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Abstract: The current world crisis of COVID-19 has enforced international lockdowns in educational
institutions, necessitating that these institutions quickly transition to online learning. In mathematics
education studies, where collaborative problem-solving is considered a necessary pedagogical
approach, lecturers have had challenges incorporating collaborative problem-solving in an authentic
manner. There are now also complex living and learning contexts in which the students have
to undertake their learning processes. This paper examines students’ experiences of the rapid
transition to online learning and their perceptions of the advantages and barriers that ensued. A
small comparative case study was used to explore the complexity of the situation, within rich,
authentic settings. Questionnaires and semi-structured interviews were used. The participants found
that personal circumstances related to having children and partners at home while they studied, and
aspects such as not interacting directly with other students to clarify and mediate their thinking,
led to major initial frustrations with collaborating. While some of these continued throughout
lockdown they did adjust and recognize that the advantages, such as a mix of formal and informal
digital pedagogical media, gave them greater flexibility and led to deeper reflective thinking. We
contend that some elements related to the adaptions made should become permanent features of
face-to-face learning.

Keywords: eLearning; collaboration; problem-solving; mathematics education; student experiences;
COVID-19 lockdown

1. Introduction

The current world crisis of COVID-19 has enforced international lockdowns in pre-
school, school, and tertiary educational institutions. Tertiary education is post-secondary
education such as university study. These lockdowns initiated a rapid transition in the
delivery of tertiary education from a predominantly face-to-face mode of delivery to eLearn-
ing. It also provided some tertiary students with considerable challenges in managing their
learning, collaboration in particular, as they became constrained to a single home environ-
ment with partners, dependents, and roommates, and the associated responsibilities, which
were now part of their daily routines. This influenced their sense of wellbeing. As the crisis
shifted teaching and learning online across the globe, both teachers and students have had
to respond quickly to the need for creative and critical engagement through eLearning
tools [1]. The urgent shift not only mandated teachers to adopt eLearning, but compelled
every student and parent to use online resources and achieve goals related to work, daily
life, and study [2]. With the pandemic far from over and the potential for some form of
lockdown to reoccur, it is important that we gain insights into how it influences students’
learning and the opportunities and constraints that accompany both the lockdown and the
change to eLearning. This will also be valuable as tertiary education subsequently pivots
to include more digital elements in its delivery.

Mathematics teaching and learning also requires an efficient and effective pedagogical
approach and design to integrate online teaching and learning environments during the
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time of the crisis. However, this unprecedented urgent demand validated pre-existing
challenges related to the use of technology in mathematics education. These challenges in-
clude changing the nature of interactions between teachers and students, ways for students
to collaborate, dynamic interrelations between technology and mathematics [3], and the
digital competencies of teachers [3,4]. Above all, the primary concern remains: how can
digital tools and technologies produce understanding and knowledge in mathematics [5]?
Generally, the mathematics education community appeared to respond quickly and put
forward new didactic ideas to integrate a variety of online teaching and learning solutions.
During COVID-19, we (re)-discovered didactic uses of video conferencing, screen-casting,
online meetings, and virtual collaboration via platforms or tools such as Zoom. Teachers
who employed online tools and resources reported innovative implications for the teaching
and learning of mathematics [6-8].

Although digitalization is promoted at all levels of the education system [9,10], it
brings both challenges and opportunities. This complexity has resulted in a slow uptake
in digitalization in education [11]. However, the COVID-19 pandemic has resulted in
government mandates that demand a rapid switch in the education section to digital
teaching and learning. Digitalization also means that we need to consider the diversity of
learners’ backgrounds to achieve educational equality [12]. Previous research suggests that
the digitalization of education makes the challenge of equal participation more dynamic,
complex and unpredictable at all levels of the education system [13].

On the one hand, these didactic developments recommend the development of re-
silient online communities of inquiry (Col) [14] and communities of practice (CoP) [15]
to support the transition, while on the other, they invite researchers to critically examine
these developments to identify the opportunities and constraints of transitioning to, and
subsequently embedding, eLearning practices [16]. Collaborative problem-solving has
been recognized as a way to facilitate thinking and understanding [17], especially in math-
ematics [18-20]. This study was particularly interested in students” experiences and the
ways they communicated when collaboratively problem-solving through eLearning. We
firstly consider how eLearning might reshape the teaching and learning experience.

2. eLearning

An online learning environment requires the active and collaborative participation
of learners to explore, develop awareness, and understand the online Col [21]. The study
also found that connective technologies, including videoconferencing, have been instru-
mental in preserving social closeness despite social distances. They also contend that
digital technologies enabled pre-service teacher collaboration, online engagement, and
connection during COVID-19. The study mainly investigated the educational strategies
and technologies that facilitate online learning interactions and connections. The authors
redesigned course activities to suit online formats and used synchronous and asynchronous
digital technologies such as mobile instant messaging (e.g., GroupMe), digital whiteboards
(e.g., Padlet), and synchronous sessions (e.g., via Zoom). The results demonstrated a signif-
icant social link developed among students and teachers through collaborative strategies
and resources [21].

