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ABSTRACT

The use of digital technologies is a fundamental part of being a
university student. Hence, there is a growing interest in equipping
students with the skills they need to thrive in a world that is full of
technology and constantly changing. Moreover, the need to
provide university students with the skills they need to succeed in
a rapidly changing, technologically advanced society is also
growing. It has become more common for students to learn
mathematics using digital technologies and conventional
techniques as a result of recent advancements in both the world
and technology. To ensure the future of mathematics students
and society for sustainability, technology, and education should
collaborate. The study investigated how students felt about using
digital technology to teach mathematics. This study employed a
case study design and was qualitative in nature. The technology
Acceptance Model was employed as the theoretical framework
which explains how to encourage users to accept and utilise new
digital technologies. Twenty second-year mathematics students
who were specifically chosen to be information-rich participants
made up the study's participant pool. Data were collected using
semi-structured interviews. The collected data was analysed using
thematic analysis. The findings revealed that students had a
positive attitude towards embracing digital tools to learn
mathematics. However, they encountered some difficulties as
they were learning mathematics using digital tools.
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INTRODUCTION

Under the present educational framework, students should be the facilitators of knowledge
acquisition rather than the information dispensers that they have historically been, especially in
higher education institutions. It has become more common for students to learn mathematics
using digital technologies and conventional techniques as a result of recent advancements in
both the world and technology. As a result, academic research has concentrated on different
digital technologies to facilitate student learning. Additionally, there is a growing interest in
arming students with the skills needed to thrive in a domain full of technology and constantly
changing. The need to provide students with skills they need to thrive in a fast changing,
technologically advanced society is also growing. To ensure the future of both students and
society in the twenty-first century, technology and education must collaborate. The paper aims
to explore the students’ views on the use of digital technology in mathematics education.

A study on the difficulties of blended e-learning instruments in mathematics was carried
out by Umoh and Akpan (2014). The overall findings showed that students' perceptions of the
difficulties associated with blended e-learning technologies differ significantly. Therefore, the
institutions and instructors must evaluate the perceived potential and limitations of blended e-
learning. Furthermore, they should also provide different students studying mathematics with
useful support, including a Virtual Learning Environment (VLE). Henderson et al. (2017) mention
that while some research suggests that digital technologies have a big impact on students'
academic experiences, teaching and learning at universities on the other hand are not changing
as a result of these technologies. Hence, lecturers should temper their excitement about the
possible advantages of technology-enabled learning and have a deeper knowledge of the
realities of students' interactions with digital technology. According to a study by Lopez-Pérez
et al. (2011), using blended learning can improve exam scores and lower dropout rates.
Furthermore, a relationship exists between the students' opinions about blended learning and
their age, background, and attendance rate in class, as well as the blended learning activities
that determine their final grades (Ariza, 2011). The findings of the study conducted by Agustina
and Cheng (2020) revealed that web-based learning is incapable of producing the desired results
in developing countries like Indonesia, where a sizable percentage of students cannot afford to
use the internet because of financial difficulties and specialization. In addition, the lack of face-
to-face engagements with the teacher, reaction time, and absence from typical homeroom
sociability were a few more problems that advanced education understudies had. According to
Gqoli (2022), it will be advantageous to incorporate interactive technology, such as mathematics
apps, into a play-based learning environment for mathematics. Therefore, students who do not
learn about technology and how to use it will be at a significant disadvantage in the future.

LITERATURE
This shift in education is being driven by technology, which is rapidly assimilating into society
and can meet the needs of the forthcoming generation of learners (Taber, 2017).
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Digital Technologies and Mathematics

Becker et al. (2017) and Bullen and Morgan (2015) mention that digital technologies constitute
a crucial aspect of teaching in higher education. Furthermore, students use a variety of
technologies that are presented to them in order to enhance their learning through integration
with formal learning environments. According to Crompton, Burke, and Gregory (2017),
proactive programs that demand lifelong learning attitudes are necessary as universities
prepare students for the 21st century, replacing reactive techniques and the learning of short-
term abilities. Consequently, it is projected that digital technology will be crucial in changing
training and education to facilitate deeper, higher-order learning, particularly in mathematics
(Howard et al., 2015). Additionally, as noted by Haleem et al. (2022), digital technologies are a
useful tool that can improve education in a variety of ways, such as by providing innovative
methods of teaching and learning and by making it easier for teachers to design lesson plans. As
a result, digital learning encourages students to think beyond the box and builds their creativity
and sense of accomplishment, which inspires them to learn more.

