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Abstract

We have entered the era of the Fourth
Industrial Revolution, to be successful within this era, as
teacher educators, we need to transform teaching and
learning. We need to use pedagogy suitable for the Fourth
Industrial Revolution. This paper draws attention to the
future of mathematics teacher education by showcasing a
flipped learning setting. This qualitative, interpretive
study was framed using Activity Theory and was located
at one university in KwaZulu-Natal, South Africa.
Mathematics education students were observed while
learning within a flipped learning setting. Subsequently, a
sample of participants were interviewed using a
semi-structured interview schedule. Thematic coding and
interpretive techniques were used to analyze the data
generated. Four main themes emerged. These themes are:
The flipped learning approach is inhibited by the lack of
material resources, the flipped learning approach is
dependent on lecturer professional development, the
flipped learning approach saves time in the lecture room
and the flipped learning approach encourages interaction
and collaboration within the mathematics lecture room.
Globally, these findings have relevance when considering
the role of technology-based tools within mathematics
Higher Education lecture rooms in the era of the Fourth
Industrial Revolution.

Keywords Activity Theory, Collaboration, Flipped
Learning, Fourth Industrial Revolution, Mathematics,
Technology-based Tools

world in which we live. Since we have entered the era of
the Fourth Industrial Revolution, technology is frequently
used in contemporary society [1] and has led to
transformations in our daily lives. Moreover, digital, audio
and visual tools, are gradually replacing traditional
pedagogy at educational institutions. Research suggests
that the use of Web based technology, the internet and the
use of Information and Communication Technology (ICT)
could bring about a transformed educational milieu. Using
ICT within education settings has become the catalyst of
change [2] and consequently, within mathematics lecture
rooms the use of technology-based pedagogy is popular.
Through the use of technology-based pedagogy students
are provided with education contexts that are relevant to
their lives thereby enriching learning and encouraging
success [3]. This paper focuses on: Exploring the flipped
learning approach within a mathematics Higher Education
lecture room in the era of the Fourth Industrial Revolution.
This paper reports on a study which sought to explore
mathematics students’ perceptions on the use of the flipped
learning approach within mathematics education. The
paper responds to the question: What are students’
perceptions on the use of the flipped learning approach
within their mathematics lecture room? The paper is
organized into six sections, namely, introduction, literature
review, theoretical considerations, materials and methods,
results and discussion and lastly the conclusion.
1.1. Literature review
1.1.1. Fourth Industrial Revolution

