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ABSTRACT

With the growing research on visualization in mathematics, it is important to understand how
visualization intervention strategies impact learners' solving and success of mathematical word
problems. This study focused on exploring a visualization intervention in a grade 7
mathematics classroom in the Pinetown District of KwaZulu-Natal. The methods used by
learners and their effectiveness in solving word problems were investigated as this formed the
basis of this study. Their understanding of the methods and strategies chosen was revealed
through an interview, leading to a visual intervention on how they (learners) can become better
visualizers. Boonen, Van der Schoot, Van Wesel, De Vries, and Jolles, (2013, p. 57) asserted
that the difficulties learners encounter in solving word problems emancipate from lack of
understanding of the problem text, identifying solution-relevant components, the relations
between them, and making a complete and clear representation of the situation described in the
problem. Good problem solvers ought to have a good understanding of the text and strategies
required for every given problem, and for this to take place, learners are required to think
visually. Visualization and its importance in mathematics or in solving mathematical word
problems cannot be overstressed. It is a skill that learners ought to possess to become good
problem solvers. Therefore, it is not enough for learners to possess these skills and form visual
images, but they also should be able to use the skills when required and for analytical reasoning.
Hence, the reason for conducting this study is for learners to be taught these skills and strategies
through an intervention process and determine the effectiveness of the intervention given to
them. Data was gathered using a qualitative research method. An interpretative approach was
used, which helps to understand what is being understudied. Learners were given word
problems to solve, and a one-on-one open-ended interview was conducted on randomly
selected learners from the class. This research was conducted in the naturalistic setting of the

participants; the sample was purposive and convenient.

The conclusion drawn from the investigation findings has shown that learners do not have a
natural inclination to use diagrams or any visualization form before the intervention strategies
were introduced. Secondly, evidence suggested that learners' strategies in completing the initial
task administered were not all effective. Finally, there was a significant improvement in
learner’s performance, their use of visuals, and the accuracy of their methods after the

intervention process.
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CHAPTER ONE

1 Introduction and overview of the study

Over the years, learners have struggled with problem-solving in mathematics, which also
affected their performance level in the classroom as they pictured it (word problem) as an
aspect of mathematics that is difficult to understand. There is always a notable difference in
learners’ performance in number problems and word problems, as they found the latter more
difficult to attempt. Learners often gave reasons like not knowing what to do, how to solve the
questions, and not understanding the problem at hand when solving word problems in
mathematics. For learners' insight into mathematical word problems to be boosted, it is

important that visualizations among learners are given great attention.

For this to be achieved, visualization ought to be taught to learners by their teachers and
opportunities for continuous use in the classroom should be encouraged. Presmeg, (2014, p. 7)
stated that the lack of desire for learners to use visualization when solving mathematical
problems results from the little attention given to visualization in the mathematics classroom.
Visualization has been an aspect of mathematics that has not received much attention in the
research area, which could be why much attention is not given to it in the classroom. This is
supported by Presmeg, (2014, p. 1) that over the years, out of the literature out there, not many
of them are focused on visualization. Hence, the need for more research in the area of
visualization and, most importantly, its intervention. The more we have studies that talks about
how learners can be assisted visually through intervention, how it can be promoted in the
classrooms and teachers getting the necessary support needed to equip them, the more benefits

and success will be recorded.

Visualization strategies are essential tools that can be used in solving mathematical word
problems. It plays a big part in mathematics learning, particularly in word problems. It helps
learners think and represent words using diagrams, lines, pictures, colour, graphs, and so on,
leading to developed mathematical thoughts and an appropriate solution. Visualization can be
termed as the ability to see, understand and represent a problem with the aim of solving it. De
Koning & van der Schoot, (2013) supported the claim that when learners are able to visualize
on their own, it can be an effective way to better understand problem texts. This is why this
study is important as the intervention was aimed at assisting learners become better visualizers

using different strategies. Previous research showed that there has been some studies on



teaching intervention to help equip teachers become problem solvers with the use of visual
strategies but not enough intervention has been given to helping learners become real problem
solvers. Thus, teaching learners to use visual representations when solving problems could be

an effective way to support word problem solving (Van Garderen & Montague, 2003).