Numerous studies by Salinas and Crosetti (2018); Norman, Din, Nordin, & Ryberg (2014);
Sleeman, Lang, and Lemon (2016), have shown that a broad range of rapidly evolving tools are
at the center of the changes brought about by the integration of digital technologies in higher
education teaching and learning. Therefore, the time lecturers and students spend interacting
is now flexible and extends outside of the classroom through engagement, content sharing,
connections, and communication. Additionally, internet-based digital tools, like, social media
and Web 2.0, for example, have altered the game by helping students in their daily social lives
and potentially fostering greater collaborative learning and student autonomy (Salinas &
Crosetti, 2017; Sleeman, Lang, & Lemon, 2016). Hence, the traditional boundaries between
formal and informal learning settings, the utilisation of certain instruments for learning and
individual usage across learning spaces have become vaguer as digital technologies have been
adopted extensively in higher education. In the contemporary world, digital technologies is now
an inseparable part of our everyday lives. From the way we communicate, work, and access
information to how we entertain ourselves and manage our homes, digital technologies have
transformed the way we live. Additionally, digital technologies have expanded access to
education through online courses, e-learning platforms, and digital libraries. Therefore, they
offer personalized learning experiences and make education more inclusive.

The foundation of current frameworks for defining digital competence is a combination
of technological and pedagogical determinism, wherein teachers and technology are viewed as
agents of change (Fawns, 2021) and wherein teachers' agency in selecting and utilizing tools and
methods to integrate technology into the classroom defines their digital skills (Department of
Education and Skills, 2015; Redecker & Punie, 2017). Hence, using digital technology in
universities has become a tactic that lecturers can employ to influence students' learning and
assist their educational practices (Casey et al., 2016; Casey & Jones, 2011). However, it is crucial
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to remember that utilizing technology for purposes other than learning facilitation will not
improve the educational process (Bodsworth & Goodyear, 2017).

Digital technologies have revolutionized the teaching and learning of mathematics,
making it more accessible, engaging, and adaptable to individual needs. As technology
continues to advance, the connection between digital technologies and mathematics will
continue to evolve, offering new opportunities for both lecturers and students. However, some
students in rural areas may face challenges in terms of access to quality educational resources
and instructors. Hence the study explored how students perceive the use of digital technologies
in their learning of mathematics in rural higher education institutions.

Digital Literacy

Gilster (1997) described digital literacy as the capacity to comprehend and make use of data
collected from many sources in a variety of formats via computers. Furthermore, Belshaw (2014)
mentions that digital literacy is about the individual's capability to interpret and manage
information and content in digital, online spaces. Therefore, digital literacy encompasses not
only the technical skills required, but also the ability to critically assess using electronic
instruments, effective information communication, and engaging responsibly in digital
environments. Additionally, digital literacy is about being able to adapt and thrive in the digital
age, where technology is an integral part of our personal, academic, and professional lives.
Moreover, digital literacy is not only a valuable skill but a necessity for students, especially in
higher education (Hamakali & Josua, 2023; Kilinc et al., 2023; Moyo et al., 2022).

According to Cartile (2020), digital literacy is especially crucial in online and blended
learning settings since these learning environments require students to be able to use digital
tools and platforms to interact with classmates and instructors as well as engage with course
material. Furthermore, as many businesses demand digital skills and capabilities from their staff,
digital literacy is becoming more and more significant in the labour market. As a result,
universities have an obligation to give students the chance to advance their digital literacy and
get ready for life in the modern digital world. Czerniewicz (2012), revealed that an in-depth
report on digital access and use in South African universities emphasised the importance of
taking into account the wide range of literacies that students engage in and the innovative ways
they exploit technologies. The importance of the cell (mobile) phone as a form of objectified
cultural capital that can enable agency and disrupt institutional rules and norms also challenges
binary notions of literacy and illiteracy and what is meant by ‘skills’ or literacies (Czerniewicz &
Brown, 2012). Therefore, some students at first felt excluded by the digital literacies discourses
that predominate in academic settings, even though some managed to find ways around it. The
literature mentioned a lot about the literacies the university students engage in and the
innovative ways they use to exploit technology. However, little or nothing is mentioned in the
literature about the digital literacy that rural university students should utilise during their
learning.
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Digital literacy, according to Belshaw (2011), is the capacity to recognize and make use
of technology in a self-assured, imaginative, and critical manner in order to effectively negotiate
the challenges and expectations of working, studying, and residing in a digital society.
Furthermore, it empowers students to learn, communicate, and excel in an increasingly digital
and interconnected world, while also preparing them for the demands of the modern
workforce. Hence, higher education institutions should prioritize digital literacy as an integral
part of their educational programs to equip students for success in the 21st century.

