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ABSTRACT Unsatisfactory throughput rates as well as low mathematics averages for education students in higher
education are a concern. A lack of critical thinking and critical thinking dispositions are possible contributing
factors to poor performance. The aim of this ongoing research is to use flipped classroom learning as a teaching
pedagogy and model that prepares students for their future careers. The aim of this flipped learning intervention
is to enhance the critical thinking dispositions of mathematics students, to develop their understanding of
mathematical concepts, to encourage responsibility for their understanding of knowledge and skills and to create
opportunities for active learning through discovery and involvement with content. In addition, it explores the
possibilities for students to become better problem solvers, with the aim of achieving increased throughput rates.
The authors report on findings that flipped learning for the mathematics class seems to be a viable instructional

methodology.

INTRODUCTION

The unsatisfactory throughput rates as well
as low averages in mathematics are distressing.
The public image of mathematics as being a dif-
ficult subject continues at university level. Stu-
dents studying to become mathematics teach-
ers who perform badly at university will soon
stand in front of a class of learners, trying to
explain difficult concepts. This is alarming, the
more so since the education system is under
suspicion. The Annual National Assessment
results for Grade 9 in mathematics was 14 per-
centin 2013 (Anon. 2013), while Grade 12 learn-
ers and universities are on tenterhooks about
the Grade 12 results. The National Curriculum
Framework (NCF) (Department of Education,
South Africa 2003), the Curriculum and Assess-
ment Policy Statement (CAPS) (Department of
Basic Education, South Africa 2011) and Lampert
(2006) promote effective learning by mastering
critical thinking skills and dispositions, inter alia
by successfully identifying and solving prob-
lems and collecting, organising and evaluating
information. These skills are important in a rap-
idly growing society and in an era of informa-
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tion explosion, which has led to a state of infor-
mation overload. The CAPS requires students
to “develop the correct use of the language of
mathematics; use mathematical processing skills
to identify, investigate and solve problems cre-
atively and critically and to communicate appro-
priately by using descriptions in words, graphs,
symbols, tables and diagrams” (Department of
Basic Education, South Africa 2011).

Although students choose mathematics as
a major subject, they often do not prepare for
contact sessions, choose not to do their home-
work activities (Aalbers et al. 2013) and perform
poorly in tests and exams because they often
give up hope when confronted with the chal-
lenge of applying theory (Star 2015). When stu-
dents engage in doing their homework, they of-
ten experience frustration as they have nobody
who can assist them with problems they are un-
able to solve and they have to wait until the next
contact session for an opportunity to gain clar-
ity on resolving the problem. In the traditional
classroom there is often simply not enough time
to revisit work done previously, and this results
in the student possibly never receiving any clar-
ity or help regarding the solution to the problem
which he or she was working on.

University lecturers responsible for lectur-
ing mathematics to education student teachers
plan approaches through which to transfer not
only knowledge to their students, but at the same
time mastery of the necessary skills to enable
them to transfer the knowledge successfully to
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their learners when they start their careers as
teachers. Teaching mathematics to large groups
of students with varying mathematical abilities
presents numerous challenges in any classroom.
Lecturers have to plan using effective educa-
tional strategies for lecturing mathematics, but
due to a number of co-producing factors, only
have limited opportunities to ensure that all the
students have full understanding of mathemati-
cal concepts, and that their understanding is
enhanced.

One of the possible causes of poor perfor-
mance is a lack of critical thinking and critical
thinking dispositions that include truth seek-
ing, perseverance, systematicity, problem-solv-
ing skills and an open mind. Wong and Chu (2014)
point out that the traditional kind of classroom
instruction benefits students who are motivat-
ed and engaged, but those who do not meet
expectations because they are not required to
think critically will not deeply comprehend the
content. Interactive participation in class, prob-
lem-solving strategies and higher-order think-
ing skills should be encouraged so that students
take responsibility for their own work and con-
struct their own knowledge.