1.1  Purpose of the study

The purpose of this study is to investigate how visualization intervention impacts on learners
success in a mathematics classroom. With the growing research on visualization in
mathematics, it is important to understand how visualization intervention strategies impact on
learners solving and success of mathematical word problems. This study focused on exploring
a visualization intervention in a grade 7 mathematics classroom. The methods used by learners
and its effectiveness in solving word problems were investigated as this formed the basis of
this study. Their understanding of the methods and strategies chosen was revealed through an
interview, leading to a visual intervention on how they (learners) can become better visualizers.
Boonen, Van der Schoot, Van Wesel, De Vries, and Jolles, (2013, p. 57) asserted that the
difficulties learners encounter in solving word problems emancipate from lack of
understanding of the problem text, identifying solution-relevant components, the relations
between them, and making a complete and clear representation of the situation described in the
problem. Good problem solvers ought to have a good understanding of the text and strategies
required for every given problem, and for this to take place, learners are required to think
visually. Visualization and its importance in mathematics or in solving mathematical word
problems cannot be overstressed. It is a skill that learners ought to possess to become good
problem solvers. Therefore, it is not enough for learners to possess these skills and form visual
images, but they also should be able to use the skills when required and for analytical reasoning.
Hence, the need for this study to be carried out, for learners to be taught these skills and
strategies through an intervention process and to determine the effectiveness of the intervention

given to them.

Once learners know what to look out for when confronted with mathematical word problems,
choosing a visualization strategy to solve them becomes easy. When learners are able to
visualize, it can be an effective way to understand better problem texts (De Koning & van der
Schoot, 2013). The study conducted by Lowrie, Logan, Haris and Hegarty (2018, p. 9) affirmed

that a classroom-based intervention program can improve students' spatial reasoning at scale.



From the above finding, it was evident that if proper visualization intervention is provided for
learners, it may cause an improvement in the way they visualize, making them better problem
solvers. This will add to the impact of visualization in mathematics learning which, according
to (Mudaly 2014, p. 4), has been neglected in the past. The study carried out is of great

relevance as it helped shed more light on the effectiveness of visualization intervention.

1.2 Significance of the study

The National Curriculum Statement (2012, p. 5) aims to produce learners who can identify,
solve problems, and decision-makers that can think critically and creatively in our mathematics
classroom. To achieve this in our classrooms, their visualization skills and strategies needed
to be improved. This study's findings are important to impact the effectiveness of visualization
intervention in solving mathematical word problems in the classroom. Also, this study's
findings may help improve and increase teacher's involvement in producing visualizers in our
classroom. Increased support on how teachers can be further equipped and trained for the

learners' benefits may be created through this study.

1.3 Rationale for the study

Visualization is an essential tool in the learning and solving of word problems in a mathematics
classroom. The researcher was interested in first investigating the visualization strategies that
learners use in a mathematics classroom and further determined the effectiveness of their
strategies in solving the problems. The researcher's focus was on improving learner's problem-

solving strategies through visualization intervention in a particular context.

1.4  Research questions

The study focused on exploring the visualization strategies used in a grade 7 mathematics
classroom. The aims and objectives of the study were used to formulate the research questions,
which were:
» Firstly, to investigate the visualization strategies that grade 7 learners use in a
mathematics classroom.
» Secondly, to determine the effectiveness of their strategies in solving problems.
» And thirdly, to explore how their problem-solving strategies can be improved through

a visualization intervention.



The three research questions that were investigated in line with the purpose and objectives of
this study were:

» What visualization strategies do grade 7 learners use in a mathematics classroom?

» How effective are their strategies in solving problems?

» How can their problem-solving strategies be improved through a visualization

intervention?

1.5 Structure of the study
The following structure has been used to approach this study.

Chapter one introduced an overview of this study. It presents the study's background, the
purpose of conducting the study, significance and rationale of the study. The research questions

were also introduced in chapter one.

Chapter two reviews the literature related to this study. This chapter examined visualization,
its role in problem-solving, visual thinking and intervention in mathematics. Also, problems
that may hinder learners' drawing from past literature were considered and possible ways to
alleviate the problems mentioned in this chapter. The role mathematics educators' play in
equipping learners with the necessary skills was mentioned as findings has shown how

effective it can be, if and when introduced in the classroom.