Digital literacy in mathematics is vital in today's educational landscape. It enhances the
ability to learn, apply, and communicate mathematical concepts effectively in a digitally
connected world. Furthermore, digital literacy in mathematics can significantly improve one's
mathematical capabilities. Additionally, it can empower students in rural universities to develop
essential skills for modern careers and contribute to the economic and social development of
their communities. However, it's crucial to address the challenges associated with technology
access and ensure that digital initiatives are inclusive and effective in these settings.

Barriers to Accessing and Utilizing Digital Technologies for Mathematics Education
Arthur-Nyarko, Agyei, and Armah (2020) identified specific challenges that students may
encounter when utilizing digital learning materials. These challenges include limited internet
access, expensive internet data, small mobile device screens, and expensive digital device costs.
In addition to the successful use of digital technologies across a range of modules including
mathematics. Furthermore, Kim, Lee, Spector, and DeMeester (2013) mention that several
factors prevent digital technology from being used effectively for teaching and learning. These
factors include students who lack the necessary training to adopt and use digital technologies,
a lack of internet access technological facilities and equipment, and poor physical infrastructure
conditions (Kim, Lee, Spector & DeMeester, 2013). Therefore, these challenges can limit
students’ access to digital resources. Numerous barriers that prevent students from using digital
technology to learn mathematics are mentioned in the literature. Nevertheless, very little is said
about the reasons why digital technologies are not utilised more effectively in rural higher
education institutions.

In their analysis of the intricate relationship between technology, mathematics, and
education, Roberts, Leung, and Lin (2013) point out that this intricateness is inherent to the use
of instruments in mathematics and is not a product of modern technology, but rather something
that is seen every time someone uses these tools. The quick advancement of digital tools has
led to the creation of new capabilities that were previously unthinkable. In mathematics
education, the use of both digital and physical tools remains highly valuable, even with the
advancements in technology (Maschietto & Trouche, 2010).

Cartile (2020), revealed that the barriers to accessing and utilizing digital technologies
for mathematics education in higher education may be a lack of appropriate digital resources
and tools for mathematics education at the college level, or the available resources may not be
aligned with the curriculum or standards. Furthermore, other barriers may include cultural or
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attitudinal barriers to the use of technology in mathematics education, such as a belief that
traditional teaching methods are more effective or a fear of technology replacing faculty. There
has been a lot of writing in the literature regarding potential obstacles to the use of digital
technology; however, little has been spoken regarding these obstacles in rural higher education
institutions.
Objectives
e To determine the extent to which digital technologies are currently being used for
mathematics learning in rural higher education settings.
e Toidentify the barriers that rural students face when it comes to having access and using
digital technology for mathematics education.

THEORETICAL FRAMEWORK
The Technology Acceptance Model (TAM) developed by Davis (1989) serves as the theoretical
framework for the study. According to Davis (1989), the TAM serves as a lens through which
data analysis and interpretation are conducted to explore the factors that impact secondary
students' interest in online interactions via digital technology. When examining the impact of
human factors on the adoption of new technologies, lecturers consider TAM to be among the
most influential and frequently used to characterise an individual's acceptance of a given
technology (Silva, 2015). TAM is used in the study to help researchers understand how students
perceive and are willing to adopt digital technologies for mathematics learning. According to
the concept, when consumers are introduced to new technology, several factors affect their
choice of when and how to utilize it (Silva, 2015). TAM looks at people's intentions, beliefs, and
use of technology. TAM uses perceived utility and ease of use to ascertain intention, which then
influences use. Hence, the model can help identify the key factors influencing students'
decisions to use or not use digital technologies for mathematics learning.
Figure 1.
Technology Acceptance Model by Davis (1989)

