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Abstract: Education institutions worldwide implemented remote teaching and learning to ensure the
sustainability of their academic programmes and continuity of study. However, evidence from the
literature revealed that remote teaching and learning posed challenges to teaching and learning. This
study seeks to explore whether there is a relationship between remote teaching and learning and the
challenges faced by preservice mathematics teachers when learning mathematics education during
COVID-19. It focuses on remote teaching at four universities: two in South Africa, one in Ghana, and
one in New Zealand. The study design followed a quantitative research approach, with 95 preservice
mathematics teachers from the four universities randomly assigned to complete an online survey
after signing informed consent forms. This study revealed two challenging factors facing preservice
mathematics teachers during remote teaching and learning: data, and technological devices for
learning. The findings revealed no significant difference (p < 0.000) between remote teaching and
learning and the challenges faced by preservice mathematics teachers when learning during the
COVID era. Therefore, the null hypothesis is rejected, since p < 0.05. This study concludes that a
significant relationship exists between accessibility to technological devices for learning as a challenge
to preservice teachers and remote teaching and learning during COVID-19. It is recommended that
appropriate technological devices are provided to assist preservice teachers to study mathematics
education, thus ensuring continuing access to quality education.

Keywords: sustaining teacher education programme; challenging factors; COVID era; preservice
teachers; remote teaching

1. Introduction

At the beginning of 2020, COVID-19 cases spread into many countries, prompting the
World Health Organization to declare a coronavirus pandemic [1]. Each country tried to
curb the spread within its borders through mandated lockdowns and social restrictions.
These mandates affected educational institutions and their responsibility to students en-
rolled in tertiary programmes of study. To sustain the programmes and the integrity of
teaching and learning, institutions responded by shifting their delivery mode from face-to-
face to online; however, this led to many preservice teachers (PSTs) and teacher educators
at universities in South Africa and worldwide experiencing challenges during remote teach-
ing and learning. Most institutions lacked the necessary staff and resources to handle the
unprecedented delivery of instruction online, and many students were both intellectually
and practically unprepared for the shift to online learning [2]. Challenges included issues
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with resources such as computers and internet connectivity. Some PSTs reported frequent
problems with internet quality, while others explained how rising demand was causing
internet services to slow or even stop [3].

Teacher educators were forced to adapt and present their instruction online to ensure
the continuity of teaching and learning during this time of crisis. König, Jäger-Biela, and
Glutsch [3] state that teachers had to change to online teaching, which required them to use
various digital tools and resources to solve problems and implement new approaches to
teaching and learning. The emergence and threat of COVID-19 thus brought with it a set
of challenges for teacher educators, students, and other stakeholders of higher education
institutions.

According to Shim and Lee [4], teachers and students had difficulty adapting to
the online teaching during COVID-19, identified in the literature as emergency remote
teaching (ERT), since unlike the existing online learning, it did not have a planned class
design. Zhang and Lin’s [5] study found five challenges that impede teachers in delivering
instruction online. Firstly, teachers faced the challenge of effective instructional design
for teaching and classroom management, and it was also hard to monitor students online.
Teachers lacked adequate competence for teaching online, with some having challenges
with online interaction, while others had issues with online interactive strategies as well
as with monitoring students and engaging them in learning. Teachers recounted their
challenges in assessing students online, as they could not find an effective way to carry
out whole-class assessment or formative assessment because of limited instructional time.
Online teaching increased teachers’ workload, since they spent a lot of time preparing
multimedia lectures and may have had to offer additional offline individual or group
tutoring. Finally, teachers highlighted that it was hard to meet all the learning needs of
students in online spaces [5].

Contributing to the debate, Ning and Corcoran [6] averred that ERT made teachers
powerless, as they found that not all students could or were willing to show up for online
classes. The foregoing review made it clear that teachers’ shift from face-to-face delivery to
online ERT because of the pandemic was met with some challenges, which affected PSTs
being prepared to become practitioners after training. Researchers are exploring educators’
and PSTs’ experiences to determine how to improve current teaching and learning [7].