1. Introduction
Education plays an important part in transforming the

The Fourth Industrial Revolution (4IR) involves
innovative competencies for people and machines and
represents novel methods in which technology becomes
embedded within society [4]. Within the 4IR, robotics, the
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Internet of Things (IoT), virtual reality (VR) and artificial
intelligence (AI) are transforming the way we live and
work. Thus, as we embark on the Fourth Industrial
Revolution, it is evident that technology will play a central
role in nearly all aspects of our lives. However, the rapid
pace of this transformation is influencing industry and
education in every country. The 4IR has transformed the
way we live, work, and relates to each another [4] and this
era is characterized by the merging of the physical and the
virtual world, creating a more globally connected
innovative society. Within traditional lecture rooms
students are situated at desks surrounding one another,
however within the contemporary lecture room, we
envisage a transformation and that real-time collaboration
will be possible globally through the use of the internet and
technology-based tools. As professionals within the
education sector, we need to embrace this transformation.
We need to understand that what our jobs are today might
be diverse in the future. Our education and training systems
ought to be modified to better prepare students for the
flexibility and critical thinking skills they will need in the
future workplace [5].
To prepare the capacity needed for the digital economy,
education must adapt as fast as the demand for Information
Communications and Technology (ICT) skills is growing
and evolving. The 4IR influences the roles that Higher
Education institutions play in preparing students for this
technologically advanced society. Within the 4IR, it is
crucial to enhance the student’s ability to problem-solve.
Based on critical and creative thinking, problem-solving is
important for flexibility and this is essential for succeeding
within the 4IR. Thus, when teaching mathematics,
educators need to ensure that students are motivated to
solve problems and in this way students are expected to
think about real world situations. To take advantage of 4IR
opportunities, we need to transform our education, we need
to adopt an interdisciplinary approach to Science,
Technology, Engineering, and Mathematics (STEM)
subjects. Mathematics, in particular, has been identified as
a way of opposing unemployment and stimulating
continued socio-economic existence.
1.1.2. Exploring the use of technology-based tools within
the mathematics lecture room
Rasanen et al. [6] maintains that the use of
technology-based tools in education is increasing as the
technology-based tools become more popular and
affordable. In addition, Pope and Mayorga [7] claimed that
there are a plethora of websites and an increasing number
of educational applications that may have an impact on
students’ learning and achievement within mathematics. In
keeping with these notions, many education settings are
moving forward to include more mobile and contemporary
digital technologies such as tablet computers, laptops, net
books, social media and collaborative platforms such as
Google Drive/Classroom or Wikispaces.
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Research [8] has indicated that the use of
technology-based tools when teaching mathematics has
enhanced student performance in mathematics.
Additionally, the use of technology-based tools in
mathematics classrooms may support both students that are
struggling as well as those students that are successful [9].
However, for the lecturer to select the appropriate
technology-based tool to navigate the vast assortment of
resources is a daunting task. The idea is to select the most
appropriate technology-based tool, which will allow the
lecturer to exploit the full potential of the available
technology to advance students’ learning. It is up to the
lecturer to decide which technology-based tool would be
most appropriate. Thus, it is the lecturer’s role to facilitate
innovation in education [10], the lecturer ought to try
innovative pedagogy with the aim of achieving success in
the lecture room.
Teaching is evolving just as rapidly as the industries they
serve, so we need to equip our lecturers with the latest
innovative teaching methods. These methods will assist our
lecturers to prepare future leaders. Moreover, since we are
moving
from
teacher-centered
instruction
to
learner-centered learning [11], one advanced method to
consider is the Flipped Learning approach. The Flipped
Learning approach is an innovative method that may be
used in mathematics education, whereby the traditional
teaching method is reversed or flipped [12].
1.1.3. Flipped Learning Approach
The flipped learning approach refers to an approach that
is a blend between the traditional teaching approach and
teaching via technology-based tools [13]. This approach
requires a change in how traditional teaching and learning
occurs since traditional teaching and learning transforms
within the flipped learning setting. It is founded on the
notion of exchanging in class teaching time with out of
class practice time [11]. In order to engage with and
incorporate the flipped learning approach within a lecture
room, lecturers ought to integrate the four pillars of flipped
learning within their lecture preparation. The four pillars
are Flexible Environment, Learning Culture, Intentional
Content and Professional Educator (F.L.I.P) [14].
The flexible environment requires that the lecturer
construct flexible settings where students are provided with
the opportunity to select when and where they will learn
[15]. This was evident in this study when students were
provided with the opportunity to choose to learn the
uploaded content at home or during free time at the
university. Within a flipped learning context, in-class time
is allocated for engaging with content that was viewed
prior to the lecture in order to generate meaningful learning
opportunities [14]. Within the lecture room under focus,
the learning culture encouraged the students to actively
engage and collaborate with the lecturer and peers in order
to advance their knowledge of the concepts under
discussion. This interaction and collaboration also assisted
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the student to assess their own understanding. In addition,
lecturers promoting the flipped learning model establish
what they need to teach and what materials students need to
work with independently. Content is intentional within this
environment so as to optimize lecture time to promote
effective and meaningful learning [16]. The role of a
professional educator is also important and challenging
within the flipped lecture room. This implies that during
lecture time, lecturers ought to carefully observe students
and offer prompt feedback and assessment of students’
work [14].
Thus, by using the flipped learning approach, students
view content in the form of videos and presentations prior
to the lesson, hence, the use of technology is of utmost
importance within the flipped learning environment.
Students and the lecturer engage actively within the lecture
room based on preparations done prior to the lecture. This
type of learning approach requires commitment from both
the student and the lecturer. Within this learning
environment, the lecturer is a guide or a facilitator. Within
the mathematics lecture room, there are various
technology-based tools to assist both the student and the
lecturer. Tools, resources and websites for example
Geogebra, Geometer's Sketchpad, Mathway, Mathwords,
Khan Academy provide assistance for both the student and
lecturer [12]. The flipped learning method is being
considered by lecturers as an advanced and effective
pedagogical strategy [11].
Essentially, the flipped learning approach requires the
lecturer to transform direct learning within a large lecture
room to an individual learning space through the use of
technology-based tools [17]. Within the flipped learning
environment, the student engages with key content prior to
the lecture and during the lecture/teaching time the content
is discussed with peers and the facilitator so as to expand
understanding. Moreover, problem-solving activities are
conducted based on content being discussed. So essentially
prior to attending the lecture, students engage with content
in order to prepare to participate in the upcoming lecture