However, Hew and Cheung [22] argued that student involvement in online discus-
sions is still limited, with a need to increase the use and quality of online discussion in
both asynchronous and synchronous settings. They used empirical evidence to identify ten
main factors (Figure 1) that inhibit students’ participation and knowledge construction in
online collaboration and discussion. Furthermore, they proposed strategies such as the use
of online scaffolds (message, sentence openers), instructor facilitation, the use of grades,
posting guidelines and deadlines, and extending the duration of discussion, to address the
factors that limit students’ online participation in discussions [22].
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Figure 1. Ten factors that limit student’s participation in online discussions [22].

Ervin-Kassab [23] discussed the learning management system (LMS), which she con-
tends facilitates the co-planning and co-teaching of activities. The LMS also provides space
to hold a community of practice for the guidance and professional development learning
(PDL) of teachers. Other researchers have reported that online learning allows teachers to
collaborate and communicate more with students and other teachers [24]. Interactions that
support teachers and students to increase their capacity to (re)-invent media are an impor-
tant way of developing skills of instructional design and augmenting digital literacy [25].
Others have observed that teachers proficient and confident in designing educational
media experienced fewer challenges during the lockdown [26]. Schools and teachers who
had previously been engaged in eLearning found the transition more seamless and were
more ready and confident to teach and learn online [27].

The rapid pivoting to eLearning led to a refocusing on digital pedagogical media such
as video conferencing, screen-casting, breakout rooms, screen sharing, online meetings,
and virtual collaboration via platforms or tools such as Microsoft Teams and Google
Classroom. Teachers who employed these online tools and resources reported some
innovative implications for teaching and learning mathematics. For example, Morge [8]
discovered that screen-casting and screen sharing improved inquiry and problem-solving
skills. Breakout rooms were shown to improve collaborative problem-solving skills [6,7],
while virtual whiteboards and slide sharing enhanced communication of mathematical
thinking as students articulated creative, thoughtful learning outcomes [28]. While some
of the research findings appear to apply to a range of contexts, such as Google Slides
enhancing communication [28], questions still need to be examined. For instance, how
might collaborative problem-solving be taught effectively when e-Learning is the medium
for tertiary mathematics education? We now consider aspects of the collaborative problem-
solving process.

3. Collaborative Problem-Solving
3.1. Problem-Solving

Collaborative problem-solving in mathematics education draws on the seminal work
of Pélya [29] and Schoenfeld [20]. A recent study considered the mathematical problem-
solving activity part of logical-mathematical intelligence [5]. This intelligence has been
defined as the ability to use mathematical concepts to produce conjectures, establish
proofs, and apply mathematics and mathematical data to situations and to construct argu-
ments [30]. They further explained that basic logical-mathematical intelligence develops
when an individual focuses on the patterns, symmetry, logic, and aesthetics of mathematics
to solve, design, and model everyday life problems and tasks [30]. Others contend that
teaching mathematical problem-solving develops 21st century skills, and hence competence
in solving real-world problems [31].

When problem solving, or in extended mathematical investigation, students are es-
sentially theorizing mathematics or creating and examining mathematical conjecture [32].
Researchers often consider mathematical conjectures as generalized statements, contain-
ing essences distilled from a number of specific examples [33]. A more advanced form
of problem-solving occurs when students offer counter examples, or when they identify
similarities between two mathematical explanations [34]. These often emerge through ex-
changes related to mathematical explanation, emphasizing the importance of collaborative
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problem-solving [34] and effective communication between collaborators. In other words,
they can occur as part of a collaborative process.

3.2. Collaborative Problem-Solving

Studies utilizing Vygotsky’s participatory perspectives of education have found that
cognitive development of the learner takes place through collaboration, which involves
mutual engagement, discussion, and joint decision making [35]. During collaboration,
individuals might experience socio-cognitive conflict, an external process through which
they receive opinions different from their own. Such conflicts can facilitate cognitive devel-
opment. Barkley et al. [17], while discussing the theoretical and pedagogical rationale for
collaborative learning, explained that students learn when new information complements
their existing understandings, through scaffolded activities, imitating and interacting with
others, and most importantly when they seek deeper understanding about a concept.