Thinking Dispositions

Thinking dispositions are defined as “per-
sonal attributes or habits of mind associated with
one’s consistent internal motivation to engage
in problems and make decisions using thinking”
(Facione etal. 1997). Poor performance in math-
ematical problem tasks can be ascribed to stu-
dents’ lack of the mathematical skills needed to
solve problems or not knowing how to apply
the mathematical skills that they do have to solv-
ing particular problems (Tuminaro and Redish
n.d.). Paul and Elder (2008) argue that critical
thinking is a prerequisite for critical thinking
dispositions, which is supported by the view of
Profetto-McGrath (2003) and Facione (2000, 2010,
2011) that critical thinking dispositions and atti-
tudes are prerequisites for critical thinking as an
important outcome of mathematics education.

Critical thinking dispositions in mathemat-
ics refer to the ability to search for alternative
solutions to problems, effective problem-solv-
ing strategies, logical reasoning, a systematic
approach and inquisitiveness. Biber et al. (2013)
indicate that prospective mathematics teachers
possess a low level of critical thinking disposi-

tions. Students should be able to apply past
knowledge to new situations, be confident in
their reasoning and persist (Royster et al. 1999;
Van de Walle et al. 2010). To be open-minded
implies that one’s own mistakes can be tolerated
and respect for different approaches is shown
(Facione 2011). Self-confidence reflects one’s
confidence in one’s reasoning, while a person
with a truth-seeking disposition asks courageous
and probing questions, and thinks deeply about
the reasons and evidence for and against deci-
sions (Facione 2011).

The encouragement of critical thinking dis-
positions should be included in curricula, tasks
and assessments to produce students who are
able to think critically (Facione 2000; Ennis 2001;
Halpern 2007). The classroom is the proper place
to encourage critical thinking skills and disposi-
tions and therefore educators should focus on
the encouragement of critical thinking disposi-
tions in their teaching (Lombard and Grosser
2008). Outdated teaching practices and teach-
ers who lack the basic knowledge contribute to
poor teaching standards (Makgato and Mji
2006). Classroom settings in which students
structure their own knowledge (Staples 2007;
Van de Walle et al. 2010) and in which they de-
velop confidence in their skills to use mathemat-
ics (Heddens et al. 2009) should be created. Stu-
dents should understand rather than memorise
(M-rcul 2005; Van de Walle et al. 2010) and
should be exposed to environments that encour-
age problem-solving skills and critical thinking
skills and dispositions (Cuoco et al. 1996; Borko
and Elliott 1999; Consiglio 2003; Department of
Education, South Africa 2003; Maree et al. 2004;
Pogrow 2004; Van de Walle et al. 2010).

Flipped Learning

Many teachers around the world have trans-
formed their classroom practices by flipping the
classroom since Bergman and Sams (2012a) be-
gan collaborating on ways to use technology to
improve their face-to-face time with students when
they started teaching at Woodland Park High
School, Colorado. The approach that they initially
called pre-broadcasting eventually became widely
known as the flipped classroom (Bergman and
Sams 2012b; Noonoo 2012). Many educators have
attempted to implement this new model of instruc-
tion, seeking a positive impact on student suc-
cess, with varying degrees of success.
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The flipped learning model differs in that
most of the direct teaching is delivered outside
the usual face-to-face learning situation on the
student learning platform or online learning
space using video or other modes of delivery.
Class time is then used for problem solving, col-
laborating and engaging with peers and evalu-
ating their progress, instead of the traditional
direct instruction delivery led by the lecturer.
This gives the lecturers the opportunity to pro-
vide one-on-one assistance, to evaluate under-
standing and progress much better and to pro-
vide guidance and motivation. Lecturer-centred
activities and classrooms become student-cen-
tred activities and environments (FLN 2014).
Flipped learning research and results have
shown in general that teachers who are flipping
their classrooms report increased student suc-
cess, improved student engagement, and better
attitudes towards learning in general.

Results reported in the literature (Goodwin
and Miller 2012) show the benefits of the flipped
classroom, such as student engagement and in-
creased student-teacher feedback. This is the
environment that lecturers hope their students
will recreate in their mathematics classrooms.