and during the lecture students discuss their understanding
with each other and through this discussion they extend and
expand on their knowledge. During these discussions, the
lecturer facilitates and guides the student. The lecturer
provides key information via videos and presentations
prior to the lecture and during the lecture, the lecturer
supports students to actively discuss, solve problems and
construct knowledge [11].
1.2. Theoretical Considerations
Activity theory is a framework that researchers use to
plan and examine exchanges between members of a group
with the aim of determining which aspects of these
exchanges prompt online collaborations [18]. The different
aspects that were considered within this study were the link
between the teaching and learning of mathematics, students
and the flipped learning approach. In this research study,
the student was regarded as the subject, the object was the
understanding of mathematics concepts and processes, the
tool was the use of a flipped learning approach and the
outcome was the successful teaching and learning of
mathematics.
Essentially the theoretical framework was used as a
structure to explore how the flipped learning approach was
used as a tool to support students during the teaching and
learning of mathematics. Based on the principles of activity
theory, activity and learning are interactive and
interdependent [19]. This theory is based on the
assumption that all human actions are mediated by tools
and cannot be detached from the social milieu within which
actions are carried out. This theory allowed for the
consideration of the relationship between the student
(subject), understanding mathematics concepts and
processes (object) and the use of the flipped learning
approach (tool or artefact) in order to obtain the successful
teaching and learning of mathematics (outcome).
The activity system under focus is depicted in Figure 1
that follows.
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Figure 1. Based on Engeström’s [20] conceptualization. This model indicates the second generation activity system and represents the activity system
under focus

In order to achieve the outcome of successful teaching
and learning of mathematics, it was necessary to construct
certain objects which included for example knowledge,
experiences and understanding of key mathematics
concepts and processes. Additionally, the student (subject)
shared responsibility with the community (other
students/peers and the lecturer) for the achievement of the
outcome. This was recognized through a division of labor,
whereby the lecturer and students responded with respect
to the roles they played and the responsibilities they shared.
For example on the most basic level, the student was
responsible for viewing a video and completing a
mathematics question based on the video prior to attending
the lecture, and if there was an issue with understanding,
then the student was responsible for asking for help during
the discussion session in the lecture room, it was then the
responsibility of the other students/peers or the lecturer to
assist with clarifying, expanding on the question or
supporting the student through a step by step process of
solving the mathematics question during the lecture time.
Thus, it was evident that mediation through tools and
technology does not occur in isolation, but rather human
activity is social and collective and is achieved with the
help of a community and the assistance of tools. The
community in this context refers to the lecturer and other

students within the lecture room. Moreover, the tool
(flipped learning approach) will have an influence over the
interaction between the subject (student) and the object
(what is made available to the student to promote the
learning and understanding of mathematics concepts and
processes), hence, in this study, the technology-based tools
being used is not regarded as the object of learning but
rather it is perceived as the mediator of learning whereby
the flipped learning approach through the use of
technology-based tools is used as a tool to support students’
learning [21,22]. There were also the rules about the
knowledge, experiences and understanding that was
acceptable, access to tools and artefact and who was
permitted to complete aspects of the activity that were
considered within this activity system. For example, the
lecturer would provide feedback regarding the
mathematical processes that were considered appropriate
while the students would discuss possible alternative
versions of solving the same question. In addition, the rule
that participants don’t reprimand, humiliate or cause harm
to each other was also agreed upon before teaching and
learning within the flipped learning environment
commenced.
Thus, it was evident from this study that collaborative
learning using technology-based tools within a flipped
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learning environment was situated within activities [22].
Therefore, the activities within this study were not arbitrary,
but rather, they were focused to achieve a desired outcome,
which was the successful teaching and learning of
mathematics. The activities within this study were
mediated via technology-based tools, whereby the division
of labor was represented by assigning tasks which required
collaborative engagement and validation of solutions using
a student-centered approach. Hence, the division of labor
within an activity system plays a significant role in the
development of a common goal [23]. Similarly, through the
use of technology-based tools, the subject (student) used
the tool (the flipped learning approach) to achieve the
outcome (the successful teaching and learning of
mathematics) of the activity system under focus. The use of
the flipped learning approach in this study supported a
more successful pedagogy within a digital environment
and activity theory in this study offered a possible
framework for describing the structure, development and
context for the activities that were supported through the
use of the flipped learning approach as a tool for learning
mathematics.

2. Materials and Methods
This qualitative study sought to explore mathematics
students’ perceptions on the use of the flipped learning
approach within mathematics education. This study which
was situated within a mathematics Higher Education
lecture room was located within an interpretive paradigm.
Data were generated via observations of lectures and
semi-structured interviews. Gatekeeper access was
obtained from the research office of the University within
which this study was located. Participants were provided
with an informed consent form describing the process of
the study.
2.1. The Participants
The population for the study were postgraduate
mathematics education students. These students were also
mathematics school teachers. Forty five participants were
invited to participate in the study and 32 responded
positively. Ten participants were randomly selected to
participate in the pilot study. Twenty two participants
participated in the main study. Data were collected through
observations of lectures and semi-structured interview
schedules. Although 22 participants attended the lectures,
due to personal, family, work or study obligations only 13
participants were available to be interviewed. To assure
participants of their anonymity, pseudonyms were used.
Table 1 that follows depicts the participants who
participated in the interviews.
Table 1. Participants who participated in the semi-structured interviews