PISA [36] defines collaborative problem-solving thus: “Collaborative problem-solving
competency is the capacity of an individual to effectively engage in a process whereby
two or more agents attempt to solve a problem by sharing the understanding and effort
required to come to a solution and pooling their knowledge, skills and efforts to reach
that solution” [37] (p. 134). Furthermore, the joint coordination of a task enables students
to communicate and negotiate in order to support decision-making [37]. They become
involved in “a coordinated joint commitment to a shared goal” where collaboration moves
beyond the sharing of ideas and task coordination to “reciprocity, mutuality and the
continual (re)negotiation of meaning” [38] (p. 23).

Collaborative problem-solving in mathematics can facilitate mathematical investiga-
tion and argumentation, enhancing the consolidation of conceptual understanding [39].
Investigating mathematical problems gives students opportunities to think in creative
and critical ways, and to better understand the world in which they live [18]. Collabora-
tion with online tasks has been explored [40], but there is very little literature concerned
with managing collaborative mathematical problem-solving online. The researcher tried
some approaches during lockdown, and it will be valuable to examine and report student
perceptions of these.

4. Digital Technology and Problem-Solving

The use of digital technology when students are problem-solving is particularly
effective when the digital media facilitate open experimentation and stimulus for discus-
sion [41], rather than when students just respond to onscreen prompts [42] or only learn
formula and practice processes in a procedural way [43]. In such open tasks, the aspect of
multi-representations and the non-judgmental nature of feedback encourage the setting of
informal conjectures that encourage further collaboration [44].

Recent literature [19,45-50] concerning twenty-first-century learning approaches such
as edutainment, game-based learning, eLearning, blended or flip learning, and learning
using dynamic mathematical software (e.g., GeoGebra) provide evidence that digital
technologies help foster not only problem-solving skills, but more advanced skills such
as critical-creative thinking skills [50]. Borba et al. [51] consider that eLearning allows
the development of important skills such as computational skills, independent study,
searching for information, problem-solving, collaborative learning, personalization, and
lifelong learning.

In a graduate course for K-8 in-service and pre-service mathematics teachers, Morge [8]
found that affordances provided by encyclopedia (e.g., Wikis), online discussion walls
(e.g., Padlet), small chats (tweets), emoticons, and breakout rooms (e.g., Zoom) orchestrated
meaningful conversations during collaborative mathematical problem-solving activities.
The research study showed that a teacher can engage participants in small and large groups
for discussion and co-construct the solution of a given problem [8]. The affordances of break-
out rooms make it possible for teachers and students to visit other groups synchronously
and question each other, explain their reasoning, and critique the reasoning of others.
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In Australia, Symons and Pierce [52] explored the online collaborative mathematical
problem-solving capabilities of primary-school students. The online collaboration offered
opportunities for students to build and evaluate problem-solving, reasoning, and critical
thinking skills. The study demonstrated that with the equitable integration of digital tech-
nology and effective professional learning, the affordances of Web 2.0 allow teachers to not
only promote procedural fluency but also to develop students’ conceptual understanding,
reasoning, problem-solving, and collaborative skills. As collaboration moves towards
the negotiation of ideas and decision making, digital technologies can act as a mode of
reasoning in sharing and establishing shared understandings. Digital technologies might
be envisaged as a tool, not just to model, explore and enact conjectures, but to open up
spaces where teachers and learners engage within digital media as they collaborate and
talk with each other, hence enabling learners to play and think together, and to facilitate
creative thinking and the capacity for learning [53].

Mobile technologies (MTs), such as tablets and smart phones, have been used in-
creasingly to achieve social and collaborative goals in education [54]. In particular, the
ubiquitous features of MT devices enable the coordination of collaborative activities because
students can move with the device to work with other students at different locations [37].
Recent literature [8,45] indicates that digital tools including online communication plat-
forms offer problem solvers a set of affordances, which they can use to orchestrate activities
(explore, (re)-construct, explain, and communicate) during collaborative mathematical
problem-solving. The affordances offered by the Internet, digital gadgets, and smart de-
vices are critical in augmenting problem solver’s understanding of mathematical concepts
beyond formal settings [44]. However, in intermittent and unpredictable online learning
situations such as COVID-19, teachers and students’ reflections are necessary to examine
the efficacy of digital tools and communication platforms [55]. Such investigations need to
use open-ended mathematical problems and pedagogical activities that encourage students
to collaboratively create knowledge about problem-solving.

5. Materials and Methods

A small comparative case study [56] was used to examine three students’ perceptions
of their experiences as New Zealand entered a six-week lockdown and they transitioned
into full eLearning. Creswell and Creswell [57] contend that a case study enables the
researcher to explore the authentic dynamics of situations and people, including their
motivations and reasoning. The case study researcher aims to examine the characteristics
of a bounded system; in this instance, the experiences of tertiary mathematics education
students. The purpose is to understand the case in depth, and in its natural setting,
recognizing its complexity and its context. This was an interpretive case study interested
in the participants” perceptions, and hence the contextual aspects though which these
perceptions evolved. The purpose of case study research is to provide a deep description of
the diverse phenomena that represent life in the bounded system [58]. These insights enable
the researcher to analyze and develop insights that may apply to the wider population
to which that case belongs. The research considered the research question: In what ways
did the Covid-19 lockdown affect tertiary students’ mathematics education learning, collaborative
problem-solving in particular?