Flipped Learning as a Pedagogical Approach

As with the introduction of any new meth-
odology, it is fundamental to have a clear and
shared understanding of the meaning of the ter-
minology. Due to the different interpretations in
the literature and to counter some misunder-
standings about the term, the governing board
and key leaders of the Flipped Learning Net-
work (FLN) have composed a formal definition
of “flipped learning’. It is defined as a “peda-
gogical approach in which direct instruction
moves from the group learning space to the in-
dividual learning space, and the resulting group
space is transformed into a dynamic, interactive
learning environment where the educator guides
students as they apply concepts and engage
creatively in the subject matter”.

The authors furthermore drew a clear dis-
tinction between a flipped classroom and flipped
learning, emphasising that the two terms are not
interchangeable. By implication, flipping a class-
room does not necessarily lead to flipped learn-
ing (FLN 2014). Active engagement in flipped
learning would involve lecturers implementing
new and various methodologies, using more in-

class time for applied activities and more per-
sonalised instruction.

Although some educators may be of the
opinion that using digital technologies or creat-
ing online concept videos to deliver subject con-
tent outside the class will result in less lecturing
time, this is surely a misconception. The notice-
able change is that the emphasis is placed on
students to take responsibility for their own
learning rather than on the instruction that is
given during the contact session.

Jerry Overmyer, mathematics and science
outreach coordinator for the Mathematics and
Science Teaching Institute at the University of
Northern Colorado is an advocate for the flipped
classroom concept and is of the opinion that
“the flipped model affords instructors the op-
portunity to “...be more engaged and personal-
ly understand the learning process of all their
students” (Campus Technology 2012).

Flipped Learning as a Pedagogical Model

In areport developed by the FLN, Pearson’s
Centre Educator Effectiveness and experienced
educators from George Mason University
(Yarbro et al. 2014), four critical features or pil-
lars of the flipped classroom were identified to
guide educators through the concept of flipped
classrooms. During a review and in the publica-
tion of the formal definition of flipped learning
published by the FLN, 11 indicators were added
to the four pillars for educators to use as self-
assessment as guidance measures for integra-
tion and implementation in their classes. The
four pillars of F-L-1-P™ refer to a Flexible Envi-
ronment; Learning Culture; Intentional Content
and Professional Educator to support student
engagement.

Although various methodologies have been
used for researching the flipped classroom (Ber-
rett 2012; Brame 2013; Mattis 2014), the research-
ers have based their approach on the four pillars
of F-L-1-P™. With this pedagogical model as a
reference, a flexible environment enables the
educator to use the learning environment as a
flexible space, allowing students to work inde-
pendently but also in a face-to-face situation
with fellow students and the lecturer. Moving
instruction from a lecturer-centred to a more stu-
dent-centred approach can lead to increased
cognitive engagement and enhanced achieve-
ment of instructional goals and learning (Mattis
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2014). Heddens et al. (2009), Staples (2007) as
well as Van de Walle et al. (2010) claim that dis-
positions develop in classrooms where students
have opportunities to reason and construct their
own knowledge. In this way students are ac-
tively involved in knowledge construction and
reasoning and a new learning culture is fos-
tered in the flipped classroom. The third pillar of
flipped learning has its foundation in assisting
students to develop conceptual understanding
as well as procedural fluency (FLN 2014). Edu-
cators have more time to facilitate discussion
and are able to help students with activities and
assigned problems, thus reinforcing the con-
cepts during class time. Class time is used for
student-centered, active learning strategies in
teaching intentional content. The last pillar of
flipped learning emphasises the complex role of
the professional educator in the flipped class-
room. Although the educator may take a less
visible and prominent role in the flipped class-
room (FLN 2014), the process of adopting this
pedagogical model and its successful implemen-
tation requires dedication, reflective practice and
willingness for transformation (FLN 2014) from
both the educator and the student. The inten-
tional selection and organising of stimuli for stu-
dents (Fraser, 2006) enables them to distinguish
between relevant and irrelevant information and
can help them to persevere when solving prob-
lems (Fraser 2006; Costa and Kallick 2009).