Participant #

Pseudonym

Participant #

Pseudonym

1

Jane

8

Sam

2

Brian

9

Alec

3

Veena

10

Simon

4

Nomsa

11

Emma

5

Kate

12

Vernon

6

Busi

13

Bongani

7

Rani

2.2. The Pilot Study
Conducting the pilot study lectures and semi-structured
interviews improved the validity and reliability of the
research process. During the pilot study, one video clip was
problematic so this needed to be replaced and some
participants were unclear of what was required of them for
certain questions during the interview process. To
eliminate ambiguity and to ensure that each interview
question was comprehensible, questions were rephrased.
The language used during the lecture and interview process
was focused and well-defined to improve the
trustworthiness and validity of the research instruments
and process.
2.3. The Lectures
A series of lectures (N=5) focusing on the flipped
learning approach was conducted with the participants. The
lectures were facilitated by the researcher and the
participants were provided with teaching notes,
presentations of case studies, lesson plans and assessments
focusing on the effective integration of technology-based
tools within a flipped mathematics lecture room. The first
three lectures focused on teaching measurement (area,
perimeter and volume) to junior secondary school learners
(Grade 7-9) 1 . For these three lectures, the
technology-based tools integrated within the lecture
included PowerPoint presentations, videos and the
document camera 2. Lectures four and five focused on
teaching Euclidean Geometry to senior secondary school
learners (Grade 10-12) 3 . For these two lectures, the
technology-based tools integrated within the lecture
included PowerPoint presentations, a dynamic
mathematics software program (Geometer's Sketchpad)4

1 Secondary school education in South Africa consists of 2 bands or
phases: The General Education and Training (GET) and the Further
Education and Training (FET) band/phase. The senior phase of the GET
band includes learners from Grades 7-9 (typically from 13-15 years of
age).
2 A document camera is similar to an overhead projector, but it is more
flexible and does not require the preparation of overhead slides. A
document camera allows the facilitator/teacher/lecturer to project
documents, notes, pictures and other objects on a screen or whiteboard.
3 The FET band/phase includes learners from Grade 10-12 (typically
from 16-18 years of age).
4 The Geometer's Sketchpad program is an interactive geometry software
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and the document camera.
The PowerPoint presentations for the lectures
incorporated step by step methods of measuring, case
studies of teachers teaching concepts within measurement
and Euclidean Geometry, and various examples in the real
world that required the knowledge and understanding of
measurement (for example construction, engineering
problems, driving and cooking/baking) and the use of
geometry (art, video games, robotics, food design, graphic
design, sports and architecture). The videos provided
examples of how different teachers taught concepts in
measurement and geometry within various contexts. The
document camera was used to project notes and diagrams
to engage students during lecture time so as to promote
collaboration in order to support meaningful learning.
Learning focused on concepts within measurement and
geometry in mathematics. The Geometer’s Sketchpad was
used to illustrate to students how to interact dynamically
with problems focusing on Euclidean geometry. Students
were encouraged to use this dynamic program to construct
and transform geometric shapes and functions in order to
enhance learning.
Essentially
students
viewed
the
PowerPoint
presentations and videos prior to the lecture so that they
would have ideas and knowledge about the content that
was going to be discussed during the lecture. During the
lecture time the document camera and the Geometer’s
Sketchpad program was used to clarify and explain
concepts further. At the end of the last lecture the
participants were invited to one on one semi-structured
interviews scheduled on dates a few months after the
lectures. This meant that each participant would have the
opportunity of reflecting on what they had learned from the
lectures with the view of advancing their own pedagogy
and thereby promoting their personal professional
development. The interview was designed to gauge the
perceptions of each participant on the use of the flipped
learning approach within mathematics education in the era
of the Fourth Industrial Revolution.
2.4. The Lecture Observations
Each lecture was observed using an observation
schedule. The purpose of the observations was to ascertain
if the flipped learning model was of benefit to the
mathematics students. Hence, each lecture observation
focused on student interaction during lecture time. The
observations were also focused on whether or not the
flipped learning environment encouraged student