Studies on ERT during COVID-19 mostly focused on PSTs’ experiences [8,9], their
readiness for ERT [10], and PSTs’ training during the pandemic [11]. Most of the literature
reviews found some challenges associated with PSTs’ learning and training during the
pandemic. For example, Ergulec and Eren found that PSTs were faced with pedagogical,
technological, and socio-emotional challenges in the COVID-19 crisis era [8]. Sepúlveda
et al. [11] posited that the lack of live communication between PSTs and their learners
was one of the major challenges of online teaching practicum. However, to date, there
is limited research on whether these identified challenges encountered by PSTs correlate
with or depend on each other. This current study seeks to address this gap by exploring
challenging factors faced by PSTs during ERT.

2. Review of the Related Literature
2.1. Online Teaching and Social Interaction

Many teacher education programmes switched to the online mode of instruction in
order to continue training prospective teachers during the pandemic. Lasfeto [12] states
that the abrupt move to online education during the pandemic led to concerns about quality
of learning, efficacy, learning outcomes, and students’ happiness. Another issue of concern
during this transition was social interaction. According to Baber [13], socialisation refers to
the ability to mingle and form connections, communicating with one another, sharing ideas
and information, and confirming connections through agreed-upon methods. While online
learning allows enough time for instructors to prepare their lectures, quick interaction
between instructors and learners is lacking [13].
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Several studies have proposed definitions for most frequently used interactions in the
online space. Moore [14] mentioned in the studies of Alqurashi [15] and Shukor et al. [16]
that online interaction can take three forms: instructor–learner, learner–learner, and content–
learner. Interaction is defined as the process of constructing a meaningful exchange of ideas
among more than two people. Shukor et al. [16] observed that while interaction is impera-
tive in collaborative learning, being a silent learner can also be of benefit when working
online. According to [14], interaction is the most crucial factor for determining perceived
outcomes in online learning. In contrast, Fredrickson [17] and Dahlstrom et al. [18] found
no empirical relationship between interaction and perceived learning outcomes.

2.2. Learning Management Systems

There were many dramatic changes after the outbreak of COVID-19, with education
being one of the most affected areas. Institutions of higher learning transitioned from face-
to-face interaction to working online because of the sudden need for physical distancing.
Teaching and learning which used to be performed face to face were moved to the virtual
space (online). Every institution of higher learning adopted a Learning Management
System (LMS) as part of their teaching and learning tools to improve the effectiveness of
the facilitating and learning environment [19]. LMSs were implemented by institutions to
manage online learning and teaching, with varying support for teachers and students [20].
Hence, the LMS emerged as a prime channel in higher education, and both staff and
students faced significant changes [21]. Viner et al. [22] posit that delivering courses
through the adaptation of technology such as LMSs failed at all institutions, with some
institutions failing to run online classes and thus ceasing tuition due to a lack of resources.
Also, online instruction through LMSs has often not delivered the same or similar levels of
engagement between faculty and students [23] as to prior to the pandemic.

2.3. Challenges to Online Teaching and Learning

Teachers have the agency and authority to design and carry out effective mathematics
instruction while students make sense of and validate mathematics arguments, a challenging
process [24]. Facilitating productive discourse in an online setting is challenging because it
is outside of the ordinary [25]. According to Ruef and colleagues [21], many mathematics
teachers and their students face this challenge while engaging in the online environment.

Challenges in online settings are not new. The extant literature has documented some
of these challenges, even before COVID-19. For example, Engelbrecht and Harding [26]
catalogue many of these challenges of online teaching and learning as including limitations
to opportunities for collaboration and communication, cognitive tools, internet resources,
and online assessment. They also reported problems such as teacher reluctance, isolation,
and inexperience in teaching online. Related studies on the challenges faced due to the sud-
den switch to online teaching and learning during the pandemic include Calder et al.’s [27]
on the experiences of three mathematics education students in New Zealand. The authors
reported childcare, lack of direct interactions with peers, and converting homes to home
offices as some of the major challenges enumerated by participants. In South Africa, Mbhiza
and Muthelo [28] investigated 52 mathematics education students’ active practises, experi-
ences, and reflections during COVID-19, and challenges included the availability of data
and the quality of internet connections. Similarly, in their study on pre-service mathematics
teachers’ experiences of online learning in Ghana, Ngcobo et al.’s [29] found poor internet
connectivity, the cost of data bundles, erratic power supply, and lack of appropriate devices
to be some of the challenges experienced.