A purposive sample was used. Two students from each of the researcher’s three
trimester A mathematics education classes were asked if they were interested in partici-
pating in the research. These were classes that had concluded. If they were interested in
being involved, an email with the information sheet and informed consent form was sent
to them and they were invited to participate. They could then volunteer to be involved.
The aim was to obtain at least three participants for the case study. Three students were
selected because they were in three separate living arrangements, having different family
circumstances with the numbers and ages of children, the employment role of their part-
ners, and their personal work situations representing the breadth of student circumstances
over the three classes.
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The participants completed a questionnaire that contained a mixture of questions to
gather contextual information and open-ended questions. Additionally, they participated
in an individual semi-structured interview and the checking of their transcripts. The
interview took approximately 50 min with a maximum of one hour, while the checking
and amending of transcripts, by each participant viewing the transcript of their interview
to confirm their intended meaning, took approximately 30 min. All participants were
given pseudonyms to help maintain anonymity, with ethical approval gained from the
University of Waikato Ethics Committee which was actioned reflexively through the
study. The data were analyzed through thematic analysis adapted from [59]. This six-
step analysis process identified the themes that are reported in the Results section. The
data of recorded interviews were transcribed, organized, and synthesized, before being
coded and categorized into themes in terms of the similarities and differences to search for
emerging patterns. To enhance validity, data were coded by the researchers manually with
cross-coding between researchers undertaken, which also helped maintain reliability with
the process.

5.1. Participants

The three participants for the comparative case study were drawn from two papers:
one, a Masters’ level Mathematics Education paper; and the other, a third-year under-
graduate paper. The participants considered themselves to be competent at mathematics
and confident when using it in their teaching and everyday lives. Shelley (32 years old)
and Anna (36 years old) were studying the Masters’ paper but had differing home situa-
tions. Shelly was working full time while living in an inner-city apartment with just her
husband, while Anna lived in a medium-sized provincial city suburb with her husband
and young baby. She was on maternity leave while also studying the paper. Both held
similar curriculum leadership roles in their respective schools, that were in different cities.
Lilly (37 years old) was in the third year of a teaching degree, studying a mathematics
education paper amongst her full-year program. She lived in another provincial city with
her partner and their two children. These three participants’ living circumstances had
similarities and differences in their contexts that provided comparisons and contrasts to
identify some commonalities, as well as particular insights related to their contexts. More
detail related to how their individual living circumstances influenced their transition to
eLearning was revealed in the data; this (Challenges: Complications in home situation) will
be reported first in the results so that subsequent discussion of the themes can be linked
back to the participants’ circumstances. These are also valuable data because they provide
insights into the nature of the social and emotional effects of the transition into lockdown.

5.2. Collaborative Problem-Solving Processes

One of the classes (Lilly’s) started using separate online groups to perform the collab-
orative problem-solving, usually within the formal eLearning media, Moodle and Zoom,
but also within informal social media networks. The lecturer emphasized this aspect of
working in online groups and they were encouraged to form groups informally, as well as
being placed into more formal working groups by the lecturer. As well as this, the other
class (Anna and Shelley’s) also began an approach that started with individual engagement
with the problem in the asynchronous medium with the ideas and potential solutions
developing incrementally through each contribution. The first contributors to the group
discussion of the problem were asked not to completely solve the problem, but to allow
space for everyone to contribute some thinking. They then met via Zoom to discuss all
their contributions and negotiate the solution(s) through consensus.

6. Results

The findings of this study revealed that the three tertiary mathematics education
students experienced dramatic change during the enforced COVID-19 lockdown. This
included changes to their home situation, but also in the way they engaged with the math-
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ematics education and mathematical activities through eLearning. They found it difficult
to undertake any collaborative work at first, especially communicating when making
sense of problems and then mediating their thinking while problem-solving through the
contestation and clarification of ideas. Some of this was related to the changes in their home
situations, and we will consider results related to that first. These data were important
because they gave insights into the contexts in which the participants’ perspectives of
communicating evolved, including their perceptions of their wellbeing.

6.1. Challenges: Complications in Home Situation

The rapid transition into lockdown led to individual variances in living and work
situations at home that influenced the nature of the online learning. This had a major
impact on the working environment.

For Lilly, there was the complexity of her and her partner needing to continue working,
as well as her studying, and all at home with children from previous relationships.