program for exploring concepts within Euclidean geometry, algebra,
calculus, and other sections in mathematics. You may download specific
versions of Geometer Sketchpad program for free. This only allows you to
preview Sketchpad sessions for a limited time period. This free preview
does not allow you to print, save, copy or paste. A license needs to be
purchased to allow for the effective use of the program in the
classroom/lecture room.
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collaboration and discussion during the lecture. After
completing each lecture observation, data from the
observation schedule were inspected and segmented into
meaningful codes. These codes were recorded for
triangulation purposes.
2.5. The Semi-structured Interviews
The interviews were audio recorded and transcribed
precisely. Interview transcriptions were sent to each of the
thirteen participants for scrutiny to ensure the accuracy of
each of the interview transcripts. The purpose of the
interview was to ascertain the participants’ perceptions of
the flipped learning approach with the view of embracing
the Fourth Industrial Revolution within Higher Education
mathematics milieus. Each interview lasted approximately
35 minutes. The interviews were conducted at the
participating university at a date and time that was
convenient to each participant. Each interview began with
a few general questions to place the participant at ease, the
interview then progressed to specific questions focusing on
the participant’s perceptions of the use of the flipped
learning approach. The findings of this study could provide
valuable information for stakeholders in mathematics
Higher Education within the ambit of embracing the Fourth
Industrial Revolution.
2.6. Data Analysis
Data analysis which encompassed coding and
categorizing of themes was based on the conceptual
framework of the study, i.e. Activity Theory. The data
analysis process focused on generating codes which
described lecture observations and students’ responses to
the interview questions. Observations of each lecture was
recorded using field notes and an observation schedule.
Each interview was audio recorded and subsequently
transcribed. All data generated were analyzed qualitatively,
all transcribed interview data were read and reread line by
line in-order for the researcher to become familiar with the
data. After transcriptions of each interview were completed,
the interview data were inspected and data were segmented
into meaningful codes. The purpose of this type of coding
was to reveal perceptions of participants focusing on the
use of the flipped learning approach within the
mathematics Higher Education milieu under study.
These codes were carefully reviewed by examining the
relationship between the subject (student), the object (the
teaching and learning of mathematics) and the tool (the
flipped learning approach) within the activity system under
focus. To triangulate the data analyzed, the interview codes
were compared to codes that were recorded during the
observations. The codes that were common from the
interviews and observations were collated and captured as
themes. For example, codes that reflected issues created by
the resources were combined into the theme of material
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resources. Codes that spoke to aspects of the development
or the training that was required by the lecturer were
combined under the theme of lecturer professional
development. Codes that were related to concepts being
taught faster or time spent on discussion of concepts were
collated under the theme of time spent in the lecture room.
Lastly, codes that reflected aspects of collaboration and
discussion were organized under the theme that focused on
interaction and collaboration.
Thus, thematic coding was used to inductively create
themes. These themes give a picture of how students
perceived the use of the flipped learning approach for
learning mathematics. The four main themes focusing on
mathematics learning within a flipped learning
environment that emerged from the qualitative data
analysis of the observation schedules and interview
transcripts are as follows. The flipped learning approach is
inhibited by the lack of material resources, the flipped
learning approach is dependent on lecturer professional
development, the flipped learning approach saves time in
the lecture room and the flipped learning approach
encourages interaction and collaboration within the
mathematics lecture room. These themes are discussed in
detail in the section that follows.

3. Results and Discussion
While in general, the participants valued the flipped
learning approach, they did indicate that they had
misgivings and experienced problems whilst engaged
within the flipped learning environment. This was also
noted during the observations. Lecture observations and
participants’ responses to the interview questions are
captured in the discussions that follow.
3.1. The flipped Learning Approach is Inhibited by the
Lack of Material Resources
The students tried their best to download and view the
videos and presentations prior to coming to the lecture,
however some of the participants had challenges due to the
lack of infrastructure or resources outside of the lecture
room. These notions are supported by excerpts from the
interview transcripts that follow.
Bongani:…it was fine…so excited to prepare for my
lecture…we experienced load shedding 5 …I could not
access any presentations at home…get early to campus to

5 Load shedding refers to the interruption of an electricity supply to avoid
excessive load on the generating plant. Load shedding is operational when
there is an imbalance between the electricity available and the demand for
electricity. These are planned interruptions in electricity supply by the
Department of Electricity in South Africa. All consumers are informed in
advance of load shedding times within their areas through the use of a
comprehensive timetable.