Although challenges associated with teaching and learning in an online space have
been documented, little is known as to whether there is any correlation between these
barriers. Our study therefore seeks to find out whether there is a correlation between
the challenges that pre-service mathematics education students encounter during online
learning.
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2.4. Sustainable Education

Education for sustainable development 20230 as noted in UNESCO is a response to
urgent challenges the planet faces, such as change to the earth’s ecosystems that make
survival seem endangered. The COVID-19 pandemic caused a disruption of the educational
system across the globe, and to ensure sustainability educational institutions responded
promptly by going online. This led to the introduction of technological policies and
new innovative technologies in educational institutions, especially institutions of higher
learning. Transformative and sustainable pedagogies took centre stage.

3. Theoretical Framework

This study is framed within an integrated model of online/distance education of Pic-
ciano [23]. The model has seven components: content; collaboration and student-generated
content; self-paced, independent study; dialectic questioning; evaluation assessment; social
and emotional; and reflection. Drawing from the seven components, we focused on the
challenges experienced by pre-service mathematics teachers during remote teaching. In his
description of the model, Picciano [23] firstly explains that not every course will incorporate
all seven components; however, pedagogical approaches’ objectives drive the components
to be utilized at a particular time. When explaining the key constructs of the model, content
is considered to be the major element in navigating teaching and learning, and this can be
carried out in several ways [23]. Therefore, preservice mathematics teachers need to be
able to know how to navigate the content taught during ERT and learning. Secondly, the
model emphasis the need for students to collaborate, and this is achieved through using
web-based tools that allow students to work together through messaging, file sharing, and
assessments [30]. In the four institutions participating in this study, Blackboard was the
commonly used teaching and learning platform for sharing, assessments, and messaging.
Another component highlighted in this model is self-paced independent study, which refers
to students working on their own, without direct interaction with the other students or
the teacher [27]. Through using Blackboard, students can listen to the presentation at any
time or place, and at their own pace, allowing students to interact with the content and
reflect on what has been taught. As purported by Siat [31], dialectics or questioning are an
essential activity in online teaching, as this allows faculty members to probe what students
know to help refine their knowledge of the content taught. Figure 1 below illustrates the
integrated online/distance education.

Figure 1. Integrated model of online/distance education (adapted from Picciano [23], p. 182).
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4. Research Question

The research question in this study is as follows: Is there a significant relationship
between challenges faced by preservice mathematics teachers and learning through remote
teaching and learning during COVID-19?

5. Research Methodology

This study used a quantitative research approach with a descriptive online cross-
sectional survey to investigate the challenges preservice mathematics teachers faced in
the COVID-19 era. Drawing from the seven components of the model, we designed the
questionnaire to explore, for example, challenges with learning the content, usage of the
tools to navigate the content, to collaborate, to engage in self paced independent study,
etc. We collected data from different fourth-year preservice mathematics teachers in the
four universities. The PSTs completed an online questionnaire through a Google Forms
link (https://forms.gle/3d9zU9kP7Rnuhb6W7, accessed on 3 September 2024) uploaded
on the LMS and WhatsApp messages by the teacher educators involved in the study. The
Google Forms link allowed for easy creation of a questionnaire (survey), emailing the link
inviting the participants, including a distribution list, and directly sending reminders from
the software. Potential participants were asked to complete the informed consent form to
indicate their willingness to take part in the study and agreement for the data to be used
for research purposes before being permitted to access the survey. Ninety-five students
completed the survey: 71 males (74.7%) and 24 females (25.3%). Cronbach’s alpha was
used to test the reliability (0.43) of the instrument, which was found to be moderate. This
suggested that the instrument’s reliability could be challenged.