Lilly: So basically, what happened is when we went into lockdown. I came home
with my job, my job, moved into my home, and then my partner’s job moved
into home. So, we had two jobs going at home, I had my study, I had my two
children’s schooling. And then, after three weeks we had my partner’s three
children as well so that was five children at times.

Lilly: Both myself and my partner were essential workers, working from home.
His job being highly sensitive (Department of Corrections). Also, having an
autistic daughter and the highly stressful situation of being in lockdown, and the
children not having their dad assist with parenting or visiting, created confusion
and distress.

For Shelley, not having children made the overall living, working, and studying in
one house experience different.

Shelley: As we have a small apartment, there was only one desk space and my
husband was also working from home full time. While we had access to multiple
devices, desk space was shared. It became the hardest thing, or the thing that
changed the most was the fact that my husband was working from home, and
it became a bit of competition for space that we work in. Normally, I'm sort of
studying in the evenings, but he found his work didn’t finish till the evening so
it was, it was kind of getting creative about where I did my study.

Shelley: I guess I was lucky though like we haven’t got any kids, so you know I
wasn't fighting that so much. We were really lucky with the weather too. I think
if it had rained persistently and we felt like we couldn’t have gone outside, that
would have made a huge difference. But such beautiful weather almost every day.
It wasn’t hard to go out and get a bit of fresh air and, you know, walk through
the park.

The complexity of the new home situations also added to the students” overall work-
load. They reported the effects of that extra workload.

Annie: My husband working 24 h/7 as a manager in kiwifruit, no grandparent
help with looking after our child due to lockdown, and she gave up her daytime
sleep. There was increased stress with trying to study and look after a toddler
with no grandparent help. Anxiety with trying to finish Masters as it was my last
paper. I found it really, really, really stressful at the time and just had no time
atall.

Lillie: I had to finish this year. Yeah, though I felt like I wanted to just quit.

A feeling of determination to finish the papers was articulated. Although they all
found the transition to lockdown and eLearning difficult in varying extents, they did
develop inner resolve and a sense of resilience through completing their papers—often
through a sense of duty or responsibility. This was commonly articulated by many students,
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although those few that had to drop out of the papers obviously would not have felt that
same sense of accomplishment and development of resilience.

Lillie: My family have made sacrifices for three years. I've worked so hard that
I just had to finish the year out. That it wasn’t going to get in the way, (no
matter) how insane it got. My home situation was the hardest part though. It’s
a very disheartening feeling when you reach out, especially to tutors or to the
university, and through no fault of their own, they can’t help you. They can’t fix
that situation for you.

Annie: I was thinking gosh this is so hard, how am I going to finish the paper in
lockdown It was a few sleepless nights and it was the anxiety but I thought at
one point I've just got to get this finished. I thought maybe I should delay this
but then I thought we didn’t know what was happening to COVID and so I just
thought, I'm just going have to do this and get it finished.

Lilly: It's made us resilient.

While they enjoyed the advantages that digital technology offered to them, such as
flexibility in a collaborative learning community with peers and lecturers, the transition to
eLearning initiated a sense of anxiety and isolation. In some cases, the complexities of the
changed home environment and the different self-regulated skills such as time management
that were required with a fully online learning environment caused additional stress. While
two indicated a clear preference for at least some face-to-face activities, they nevertheless
saw some advantages of eLearning.

6.2. eLearning Experience
6.2.1. The Changing Nature of the Learning

The initial unexpected transition to eLearning was problematic for two of the stu-
dents in particular. They preferred the face-to-face interaction of the physical classroom.
For instance, the following data were generated in the survey sent in the early stages
of lockdown.

Anna: I found it harder learning online and via Zoom.
This was also articulated in the interviews. For example:

Lilly: I found it extremely difficult and stressful changing from physical lectures
to an online environment, because I enjoyed coming into the lectures. I learned
better face-to-face and interacting with the students and the lecturer.

The rapidity of the transition and its enforced nature were also aspects that Anna
articulated.

Anna: Suddenly it was at home on your own doing everything yourself and
having to understand how to set yourself up. I found it different. I think it was
probably that I missed the face-to-face contact and the interaction.

6.2.2. Advantages of eLearning
However, Anna did see some practical advantages in the learning going online.

Anna: The advantage was that we didn’t have to come into town and deal with
that traffic. Parking can be a nightmare—to get into town and find parking.

Although Shelley had some issues with negotiating workspace with her husband, this
led to a change in working that she recognized as advantageous.

Shelley: I think I used my phone a lot more just to sort of access and read things
simply because it was a bit easier to be sitting on the beanbag browsing something
than fighting for the desk space. Yeah, so I guess I did a lot more reading, reading
where I took more notes which I think is beneficial in the long run, because I
wasn't reading it properly before.
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Shelley was in a situation where she had effective digital connectivity but a small
living space. These influenced her experience.