prepare from my lecture…
Brian: …I could not access the video that was linked to
the lecture…internet connection did not work properly at
home…Telkom 6 was having problems…I was not
prepared for the lecture…frustrating…
Kate:…it seemed like a good idea…combination of
technology and the chalkboard…internet access is limited
at home…stay after lectures to use the campus
network…doesn’t always work especially when my last
lecture for the day was maths…
Simon:…I reflected on what I was exposed to during the
lecture and I realized that while it would be beneficial…I
do not have internet access or the appropriate gadgets at
home…not
willing
to
use
by
phone…too
expensive…download presentations…my data for internet
access is limited…
Based on the lecture observations, students spent the
first few minutes of each lecture discussing the challenges
they experienced regarding the out of lecture activities.
This resulted in the lecturer playing video clips or
presenting the PowerPoint presentations that were
designed for out of lecture time during the first part of the
lecture. Along similar lines, within the ambit of activity
theory students ought to be supported by the lecturer
however, the lack of material resources may hinder
lecturers while they attempt to incorporate the flipped
learning approach (FLA) within their lecture rooms. Thus,
content and material needs to be intentional [16]. The
preceding transcript excerpts indicate that students are
willing to embrace the Fourth Industrial Revolution and
they have a desire to embrace the FLA within their lecture
rooms, however the lack of material resources affects their
ability and confidence in technology enabled learning [24].
The effective integration of technology within teaching
and learning is important in a 21st century lecture room [25,
26] and technology is vital for embracing the Fourth
Industrial Revolution (4IR). Lecturers ought to collaborate
with their students to ensure that their individual contexts
are adequately equipped with the basic resources required
to embrace the flipped learning approach.
3.2. The Flipped Learning Approach is Dependent on
Lecturer Professional Development
The effective integration of technology within the
lecture room is an important part of lecturer professional
development, lecturers need to know how to effectively use
technology for instruction [27]. In this study, some students
indicated that they were not satisfied with how the lecturer
integrated technology-based tools within the flipped
learning environment. They were of the notion that this
integration was not effective and they frequently required
more clarification. This perception is exemplified in the

6 Telkom is a telecommunications service provider in Africa.
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transcript excerpts that follow.
Busi:…I used the video to prepare for the lecture like
you [the lecturer]7 told me to…it was OK then…when I
came to the lecture…it was a bit different…the video just
did not add up…it was not enough to answer and solve the
problems…discuss the problems at length and then only it
began to make sense…
Emma:…need help…how to use the technology
tools…useful for learning…I need someone…show me
how…work with the videos and PowerPoint…I think it
would have helped…you [the lecturer] demonstrated in
class first before giving us this to do…
Jane:…I just did not know how to link what was being
discussed in the lecture with the PowerPoint I viewed at
home…it was just too much of mixing with technology…it
was an overload for me…I think that you [the lecturer]
should have done this in stages and not as one whole
presentation…I could not keep up...it was not a good
feeling…left behind…
Veena:…I could not understand…couldn’t explain how
the video was related to the maths problems…I could only
just do the first activity…it related to the formulation for
the area of the building…I did not know how to solve the
rest…it should have been clearer in your [the lecturers]
video…the class discussed and assisted me…only then I
got it…
Based on the lecture observations, the lecturer tried to
assist students by exhibiting how to use the
videos/technology-based tools on a step by step basis so as
to clarify how to use the tool as well as to explain how the
content of the videos/PowerPoint presentations were linked
to the concepts under discussion. As is evident, there is a
the need for the lecturer to be more aware of the students’
needs within the flipped learning environment. Within the
domains of the flipped learning model, there is a need to
encompass the characteristics of a professional educator
[13] whereby students are provided with clarification and
feedback promptly. For example, the lecturer ought to
acknowledge that all students learn differently and have
different ability levels and this is important to consider
within a technology-enabled environment. Thus, more
professional development activities focusing on the
effective use of information communication technology
(ICT) for teaching within differing lecture room contexts
and to students with differing ability levels are important
[28]. So, while technology-based tools may be used to
transform learning activities [29], lecturers require
adequate professional development to become innovative
in order to relate to their students and to effectively
integrate ICT into teaching and learning within their lecture
rooms [30].