Participants responded on a 5-point Likert scale: 1 = Strongly disagree, 2 = Disagree,
3 = Neutral, 4 = Agree, and 5 = Strongly agree. The questionnaire was divided into
three sections. The first section asked biographical or demographic questions about the
respondent’s age, gender, and year of study; the second section included 5 items to measure
challenging factors; and the third section comprised 5 items on enabling factors. Data from
the questionnaire are analysed below.

Data Analysis

Data from the online survey were analysed descriptively and inferentially using the
Statistical Package for Social Sciences (SPSS) version 24.0.0. Criterion means of 2.61 and
above were identified as acceptable for each survey item. Mean intervals of 1.00–1.80 (poor)
and 1.81–2.60 (unsatisfactory) were regarded as low, whereas 2.61–3.40 was satisfactory,
3.41–4.20 was very satisfactory, and 4.21–5.00 was outstanding. The level of significance
at which the hypothesis was tested was 0.05 using a t-test. The data which emerged from
responses to the questionnaire is presented in the next section.

6. Results

Descriptive and inferential statistics were adopted, where participants rated their
agreement or disagreement, specifically rating the challenges they faced in the virtual
settings of learning during COVID-19. The findings of the study are presented below.

The data in Table 1 show that the PSTs were not satisfied with the training that they
received on using technological tools such as Learning Management Systems (LMS) for
learning purposes. The inference is that the PSTs need training on the LMS to learn to navi-
gate the mathematics content for meaningful learning, as purported by [23]—navigating
content is critical in ensuring quality learning. In their study, Larbi-Apau Sampong and
Kwofie, cited in Naah [32], mooted that many lecturers were forced to post courses and
notes that were originally designed for in-person, face-to-face interactions in the online
classroom due to a lack of proper training, compensation, and support systems on using
digital tools to aid in content creation and development. In line with these findings, the
current study showed that PSTs felt that they were ill-prepared for online learning due to a

https://forms.gle/3d9zU9kP7Rnuhb6W7
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lack of training to use the technological tools and thus hindering their ability to navigate
content meaningfully.

Table 1. Preservice teachers’ description of remote learning.

Item N Mean Std Deviation

Did you receive training on the use of
Learning Management Systems (examples:
Moodle or Blackboard)

95 1.263 0.4427

In your opinion, what do you think best
describes remote teaching and learning? 93 3.172 0.9959

Table 2 shows the challenging factors experienced by the PSTs during remote teaching
and learning of mathematics. It is shown that the mean and standard deviation for data
and internet connectivity during teaching and learning (M = 4.474; SD = 0.9768) is higher
than technological devices for learning (M = 4.116; SD = 0.9878), social interaction with
other PSTs (M = 3.479; SD = 1.1334), teacher-centred learning (M = 3.191; SD = 1.2553),
knowledge navigating the online learning platform (M = 3.096; SD = 3.096), and training
on the use of LMSs (M = 1.263; SD = 0.4427).

Table 2. Challenging factors during remote teaching and learning of mathematics.

Item N Mean Std Deviation

Challenges with technological devices for
learning (examples: laptop, smartphone,
etc.)

95 4.116 0.9878

Data and internet connectivity have been a
challenge during teaching and learning 95 4.474 0.9768

Teaching of mathematics was
teacher-centred 94 3.191 1.2553

Lack of social interaction with other
preservice teachers and teacher educators 94 3.479 1.1334

Lack of skill or knowledge navigating
through the online learning platform (such
as LMS/Moodle/Blackboard)

94 3.096 1.3762

Having live mathematics lecturers online is
the same as face-to-face lectures on campus 95 1.884 1.0902