Shelley: I was really lucky as far as, you know, we live in the central city. So,
our wifi was good and reliable, and we already had a couple of devices in
the household. I was a little bit worried about my laptop, but I also had my
school laptop as a backup so I guess I'm quite privileged in that way. We were
well resourced but it was just a small house on one desk—that was the most
difficult part.

In the later interview data, Anna also indicated that over time she adjusted to the
eLearning to some extent.

Anna: I think that the Zoom was actually quite good because we actually had
more. I think he (the lecturer) added a couple more. We had quite a lot of Zoom
and it was good actually because he used a good balance of having Zoom. You
know I think in the future, it would actually be quite good to have a Zoom, as
well as coming in, like it or not. Yeah, it actually broke it (the paper) up quite well.

They also indicated that as the paper and online learning experience progressed, they
began to value the associated flexibility.

Lilly: I am now very, very confident and comfortable with learning online. Yep.
And ideally, I would like to take that into my future teaching to make sure that I
have a work life balance with things that can be done at home, things that don’t
have to be done at school. So (an advantage was) just having that flexibility of
being able to do it in your own time.

Shelley also felt that the experience had enhanced her personal learning and provided
some PDL.

Shelley: And it was actually quite good professional development, I guess,
working out what else I could do and taking it back to my job, and thinking
well you know if we’re back and locked down in the future, there’s another tool
I've got up my sleeve that I can use. I know we had some good presentations
over Zoom.

6.2.3. Self-Regulation

There were also data that were related to self-regulation and time management.
Although, for Anna, this exacerbated her feelings of stress.

Anna: I found it hard, having to read through all the material myself and trying

to understand it, when it was a stressful situation. And I just felt very alone and

the anxiety levels did increase.

Lilly adapted her approach to learning at times by working collaboratively with
a classmate.

Lilly: We studied together about the week prior (to an assessment). Yeah, it was

good. And we did a whole day of work because we live in different towns.

All three developed ways to communicate for online collaboration, as part of the
formal eLearning that the lecturer facilitated, but also through more informal media such
as Messenger. The informal interaction certainly became a key element of their learning.

6.2.4. Informal Communication
In general, they reported in the data that they found that the informal communication
was beneficial, especially between students.

Shelley: I used the Facebook page quite a bit too around the discussion, you
know like, especially if you had an issue and you wanted to see if somebody else
was having the same problem or to discuss the Zoom.
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Interestingly they felt that having had one face-to-face class was an advantage for the
eLearning. For instance, Shelley responded in the interview.

Shelley: If you can get to know people a little bit outside of study, I think it makes
it easier to connect with them online.

This also helped to facilitate a more relational type of interaction, where instead of
focusing on the paper’s content, they would concentrate more on how they were feeling
and how they were managing: their emotional wellbeing.

Shelley: I think a lot of the discussion, perhaps in previous years, might have
been about the paper but this time it was more kind of a bit of a debrief about
the day or the week, more so than the content of the paper. We didn’t need to
discuss the study, because we actually needed the support or the empathy from
each other, you know, we were going through the same thing.

Lilly: We probably had more leaning on each other. We lean on each other
because it was so stressful it was like okay this is how I'm feeling, anyone else
feeling like this. You know, am I overreacting? Am I stressing about nothing?
Can somebody put this into perspective for me? And they couldn’t because they

were drowning as well. They feeling like how do we do this; how do we actually
do this.

Both the informal student interactions and changing the nature of the lecturer interac-
tions to be more informal were considered to be critical to maintaining engagement.

Lilly: Because if we didn’t have those communications, we didn’t have like the
Google chats, or the Messenger chats, or the class or individual Zoom chats. I
would feel very alone. Yeah, thanks. I probably, I probably would have just
flagged this paper and gone.

Annie: And I think the Zoom meetings were really supportive and we all just
knew we had to be together and get through it.

Another aspect that was introduced was the inclusion of some online collaborative
problem-solving activities. The next section presents the data related to that.

6.3. Collaborative Problem-Solving
6.3.1. Changes in Approach

Firstly, the data which illustrated the approaches used to undertake the collaborative
problem-solving online and how this might differ from face-to-face problem-solving are
considered. For instance, Lilly worked collaboratively with a group to gain a shared
common understanding after working on the tasks individually.

Lilly: We often discussed like do you understand this, how are you reading this,
how are you understanding it. We did a whole day of just concentrating on one
of the slides and going through them and making sure that we were just focused
on everything.

Meanwhile, Annie and her group took a different approach.

Annie: Some of us posted earlier and then others were later so it was quite a
flexible way to do an activity. I thought it was quite good. And it was helpful
reading through what the other three put as well. I did quite enjoy it.