The four pillars of F-L-I-P were used as a
guideline and basis for the pedagogical ap-
proach to this research and was also used dur-
ing the interpretation of the results and the stu-
dents’ qualitative feedback.

Objective

The objective of this paper was to determine
the impact of the flipped classroom as a peda-
gogical approach to the critical thinking dispo-
sitions of second-year mathematics education
students at a South African university.

Research Question

What is the impact of the flipped classroom
as a pedagogical approach on the critical think-
ing dispositions of second-year mathematics ed-
ucation students at a South African university?

H ,,: The flipped classroom as a pedagogical
approach has an impact on students’ dispositions.

H ,,: The flipped classroom as a pedagogical
approach does not have an impact on students’
dispositions.

METHODOLOGY
Data Collection

For the purpose of this research, concept
videos were made available online to second-
year education students with mathematics as
major. These concept videos which students had
to watch prior to the contact session to perform
certain tasks formed the key ingredient in the
flipped approach. Concept videos were record-
ed in such a way that the students were required
to watch sections which exposed them to expla-
nations of new concepts and examples. During
the video, they had to pause the video and solve
given problems using pen and paper. For some
of these problems the entire correct solution was
given, and for some of the others only the cor-
rect answer was given. The rationale for giving
only the correct answer and not the complete
solution was to create an opportunity for dis-
cussion in the subsequent contact session.
Another task which the students had to perform
after completing a section was to create their
own concept videos on any one of the topics in
the section. The students performed these tasks
as a group activity, which proved to encourage
their critical thinking dispositions, among oth-
ers perseverance, open-mindedness and confi-
dence while interacting with each other. This
also prepared them for their future careers.

A single-group, post-test-only design (Mc-
Millan and Schumacher 2006) was used for this
study. The flipped classroom pedagogical ap-
proach and model was used as an intervention,
after which critical thinking dispositions on in-
teraction, homework, problem solving and per-
formance were measured. Framed within a prag-
matic research paradigm, a small-scale explana-
tory, mixed method research was employed to
gather data. A quantitative survey research strat-
egy with a self-developed, closed questionnaire
on a four-point Lickert scale, ranging from
strongly agree to strongly disagree, as the data-
collection instrument was used to objectively
determine the students’ views on the flipped
classroom. A number of questions were asked
that related to the students’ views on their inter-
action in class, homework and their preparation
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for contact sessions, as well as their views on
problem solving and their own performance. A
maximum degree of objectivity was obtained by
using quantitative numbers and statistics for the
analysis of the students’ opinions (McMillan
and Schumacher 2006).

Following the quantitative data collection, a
qualitative research strategy was employed by
means of narratives. The results were used to
better understand the students’ views on the
flipped classroom and to use these results to
build a flipped learning mathematics environ-
ment for education students that could also ben-
efit other fields of study where students need
mathematics as a subject.

Sample

The target population for this study com-
prised all second-year education students with
mathematics as a major at tertiary institutions.
The sample for this study was all the second-
year education students with mathematics as a
major in the senior and FET phase (n = 28) ata
South African tertiary institution.

Data Analysis

Questionnaires were analysed by dividing
them into three categories. The first aim was to
determine the students’ perceptions of their in-
teraction in class. The second aim dealt with the
students’ perceptions of homework and their prep-
aration for contact sessions, and the last aim ad-
dressed the students’ perceptions of their own
performance and problem-solving skills. Qualita-
tive data was used to better understand the stu-
dents’ views of the flipped learning environment.

Ethical Issues

Ethical aspects related to the research prob-
lem, objectives and research questions, data
collection, data analysis and interpretation, and
the reporting and dissemination of the research
were taken into consideration (Creswell 2009).
The research aim and the students’ involvement
in the research were discussed with the students,
and a code was allocated to each student to
ensure confidentiality and anonymity.

RESULTS

The guiding question that the researchers
aimed to answer was: To what degree will the flipped

classroom in mathematics contribute to the en-
couragement of critical thinking dispositions
through interaction, problem-solving strategies
and the students’ preparation in mathematics?