7 Words in square brackets within the transcripts have been added by the
researcher to support the reader’s understanding.
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3.3. The Flipped Learning Approach Saves Time in the
Lecture Room
The lecturer transformed the lecture room while
lecturing. Through a number of years of experience of
teaching mathematics, the lecturer possessed the adequate
content, pedagogic content and technological pedagogic
content knowledge [31] to transform to a flipped learning
environment successfully. The use of the technology-based
tools assisted and empowered the lecturer to make this
transformation. Based on the lecture observations and
interviews, it was apparent that the participants valued the
use of flipped learning approach and indicated that this
approach also saved time during the lectures. This notion is
evident in the transcript excerpts that follow.
Alec:…the videos supported me while I was preparing
for the lecture…I could see the concepts…I could identify
with what was being discussed…the videos saved
time…time to have important discussions in class as well
as more time to solve complicated problems…
Busi:…the PowerPoint presentation saved time when
we were discussing the concepts in the lecture…go back
to the slides to respond to queries and questions…since
we already prepared for the lecture at home we only spent
time discussing and improving our understanding…we
also formed little groups to solve specific questions…we
got together and solved…one person discussed the
solutions to each problem in front of the entire class…we
got much more done using the flipped method…
Rani:…for solving geometry…used Sketchpad8…we
saved times since less time was spent on sketching the
diagrams…we could refer back to the sketch to assist
with
questions
and
clarification
and
problem-solving…more accurate to draw using this
technology teaching tool…we can visualize the
transformations and manipulations…the sketches
promoted detailed discussion…spent more time on
clarification and discussion which helped with
understanding…I was even thinking of changing the way I
teach in school…
Sam:…we prepared for the lecture in advance so that in
class we could refer to the complex problems and
solutions as the class needed to…the diagrams became
faster and easier to represent…they were already on the
PowerPoint…the lecturer could spend more time guiding
us and supporting us during the lecture…flipped method
really works and more time is spent with discussing the
important stuff…this can be easily replicated in my own
classroom if I prepare adequately…
Based on the lecture observations, less lecture time was
spent on introducing and clarifying concepts since the

8 Sketchpad is a type of dynamic geometry software that may be used to
teach geometry in the lecture room.
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students had engaged with the content and concepts prior to
the lecture. The lecture time was spent on problem-solving,
collaboration and discussions. Based on the lecture
observations, it was evident, that in this study, the flipped
learning approach allowed the lecturer to teach content in
innovative and interesting ways. The content taught was
intentional and this maximized lecture time to encourage
effective and meaningful learning [15,16]. The lecturer
was an agent of change [32], the lecturer transformed the
lecture room to embrace the 4IR and introduce the flipped
learning approach to postgraduate mathematics students.
The lecturer inspired the students by exhibiting innovative
strategies for students to visualize the mathematics being
taught. Being able to visualize the mathematical concepts
being taught, inspires effective learning [33]. Moreover,
within the ambit of activity theory, the learning
environment under study was student centered and focused
on engaging students in meaningful learning tasks [29].
Thus, technology-based tools within the flipped learning
environment deepens students’ understanding of concepts
being taught and also enhances meaningful learning [34].
3.4. The Flipped Learning Approach Encourages
Interaction and Collaboration within the
Mathematics Lecture Room
Lecturers who aim to empower their students are
prepared to hand over control of the learning process to
their students, which ensures that learning becomes a
collaborative effort rather than a coerced one [35]. This
transformation in the learning process is different from the
traditional learning process, the lecturer becomes a
collaborator with the students.
Nomsa:…using the flipped method we use a lot of group
work… it helps us…who do not understand English well…
we come from different backgrounds and language
groups…we work together … to solve word problems…we
access the presentations and videos before the lecture so we
can prepare for the lectures…we talk to each other in the
class to help with understanding concepts…its more
interesting…it is not only working on your own…work
together…
Collaborative relations of power within the lecture room
empower students to achieve more. Collaboration and
interaction within the lecture was evident from the
observations and the interviews. The use of … group
work…helps the students who do not understand English
well…. Students were encouraged to … work together … to
solve word problems…. Students within these empowering
education milieus know that their ideas are welcomed and
respected. This was evident during all lecture observations,
students spoke freely during lecture time and
acknowledged the queries and feedback from both their
peers and the lecturer. This learning culture ensured
participation [13] within the lecture room and it was in this