She also found that it enhanced her problem-solving in relation to several aspects,
particularly regarding needing to think critically and articulate her position or argument.
For instance, the following were extracted from the interviews.

Annie: I think it does generate critical discussion. And it made us think. It was
more practical learning with the activity you put up. It was actually using your
brain with a bit more authority, with the maths.
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Annie: I think I learned more, actually, to be honest, probably more because I had
to really think about it, because I haven’t done this type of math for a long time
as well.

6.3.2. Influence on Reflection

At times, this thinking was particularly reflective, both on the other’s contributions,
but also self-reflective.

Shelley: I think again because maybe we weren’t in one room, I gave myself so
much more time to think about it probably. And I would see what other people
would say, and again I was in that kind of transition where I didn’t feel like I had
to respond to anyone immediately. I made my own timetable. So, I definitely
thought about it a lot deeper than I would have had we been face-to-face.

Lilly: It was good (the Collaborative PS approach), actually it gave us a bit of
time to do it. It was good having some better lead time and was helpful. So, you
go away initially. Think about it. Some of these got really hard to that’s why I
wanted to do some collaborative stuff. You've really got to work together and get
it sorted. That’s why I thought it was a good way to sort of get that going. So,
you're in a peer group so that it’s good for confidence, but it also helps when one
person explains it.

Shelley: Yeah, there’s definitely a lot more opportunity to look back at either
previous work you’ve done or read other people’s work, and put the pieces
together before you respond.

However, Shelley also indicated that perhaps this more considered, in-depth reflective
approach stifled some intuition.

Shelley: Then I think you miss out on perhaps just going with your gut and using
your intuition.

7. Discussion

The data were relatively cohesive around several central aspects related to the research
question: In what ways did the COVID-19 lockdown affect tertiary students” mathematics
education learning, collaborative problem-solving in particular?

First are considered their perspectives on the transition to eLearning experience.

The rapidity and enforced nature of the transition to eLearning was initially very
disruptive to all students. The setting up of workspaces and increased complexity of their
home working environment led to stress and feelings of isolation. Much of this was related
to the complexity of studying at home and the related experiences [60], especially for
Anna and Lilly with children and partners now integrated into the studying environment,
and each having particular impacts. Although this affected the mathematics education
learning experience, this impact was in effect instigated independently of the eLearning
and was more a social element of the changing living conditions. It did impact on the
perceptions of the learning, however, and on their ability to communicate and collaborate.
Anna mentioned her enjoyment of face-to-face learning, especially with the mediating
of the mathematics education learning through interacting with the other students and
lecturer [8].

This was the style of learning that she was anticipating. Additionally, these concerns
would not be entirely unexpected, because these students had selected a blended delivery
paper with considerable face-to-face time indicated. Presumably, that suited their initial
circumstances and so any change could be presumed to be problematic, let alone with
the enforced lockdown into whole family bubbles and needing to continue teaching and
studying completely from home. However, the diversity of student backgrounds [12] and
challenges related to equitable participation [13] are aspects of digitalization of the learning
generally that need to be considered in the transition to eLearning. Anna identified the



Educ. Sci. 2021, 11,191

12 of 16

advantage of not having to navigate the traffic and issues with parking. This is a common
advantage of working from home [61].

Once the initial transition was navigated, they identified pedagogical benefits related
to eLearning. One was the flexibility within the work environment when using mobile
technologies. This is similar to what Calder and Murphy [62] identified with children in
their classes. It introduced a greater range of workspaces such as beanbags, allowing for
student preferences. Shelley also indicated that she did far more focused reading, and
reflected on and processed the mathematics education ideas through thinking and making
notes. Anna came to enjoy the variety of pedagogical media that including videoconferenc-
ing offered [8,14,27], and recommended that more videoconferencing meetings become a
permanent feature of the paper. It also was shown to be valuable professional development
learning that Shelley and Lilly identified could be applied to their future mathematics
teaching, something that Ervin-Kassab [23] also contends. She also adapted her approach
to learning the mathematics by working more collaboratively with her peers, in a similar
manner to the findings of Gronseth et al. [21].

The data also recognized that the enhanced emphasis on eLearning improved ongoing
communication between students, and between the lecturer and students. This resonates
with Goddard’s [24] and Nagle’s [28] findings. At times, this was through an informal
social medium, for example, Facebook or Messenger, enhancing and helping maintain the
Col [21]. This suggested that the combination of asynchronous communication through
mobile instant messaging, and synchronous communication through videoconferencing,
led to a significant social connection being established. The participants in this study
indicated that these were very supportive, alleviating feelings of isolation, and in two of
the cases were instrumental in them maintaining study in the papers. Interestingly, the
emphasis in the informal communication changed from discussions of course content to
conversations related to well-being and emotional support [63].