The flipped classroom was introduced to
students. Concept videos were made and the
students were requested to watch these videos
and to look at notes and videos for which links
were supplied in order to prepare for the next
contact session. The contents of the videos
were based on the outcomes of the module, and
addressed introductory algebra for second-year
mathematics education students. The students
had to pause the videos at certain intervals to
do calculations and practical exercises on the
specific topics, after which the solution or part
thereof was provided and discussed in the vid-
eo. During the contact session time was spent
on the discussion of difficult concepts, and more
advanced problems were solved individually and
in groups. The students were also encouraged
to reflect on their problem solving.

Quantitative Data
Interaction

Interaction in class is important as students
are exposed to other students’ ideas and a vari-
ety of approaches in problem solving (Van de
Walle et al. 2013). This implies that students need
to be tolerant of different ways of doing things,
be flexible in their thinking in order to see situa-
tions from different points of view and to think
and communicate with clarity and precision.
Conditions for respectful discourse can encour-
age understanding and create communities of
practicing mathematicians (Forman et al. 1998).
This is confirmed by 65 percent of the respon-
dents, who strongly agreed that they preferred
more in-class learning activities. 61 percent of
the respondents found communicating with the
lecturer in class valuable, while 74 percent of the
respondents found communicating with peers
in class on problem solving more helpful after
having watched the concept videos as shown
on Table 1. The quantitative data is supported
by the narrative responses of the respondents.
The flipped classroom furthermore also encour-
aged the students to take responsibility for their
own learning.

It seems that the flipped classroom encour-
ages students’ habits of mind through interac-
tion and classroom discussion.
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Table 1: Respondents’ responses on interaction

Interaction Strongly Agree Disagree Strongly
agree disagree
I prefer more in-class learning activities 65 30 4 0
I found communicating/interaction with mylecturer in 61 35 0 4
class valuable
After having watched the concept video, | found 74 4 9 13

communicating with my peers in class on problem
solving helpful

Homework and Preparation

Homework and preparation are normally con-
sidered to be a huge problem as students tend
to copy each other’s work. Persistence as a hab-
it of mind is very important and students should
be taught to use different approaches and to
test their ideas (Clarke and Clarke 2003; Curran
2013; O’Daniel 2013). This is supported by 78
percent of the respondents, who strongly agreed
that they understood concepts better after
watching them on video before the contact ses-
sion. Doing homework after watching a concept
video was strongly agreed upon by 70 percent
of the respondents. The flipped classroom is
another approach that students can use to learn
to persevere as this creates opportunities for
them to relook at the same problem a few times
until the concept is mastered. As soon as stu-
dents can master a concept on their own, their

Table 2: Respondents’ responses on homework

confidence in reasoning is also encouraged. The
students also realised the importance of coming
to class prepared as 61 percent of them strongly
agreed that they put in more effort than before
they were expected to use the flipped approach.
This also allowed them to take responsibility, be
prepared and gain value from problem solving
in class instead of mastering concepts in con-
tact sessions. Table 2 indicates how respondents
benefited from homework and preparation.

Problem Solving

Problem solving should be an integral part
of mathematics instruction as it encourages stu-
dents to build upon their own thinking process-
es. This is supported by 45 percent of the re-
spondents, who agreed that they could use dif-
ferent problem-solving strategies and skills as
shown on Table 3.

Homework Strongly Agree Disagree Strongly
agree disagree
I understand concepts beter when | watch thembefore 78 13 0 9
the contact session
It was easier to do homework after watching a concept video 70 17 9 4
I put in more effort than before my lecturer used the 61 22 9 9
flipped approach
Table 3: Respondents’ responses on problem solving and performance
Problem solving and performance Strongly Agree Disagree Strongly
agree disagree
I understand Mathematics better with the flipped 14 50 18 18
classroom approach
My marks in Mathematics approved 39 30 13 17
My knowledge of Mathematics improved 61 26 13 0
The flipped classroom supports my learning 65 17 0 17
I can now use different problem solving strategies and skills 45 32 18 5
I can successfully use higher order cognitive skills like 43 43 13 0