Perceived
Usefu ness

Intention to Actual use
use

Perceiv 2d Ease
of Use

The anticipation of favourable behavioural consequences and the conviction that
conduct won't require a lot of work are captured by perceived utility and simplicity of use (Dauvis,
1989). Per the model, there exists a positive correlation between an application's perceived
simplicity of use and its perceived value for the user, as well as its ability to encourage
technology adoption (Davis, 1989).
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METHODOLOGY
Research approach and design
The study used a qualitative research methodology. According to Creswell (2018), the
researcher can gain a deeper understanding of a phenomenon by using a qualitative research
approach. A case study was also employed as the design. According to Yin (2014), a case study
is utilized to gain a thorough understanding of a real-life phenomenon (digital technologies).
Participants’ selection
The population for the study were second-year mathematics students in the Faculty of
Education of a rural university in South Africa. Purposive sampling was used to select the study’s
participants which included 20 second-year mathematics students. The participants were
selected as the information-rich participants. The purposive sampling allowed the researcher to
make a “judgment” and select criteria to identify the most appropriate participants (Pietersen
& Maree, 2016).
Instruments for data collection
Semi-structured interviews were employed in the study to get insight into students'
perspectives in relation with the application of digital technology in mathematics education in
real-world context (Nieuwenhuis, 2016b). To address the specified objectives, probes were
utilized as motivation to obtain clarity (Nieuwenhuis, 2016b). The study used an interview guide
containing questions about the students' opinions regarding digital technology in mathematics
education, which was the phenomenon under investigation (Creswell & Creswell, 2018). Data
was gathered during the interviews using a recording tape and the participants were asked
follow-up questions.
Data analysis
The collected data were analysed using thematic analysis by Creswell (2018), which divides data
into segments and then proceeds to assign codes, categories, and themes to those segments.
According to Creswell (2018), data were analysed using thematic analysis in the following three
processes, which are as follows:
1. Organizing the data and defining the code is the first step.
2. Creating the categories and codes is step two.
3. The third step is creating themes and sub-themes.
Ethical considerations
The researchers made sure that every aspect of the participants' vulnerability, protection from
harm, informed consent, and rights was taken care of.

FINDINGS
This part of the study examined how students perceive the use of digital technologies in their
learning of mathematics. For confidentiality and anonymity, pseudonyms were used e.g., S1 for
student 1, S10 for student 10, etc. Additionally, the results were organized into themes and sub-
themes:
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Theme 1: The extent to which digital technologies are currently being used for mathematics
learning in rural higher education settings.

The results showed that students felt positively about using digital resources to learn math.
Students claimed that digital technology has affected the manner in which they learn in the
classroom. Additionally, they were motivated to bring computers to class as they were being
taught digital proficiency.

Positive attitude towards embracing digital tools.

Most of the students showed a positive attitude toward using digital technologies.

S2: “I think the reference materials (videos, PowerPoint files, articles) and assignments posted
by my teacher in Edmodo or Quipper helped me to improve my learning and to understand the
contents/ topics of the lesson better”.

S8: “Technology is convenient to use, especially in submitting assignments. | think online
activities and discussions in Edmodo or Quipper can motivate me to learn more about the
lesson”.

Some students revealed that they not only listen to the mathematics lecture but also
watch it on the screen which facilitates visual learning for youngsters. Additionally, the
mathematics material in practical sessions in digital classrooms makes students pay greater
attention to details through interactive online presentations.

Visual mathematics learners

$12: “We don’t only listen to the lecturer during mathematics class, but we also have access to
visual representations of mathematical concepts through graphs, charts, and simulations. We
are happy that these visual aids make abstract concepts more concrete and understandable”.
$10: “We find digital tools for mathematics engaging and interesting. Interactive simulations,
games, and visual representations make abstract mathematical concepts more accessible and
enjoyable”.

S14: “I am a visual learner so feeling like | was teaching myself by reading the textbook or just
listening to my teacher proved to be very difficult for me”.

S16: “Digital tools often help students visualize complex mathematical concepts. Graphs,
diagrams, and interactive 3D models make it easier to grasp abstract ideas”.

$18: “Using digital mathematics tools also helps them develop essential technology skills, which
are increasingly valuable in the modern world”.

$19: “Students use online resources, including video tutorials, forums, and educational websites,
to supplement their math learning. They find these materials helpful for explanations and
practice”.

Theme 2: Barriers that rural students face when it comes to accessing and utilizing digital
technologies for mathematics education.

While many students find digital tools in mathematics learning beneficial, several challenges
and concerns can influence their perspectives on using such tools. Here are some common
challenges that students may face when using digital tools for mathematics learning.
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Lack of access to digital gadgets and internet connections
S2: “We experience the challenges of technical problems, such as slow internet connections,
device compatibility issues, and software glitches which disrupt the learning process of our
mathematics and frustrate us”.
S7: “Not all of us have equal access to digital gadgets and the internet and this creates disparities
in our learning opportunities and those without reliable access may feel left behind”.
S9: “We are not the same and students from economically disadvantaged backgrounds have
limited access to digital gadgets and, as a result, face a challenge in their mathematics learning”
Lack of Digital Literacy
The findings of the study revealed that some students may lack the necessary digital literacy
skills to effectively navigate and use digital math tools, leading to frustration and inefficiency.
Furthermore, students who lack digital literacy skills may struggle to access and utilize online
educational resources, including textbooks, interactive learning platforms, and research
databases. This is worrisome as it might hinder their ability to engage with modern educational
materials and activities. These are the student's responses:
Loss of traditional skills
S6: “Some students may still prefer traditional pen-and-paper methods for certain mathematical
tasks and find digital tools less effective for these tasks”.
S11: “Students may become overly reliant on digital tools for mathematical tasks, potentially
neglecting the development of problem-solving and critical-thinking skills”.
S14: Some students prefer tactile learning experiences and believe that digital tools lack the
physical engagement and sensory feedback that paper-and-pencil methods provide”.
$10: Some students worry that heavy reliance on digital tools might lead to the loss of essential
skills like mental math and paper-based calculations”.

