self-directed
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learning, coupled with the imperative to sustain pedagogies that cater to diverse social
contexts, underscores the significance of integrating STEM education content into digital
games. This integration not only fosters digital societies but also provides contextualised
learning opportunities and access to digital resources, particularly in developing countries
such as those in Africa. The research has employed the Technology Acceptance Model
(TAM) as a theoretical framework, investigating the acceptance and perceptions of pre-
service teachers towards DGBL. The utilization of a quantitative survey design involving
255 participants revealed a favorable acceptance of DGBL among pre-service teachers. The
model, validated through Partial Least Squares Structural Equation Modeling analysis,
demonstrated a commendable explanatory strength of 59%, affirming the robustness of the
proposed framework.

Significant insights emerged from the findings, highlighting positive perceptions of
pre-service teachers towards DGBL. Notably, perceived learning opportunities, learning
engagement, and learning strategies played pivotal roles in shaping these perceptions. The
study unveiled a strong inclination among pre-service educators for DGBL as an approach
that offers diverse learning opportunities, high engagement levels, and contextualised learn-
ing experiences. These findings contribute substantially to the broader fields of research
in educational game design and implementation. The implications for contextualised self-
directed learning with DGBL are profound, especially in regions where digital education is
still in the nascent stages of acceptance. As the digital landscape continues to evolve, the
insights gained from this study provide valuable guidance for future research endeavors in
curriculum development, and the design of educational interventions that leverage digital
games for sustainable development of diverse digital skills and lifelong learning.

The survey scope of study was, however, limited to one university and does not
advance to the actual use of DGBL, but rather uses statistical models to predict its use
through behavioural intention. This could result in limited generalization of the findings.
The study is geographically limited to South Africa, and the northern KwaZulu Natal
province, a rural region. In essence, this research not only reinforces the viability of DGBL
as a pedagogical tool but also underscores its potential to address the unique challenges
faced by developing countries.

As we move forward, it is imperative to build upon these findings, fostering a col-
laborative effort between researchers, educators, and policymakers to further integrate
DGBL into educational practices. Therefore, future studies can replicate the investigation
towards the actual use of DGBL across faculties and /or universities, thereby addressing
and nurturing a generation equipped with the digital skills necessary for the complexities
of the modern world.
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