While the finding suggests that the PSTs’ challenges were associated with (a) lack of
data and instability internet connectivity, (b) not having suitable technological devices for
learning, (c) lack of social interaction with other PSTs, (d) use of teacher-centred approaches in
the teaching and learning process, (e) lack of knowledge on navigating the online learning
platforms, and lack of training on use of the LMSs, the technological devices for learning
and data and internet connectivity were regarded as challenges during COVID-19. The
integrated model for online/distance education articulates what needs to be in place for online
teaching to be successful, and the findings of this current study showed that not having the
appropriate technology tools or lack of training to use the technology tools coupled with
issues of connectivity exist. The findings about the challenge of internet connectivity agrees
with the finding from [30], stating that the main challenge encountered by the PSTs was due
to unstable internet connection, availability of loads, and Wi-Fi connection. Furthermore, PSTs
in this study highlighted the lack of social interaction as one of the challenges. The inferences
are that PSTs find it difficult to collaborate in an online setup.

Table 3 shows that the confidence level on challenges with technological devices for
learning had a high mean difference of 4.1158. The two-tailed test gave a p-value of 0.000,
which is less than 0.05, and hence a significant association was found between the challenges
to remote teaching and learning and technological devices. This agrees with the findings of
Katz et al. [33], who showed a meaningful relationship between communication challenges
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during remote teaching and learning and connectivity. This suggests that challenges with
technological devices and meaningful communication were major issues during remote
teaching and learning. There is therefore a need to improve communications and the provision
of technological devices to enable PSTs to study mathematics education effectively.

Table 3. Analysis of challenges with technological devices for learning (t-test).

Test Value = 0

t df
Sig.

(2-Tailed)
Mean

Difference

95% Confidence Interval of
the Difference

Lower Upper

Challenges with
technological

devices for learning
(examples: laptop,
smartphone, etc.)

40.610 94 0.000 4.1158 3.915 4.317

7. Discussion of the Findings

We explored whether there were significant relationships between the challenges faced
by preservice mathematics teachers and remote teaching and learning during the COVID-19
era. We focused on preservice mathematics teachers since they had to learn from home during
remote teaching and learning, although they had used to face-to-face learning.

A few studies identified a significant difference between challenging factors and
remote teaching and learning during COVID-19 [2,32]. These studies identified challenges
related to teaching practise, instruction, and support. However, this study identified
whether the challenges identified had a significant relationship with remote teaching
and learning during COVID-19. A significant relationship between remote teaching and
learning and challenges with technological devices for learning was found; however,
this relationship was not identified in the data for internet connectivity, teacher-centred
learning of mathematics, lack of social interaction with other PSTs and teacher educators,
and lack of skill or knowledge navigating through the online learning platform (such as
LMS/Moodle/Blackboard).

Drawing from the findings, while PSTs experienced challenges with remote teaching,
many of these challenges were not significant to an extent to compromise the quality of
education offered by these institutions. Therefore, the transitioning to remote teaching
and learning in the four institutions continued to allow them access to quality education;
however, there is a need for these institutions to ensure that PSTs are equipped with the
knowledge and skills to use technology and gain access to quality technological devices.

8. Conclusions and Implications

This study explored the challenges faced by PSTs during remote teaching and learning
during the COVID-19 era in four selected universities in three countries (South Africa,
Ghana, and New Zealand). Based on the narrative that remote teaching and learning posed
some challenges during COVID-19, it intended to identify whether there was a significant
difference between the challenges faced by PSTs during COVID-19 and remote teaching
and learning.

Five challenges were faced by PSTs during remote teaching and learning in the COVID-19
era; however, the findings only revealed a significant relationship between remote teaching
and learning and challenges with technological devices for learning among PSTs who partici-
pated in this study. Haleem, Javaid, Qadri, and Suman [34] posit that digital technologies are
important in the teaching and learning process because they enhance collaborative practises
between a student and teacher, and among students. Therefore, the findings of this study
suggest the need to provide students with adequate or appropriate technology devices and
capacitate them with the skills and knowledge to use them for the process of learning. The
importance of training students to effectively use technology tools for meaningful learning is
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also emphasised by [35]. In addition, in the online setup, technological tools should allow for
the effective engagement and participation of all stakeholders.
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