Some students believed that traditional paper-and-pencil mathematics allows tactile
engagement, which some students find beneficial. Digital tools may lack this physical dimension.

DISCUSSION OF THE FINDINGS
Digital tools have enabled higher education through various Learning Management Systems
(LMS). The study's conclusions demonstrated how LSMs have supported online learning
environments in which instructors may communicate with students face-to-face, exchange
resources, give lectures, evaluate their progress, get feedback, and address any questions they
may have. Gqoli (2022) further states that integrating interactive technology, such as math apps,
into a play-based learning environment for mathematics will be beneficial. Moreover, the
findings also revealed that most students were happy about the use of digital technology in their
mathematics teaching and learning. As a result, lecturers at HEls are now using digital
technology as a persuasive tactic to enhance their educational strategies to mathematics and
the learning of their students (Casey et al., 2016; Casey & Jones, 2011). Technology can also
make it easier for students to understand how mathematics is used in real-world situations,
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which can boost their enthusiasm and interest in the subject as they realize how applicable it is
to a variety of situations.

The majority of students believe that since digital technologies will eventually replace
physical labour and classes, they will offer them numerous learning opportunities and boost
their academic achievement. In a similar vein, Silva (2015) found that the TAM implies that
variety factors influence users' decisions regarding when and how to employ new technologies
that are introduced to them. According to the data, a greater proportion of pupils believe that
using digital technology in mathematics would enable them to study more efficiently. Students
can complete assignments, communicate with classmates, access study materials, and
communicate with teachers virtually from any location with an internet connection.

The outcome of the study on digital literacy showed that the digital intervention
enhanced students' perspectives of their roles and future prospects by directly improving math
proficiency and indirectly raising mathematics self-efficacy. Belshaw (2014) mentions that
digital literacy is about the individual's capability to interpret and manage information and
content in digital, online spaces. The literature provides great mention of the effects that digital
literacy has on students' learning of mathematics. Nevertheless, there is little to no mention of
how vital it is to develop digital student-directed educational technology with a purpose and
coherence, particulary for students who might have specific learning needs. Digital mathematics
intervention is necessary to incorporate instruction and other research-based tactics into a
mathematics curriculum because mathematics is a comprehensive. Therefore, it is crucial to
remember that utilizing technology for purposes other than learning facilitation will not
enhance the educational process Bodsworth and Goodyear (2017).

Although the students supported the use of digital technologies in their teaching and
learning, they encountered some difficulties as they were learning mathematics using digital
tools. The findings revealed that access to technology and internet connectivity can be barriers
for some students, which may lead to feelings of frustration and inequality. Furthermore, Umoh
and Akpan (2014) discuss the difficulties with integrated e-learning tools in mathematics, noting
a notable variation in students' assessments of these difficulties. Classrooms are being
redesigned and recreated in many ways consequently technological advancements in order to
satisfy the rising demands of contemporary digital learners.

Thus, the issue goes beyond how technology is used at universities to include how
students from diverse backgrounds accept, perceive, and use it as well as how the technocratic
"mindset" of higher education impacts their experiences. Addressing these barriers through a
multi-faceted approach that includes providing access to technology, offering professional
development opportunities, developing appropriate digital resources and tools, and addressing
cultural and attitudinal barriers can help to improve digital literacy in higher education Cartile
(2020).
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CONCLUSION

In conclusion, the integration of digital technologies in mathematics education generally aligns
with positive student perspectives. The advantages include increased engagement, flexibility,
and collaborative learning opportunities. However, addressing challenges related to technology
access and ensuring an inclusive learning environment remain important considerations for
educators and policymakers. As the landscape of digital education continues to evolve, ongoing
research and feedback from students will be essential to inform effective and inclusive
educational practices.

Limitations

The study's focus was solely on rural university students as units of analysis, and the results are
only applicable to the sample of twenty mathematics students in the Faculty of Education.
Hence the study used a small sample, generalizations to the entire population are difficult to
establish. As a result, future research should use a combination of methods to give population-

level evidence.
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