way that the lecturer inspired collaboration and interaction
within this flipped education setting.
The participants believed that the use of the flipped
learning approach (FLA) inspired collaborative learning
within the activity system under focus. This was evident in
all observed lectures. Hence, the students and lecturer used
the FLA for collaborative mathematics learning. This
learning culture supported and enhanced student learning
[14]. The students could actively interact with each other
and their lecturer and learn from these interactions.
Moreover, within this study, participants indicated that
collaborative learning through the use of the FLA as a tool,
promoted mathematics learning. For some participants,
collaborative learning supported by the FLA as a tool,
shifted their tendency of individual mathematics learning
to group learning within the activity system under focus.
The interview excerpts that follow, support this notion.
Bongani:…I generally don’t like asking questions in
class…but I noticed that everyone was talking in class…I
asked them to clarify a few questions…it was helpful…I
did not feel embarrassed or self-conscious… I benefited
from this interaction…I learnt a lot by working with my
class and the lecturer…
Simon:… In all my lectures I generally work on my
own…now for maths we work in a group…convenient for
me…it helps with understanding difficult problems and
topics…the flipped method allows me to prepare in
advance and then in class we discuss issues that we have
problems with…
Vernon:… the flipped method changed how I see my
mathematics learning…I now enjoy collaborative learning
since I can prepare in advance and then I can ask all the
right questions…solve problems in class that I am
struggling with…it is group work with a purpose…
In parallel with Bongani’s, Simon’s and Vernon’s
perceptions of the FLA as a tool, Veena acknowledged that
collaborative mathematics learning took place within the
activity system under focus by using the FLA as a tool. For
Veena this demonstrated that she valued her peers’
opinions and engaged with their explanations. She
preferred this approach to her traditional self-study
approach which entailed her solving mathematics problem
on her own. This sentiment is evident in the interview
excerpt that follows.
Veena: … the flipped method made me realize how
much my class are worth…inputs made by my class added
to my mathematics learning…learnt a lot from my peers…
For Sam, he valued the fact that he and his peers could
work collaboratively on a problem, but they still had the
guidance and support of their lecturer. As soon as the
students were confused or were found using an incorrect
method to solve a problem, the lecturer would intervene
and guide them to the correct solution. This is evident in
the interview transcript that follows.
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Sam: …some students have the same query…we help
each other…since our lecturer is with us … allows us to
collaborate if we are … on the wrong track…we are given
guidance…this is useful…try the problems on our own and
then we are provided with expert help [the lecturer] the
moment we need it…
As is evident by the participants’ response, each
contribution made by students and the lecturer within the
activity system through the use of the FLA as a tool led to
positive outcomes for the student concerned. Similarly,
Rambe and Bere [36] maintain that collaborative learning
stimulates the construction of knowledge through group
member interactions. Collaborative learning enhances the
learning process, and motivates students to engage in
academic activities which was the focus of the activity
system under study. Collaborative learning also promotes
the capabilities for cooperative work among students [37],
this was evident in the observed lectures.
The value of collaborative learning is applicable to most
disciplines and is not only confined to the teaching and
learning of mathematics. Collaborative learning was
particularly useful within this study and the use of the FLA
served as an advantageous tool for the teaching and
learning of mathematics within the activity system under
focus. Moreover, through the use of the technology-based
tools, students learn through participating in the process of
contributing and receiving academic assistance, knowledge
sharing and resolving challenges among themselves [38].
Also, due to the interactive and collaborative nature of
the FLA, collaborative learning also improves throughput
[18]. Generally based on the empirical evidence, there was
consensus amongst the participants that the FLA as a tool
for learning mathematics had provided them with the
opportunity to learn mathematics collaboratively. Based on
the observed evidence, the learning of mathematics
through collaboration was welcomed and valued by the
participants. The students within the activity system used
the FLA as a tool to achieve the outcome of successful
learning of mathematics. This tool was used to alleviate
misconceptions and clarify concepts while students learnt
mathematics. Through the flipped learning approach the
students collaborated and discussed solutions whilst the
lecturer facilitated. Collaboration is supported within the
ambit of activity theory whereby, and student learning is
enhanced by sharing and collaboration [39].

4. Conclusions
The aim of this study was to explore students’
perceptions of using the flipped learning approach within a
mathematics Higher Education lecture room. This
qualitative, interpretive study was conducted at one
university in KwaZulu-Natal, South Africa. Participants
were observed while engaging within a flipped
mathematics Higher Education lecture room. A sample of
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participants were subsequently interviewed. Four main
themes emerged from a qualitative analysis of the
interview data. The four themes are as follows: The flipped
learning approach is inhibited by the lack of material
resources, the flipped learning approach is dependent on
lecturer professional development, the flipped learning
approach saves time in the lecture room and the flipped
learning approach encourages interaction and collaboration
within the mathematics lecture room.
This study has provided some interesting observations
and perceptions regarding the use of the flipped learning
approach to embrace the Forth Industrial Revolution. It is
evident that within contemporary lecture rooms,
technology-based pedagogy has the potential to provide
individualized, real time interactions among students and
their lecturers [40]. This implies that lecturers may employ
the use technology and social networks within their
pedagogy in order to enhance meaningful learning within
and outside their contemporary lecture rooms.
Moreover, based on the findings of this study it is
apparent that within the contemporary lecture room, as
technology becomes more available and if Activity Theory
is embraced as an effective framework within the Fourth
Industrial Revolution, lecturers will seek to engage in using
notions of the flipped learning approach so as to amplify
the benefits to student learning. This was evident since the
lecturer within this study was willing to transform the
traditional pedagogy to create a collaborative and engaging
technology enriched lecture room so as to support students’
learning needs. However, for the successful integration of
the flipped learning approach within the contemporary
lecture room, there is a need for lecturers to be involved in
more professional development workshops focusing on
how to enhance student learning while integrating the
flipped learning approach within lecture rooms. These
professional development workshops would of benefit to
lecturers globally as we embrace the Fourth Industrial
Revolution.
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