The use of apps in eLearning has been found to enhance mathematics problem-solving
processes, with screen-casting apps advocated for increasing problem-solving and inquiry
processes [8]. The findings also indicated benefits for collaborative mathematics problem-
solving. They all perceived that the engagement with the social media group was beneficial.
In contrast with completing a problem-solving task with an in-class group, it gave them
space to make sense of and organize their thinking about the problem and the mathematics
involved [32]. The use of asynchronous media had other benefits. As well as the additional
time, Annie found that it was helpful to read through the input from the other students.
She could draw together all the ideas, even those who contributed after her, before the
videoconferencing meeting to negotiate the solution(s).

They all found that the collaborative mathematics problem-solving in the eLearning
process led to a more reflective approach [15]. Shelley noted that having more time and
responding after reflection led to her thinking more deeply than when she was in class.
However, Shelley also indicated that this more considered, reflective approach appeared to
inhibit intuitive processes. The communication aspect was perceived to be essential too,
both formal and informal; to negotiate areas of uncertainty, enhancing confidence. Two of
the participants particularly highlighted the critical thinking aspect of the reflections, a key
element of mathematical problem-solving [5,64].

7.1. Implications

A key implication is that there needs to be quality support for students and teachers
in the transition. Hardware (e.g., tablets), connectivity (e.g., Wi-Fi in homes), effective
apps (e.g., Zoom, Seesaw) and emotional support through regular contact and empathy
to individuals’ circumstances are all critical in the successful transition, whether enforced
again through future lockdowns, or just through a desire to embed eLearning as part
of the pedagogical media in the long term. It was evident to the participants that more
eLearning, once they adapted to it, brought more variety and interest to the papers. These
students still wanted a face-to-face component, but more integration of digital resources
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and recommended different usages of some existing techniques. At the institutional
level, providers would be wise to incorporate elements of eLearning into all face-to-face
papers and make more and different tools accessible and support eLearning and emotional
support for students and teachers, in any transition, to the greater use of eLearning. We
would suggest that institutions incorporate eLearning platforms, such as Moodle, in all
their papers and encourage lecturers to have their students form informal social media
groups. These appear to not only enhance existing face-to-face papers, but would great
alleviate issues related to any future enforced transitions to fully online learning. Educators
experienced and proficient with eLearning found the transition easier and experienced
fewer challenges [27].

In terms of communicating in collaborative mathematics problem-solving through dig-
ital pedagogical media, our findings supported those that recommended breakout rooms
in Zoom (e.g., Green and Johnson-Whitt [7]), but also grouping students in other media
including informal social networks, both inside and outside of class structures. For these
participants, the combination of both seemed most effective. The informal social media
groupings were also a forum for emotional and social support. The blend of synchronous
and asynchronous learning also seemed important, with the asynchronous (e.g., Moodle
discussion forums) allowing more time to better make sense of the mathematics and reflect
on the problems, and the synchronous (e.g., Zoom) allowing the negotiation of shared
understandings and solutions, enhancing confidence.

7.2. Limitations

There are limitations related to the case-study research design. Although the small
number of participants limits the generalizability of the findings, their purpose was to
generate rich, contextual data and therefore enhance the understanding of a situation
through particular insights. In this regard, we feel that the research opened up space for
understanding the experiences of tertiary students studying mathematics education that
other research designs, such as large online surveys, would not have. We contend that the
research also provides insights into how schools and businesses might better manage this
transition if required in the future.

Another limitation is that COVID-19 is still emerging and transmuting into new
variants; hence, we are making decisions and recommendations based on the situation at
the time with no concrete long-term evidence. Nevertheless, while limited in this regard,
we feel that the learning is still informative.

7.3. Possible Future Research

There is scope for further research that emerged through the analysis and examination
of the findings. A larger sample, including a combination of methods such as observations
and surveys, would incorporate a broader range of student perspectives and enable more
reliable generalization of the influence of eLearning on collaborative mathematics problem-
solving. Research into the use of formal, e.g., Moodle, and informal, e.g., Messenger,
platforms incorporated into all papers, even those that are fully face-to-face, to examine
the influence on engagement and understanding would be valuable. Finally, research into
possible future digital eLearning tools, such as the use of augmented or virtual reality would
likewise be informative and provide valuable insights into possible future permutations of
eLearning in mathematics education.

Overall, we feel that the research revealed important insights into how the impact of
the COVID-19 lockdown affected tertiary students’ learning experiences, particularly re-
lated to communicating their algebraic thinking in mathematics education and the process
of collaborative problem-solving. Importantly, it highlighted the effect of individuals’ per-
sonal circumstances and sense of wellbeing, and enhanced understanding of the transition
to eLearning that could apply to other educational settings, and perhaps administration
and business contexts.
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