evaluating, analyzing and synthesizing




THINKING DISPOSITIONS IN MATHEMATICS CLASSES 157

Through reasoning and problem solving stu-
dents’ understanding improves and they are al-
lowed to discard ideas and try out new possibil-
ities. Students’ confidence in reasoning can be
encouraged through problem solving (Heddens
et al. 2009; Facione 2011). When students are
actively involved in problem solving and under-
standing of concepts, their confidence in rea-
soning can improve. The questionnaire data re-
vealed that 50 percent of the respondents felt
confident about their understanding of mathe-
matics, while 61 percent were of the opinion that
their knowledge of mathematics had improved.
The respondents’ data revealed that their knowl-
edge of mathematics had improved and that the
flipped classroom supported their learning and
higher-order cognitive skills.

Qualitative Data

The students wrote narratives on their opin-
ions of the flipped learning environment which
were used to better understand their question-
naire responses. As preparation is of the utmost
importance for performance in mathematics, the
disposition of perseverance by better under-
standing and gaining confidence in reasoning
is enhanced through the concept videos: “The
flipped classroom is of much help during the
contact session, because | have to prepare be-
fore class to see if | do understand the content”.
“The flipped classroom helps because you come
to class knowing what you don’t understand
and the activity done therefore reinforces what
you know or supplement, for you to do the home-
work”. These comments emphasise truth seek-
ing and the skills of problem solving in mathe-
matics. Reflection on a task done is highlighted
by the statement “And on my side it also gave me
time to reflect on my lesson to see if what | did is
relevant to what students must know”. This fur-
thermore stresses the importance of an open mind
as a thinking disposition in mathematics.

The interpretation of the qualitative data ac-
cording to the four pillars and with indicators of
the possible encouragement of critical thinking
dispositions is reflected on Table 4. The respon-
dents’ feedback is in the students’ own words.

DISCUSSION

The findings of this research were guided
by the research question and hypothesis. Al-

though the size of the sample was relatively small
and a pre-test was not given (McMillan and
Schumacher 2006), the authors found that the
H,, hypothesis can be rejected and that the al-
ternative hypothesis can be accepted.

The findings suggest that the education stu-
dents in this pilot group who received flipped
learning instruction demonstrated that they
could successfully use higher-order thinking
skills and problem-solving strategies. The re-
spondents could also successfully use the
flipped classroom approach to support their
learning. They easily adapted to the approach
and strategies as demonstrated by the mathe-
matics lecturer. The in-class activities encour-
aged the development and application of critical
thinking dispositions. The critical thinking dis-
position of confidence in reasoning was en-
hanced by the specific way in which concept
videos were used and also allowed the respon-
dents the opportunity to be better prepared for
contact sessions. The concept videos also
helped them to prepare for exams. In a study
conducted by Triantafyllou et al. (2015) students
similarly responded positively on the advantage
of concept videos and the ability to pause and
rewind the videos which reportedly lead to man-
agement of their cognitive load. This approach
introduced the students to a new pedagogical
model which had the added advantage of en-
couraging critical thinking dispositions. The stu-
dents’ confidence in reasoning and open-mind-
edness of views increased as they were more
willing to share ideas and participate in prob-
lem-solving activities in class.

The results suggest that the education stu-
dents in this pilot group who received flipped
learning instruction could successfully use high-
er-order skills and problem-solving strategies,
which are considered important in mathematics
education. The in-class activities encouraged
the development and application of critical think-
ing dispositions such as open-mindedness and
perseverance. The data revealed that the stu-
dents showed confidence in using mathematics
to reason and to solve problems, which is an
integral part of all mathematics learning. Stu-
dents should be able to evaluate and justify their
solutions and therefore the disposition of an
open mind and perseverance are crucial. The
students were seeking the truth as they report-
ed that they re-watched the videos to gain a
better understanding of concepts. They indi-
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Table 4: The four pillars and critical thinking dispositions

Four pillars of Student feedback Critical thinking dispositions
F-L-1-p™
F: Flexible All in all, the flipped classroom was fun, we got to do “Sharing of ideas

environment

L: Learning
culture

I: Intentional
content

P: Professional
educator

group work which brought us close and allowed us to
share our thoughts with our peers, acquire the skill of
working together and to learn from each other.”

“... and in class that’s where | have a chance to see if |
did understand and as the lecture is introducing the
concept to us that’s where some of the things become
clear and the knowledge build up from where | did find

«ifficulties during my preparation. So this is of much

benefit and | think is one of the greatest ideas the lecture
have introduced to us to be more responsible on our
studies and one thing that | do like about the flipped
classroom is that even during contact session the lecture
don’t assume that we did understand the content on our
own, but she tries to help where we ask for her assistance.”
“The flipped classroom is of much help during the contact
session, because | have to prepare before class to see if |
do understand the content” “The flipped classroom helps
because you come to class knowing what you don’t
understand and the activity done therefore reinforces what
you know or supplement, for you to do the homework.”
“| personally enjoyed the flipped classroom since to me
doing more applications is much more profitable than to
know a little about the content™

“At first | thought to myself this just will be a waste of time
but when | sat down and watched the videos to prepare
for class | realized that watching a video is better than
using a book.” “I found the flipped classroom required
us to do more work in terms of preparing for class — you
were screwed if you didn’t. It allowed us to know what we
didn’t understand when we went to class.”

“... when | had questions | was able to bring them to the
contact sessions and be answered, that is what | think
helped us as students to understand MATE221 a whole
lot better.” “Presenting a lesson in the form of a video is
much more interesting because if your students have the
video they can go back to the parts which they did not
understand.”””And on my side it also gave me time to
reflect on my lesson to see if what | did is relevant to what
students must know.”

*Communicate with clarity and
precision

“Problem solving

*Truth seeking

“Perseverance

*Confidence in reasoning

“Truth seeking

Perseverance

“Confidence in reasoning
“Open-mindedness

cated that they had been exposed to skills equip-
ping them as prospective educators to show
tolerance and an open mind when learners’ cal-
culations might differ from theirs and when the
lesson might move in different ways than antic-
ipated depending on their students’ interactions
and responses when reasoning in the mathe-
matics class.

The respondents could also successfully
use the flipped classroom to support their learn-
ing. They easily adapted to the approach and
strategies. The critical thinking disposition of
confidence in reasoning was enhanced by the
concept videos and also allowed the respon-
dents the opportunity to be better prepared for

contact sessions and for the exams. This ap-
proach introduced the students to a new peda-
gogical model which had the added advantage
of encouraging critical thinking dispositions.
Students need dispositions that will enable them
to persevere with more challenging problems, to
take some responsibility for their own learning,
to communicate their reasoning with clarity and
precision and to show confidence in mastering
mathematics.

As noted by Frydenberg (2012), an added
advantage of teaching using this pedagogical
method is that it models an experience that pre-
pares students for their careers, in this case par-
ticularly their careers as educators.
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CONCLUSION

The researchers acknowledge that no gen-
eralisations beyond the scope of the data can
be made. However, the present study can serve
as a point of departure for further studies to
identify similarities and differences within other
student populations in other contexts.

RECOMMENDATIONS

Even though the implementation of the mod-
el in this research project delivered positive re-
sults, it is not the intention of the authors to
advocate replacing the lecturer or traditional text-
book or study material with online videos. The
intention is rather to encourage educators to
create more opportunities for dynamic learning
through discovery and involvement, instead of
lecturing in and creating an environment in
which the students are passive.

The tasks performed by students while
watching concept videos could be expanded.
They could, for example, be required to com-
plete a short online test on the learning manage-
ment system after having worked through the
video. Concept videos could be enriched by
using online tools which would allow questions
to be added in the video and prevent the stu-
dents from continuing until all the questions have
been answered correctly.

LIMITATIONS

Although the findings of the research may
still be relative, they have implications for teach-
ing mathematics. This research was a small-scale
study and restricted to one university and one
subject area at tertiary level, and therefore the
results cannot be generalised. Amore extensive
study could be undertaken to determine the im-
pact of flipped learning on the critical thinking
dispositions of education students taking math-
ematics as a subject.
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