Chapter three presents the theoretical framework that underpins this study. Activity theory

which forms the framework of the study, is discussed.

Chapter four is an overview of how the research study was conducted by outlining the
methods and processes employed in carrying out the research with ethical considerations. The
chapter started with a list of research questions and the approach taken to carry out the research
study, which was a case study approach. A discussion of the paradigm used was discussed,
which was interpretive and qualitative in nature. This was followed by discussions on the
research design, methods and methodology, which was how data was collected, and the

procedures followed.

Chapter five explores the analysis of the data collection and study findings. The study carried

out established the type of visualization strategies used by grade 7 learners when solving word

4



problems in mathematics. The data collection in the form of a task-based worksheet and
interview outlined the effectiveness of a visualization intervention in a grade 7 mathematics

classroom.

Chapter six, the final chapter in this research, presents the conclusion that was drawn based
on the research carried out. This chapter also discusses the study results in response to the three

research questions and recommendation for further studies.



CHAPTER 2

2 Literature Review

A literature review is done to give readers insight into research conducted in the field that is to
be researched. Findings and how it relates to the research to be conducted is looked into as
well. In this chapter, the literature review related to visualization, its role and benefits, problems
and intervention is discussed. It is evident that mathematics is viewed globally and not only in
South Africa as a very effective tool that is needed in our everyday life. On the other hand,
most learners believe that it is a difficult subject to tackle. Some have grown with the
misconception that you are either born with the required skills, abilities and mathematical brain,
and it cannot be learned. This has been observed in my over ten years of being a mathematics
educator, thus being part of what has also added to the number of failures recorded in our

mathematics classroom in South Africa.

For knowledge insight in mathematics to be boosted, as it has been seen as a universal language
that ensures the expressions of thoughts by way of shapes, signs and symbols, it is of necessity
that visualization among learners is enhanced. With the necessary support put in place at
schools like the intervention that will be administered to learners in this study, it is envisaged
to influence learner's interest in mathematics. This can only be achieved if visualization is
introduced/or taught to learners by the teacher with opportunities for its continuous usage being
introduced. Govender, (2016. p. 26) stated that when a teaching system is learner-driven, it
brings about greater learner involvement and control, promoting meaningful classroom
interaction. As facilitators of the learning process, learners should be involved and allowed to
take charge of their learning as it becomes meaningful to them rather than transmitting

knowledge.

They also need to have adequate knowledge of how a problem is solved, as when they are
knowledgeable in this aspect, it provides them with the necessary skills needed, making
visualization possible. Bansilal and Naidoo (2012) note that learners' activities should be part
of an investigation that gives them an opportunity to discover the mathematical concept such
that learners will have a meaningful understanding when such a concept is applied later on.
This should be the case when learners are taught visualization strategies. Furthermore, Bansilal
and Naidoo (2012) also remarked that visualization promotes investigation and discovery

through the use of diagrams, concrete manipulatives and models. Findings have shown that not
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much attention has been directed to visualization and its intervention like it ought to; hence
there has not been many articles as should be, addressing visualization intervention in solving
mathematical word problems (Presmeg 2014, p.1). Also, Presmeg (2014, p. 1), stated that very
little literature out of the many out there focused on visualization over the years, with very few
research conducted in the 19" century. Towards the end of that century, there was a developed
interest in the topic of visualization research in mathematics education. Presmeg (2014, p. 1),
stated that only a few articles specifically addressed visualization while others did not make it
(visualization) their primary focus. This shows that more research needs to be conducted in

visualization and its intervention in mathematics, as there is a gap in that research aspect.

This chapter focuses on reviewing available literature on visualization, its roles, problems, and

intervention relevant to this study.

2.1 Visualization

As stated by Sepeng (2014, p. 209), word problems form part of the South African mathematics
curriculum and are used as a vehicle to teach learners how to model problems in primary
mathematics classrooms and strengthen learners' ability to be good problem solvers. For this
to be achieved, learners need to be equipped with visual skills that will make them better

problem solvers.

Anecdotal evidence shows that learners are able to solve routine problems where all it requires
is the application of a formula to arrive at an answer than solving non-routine problems, which
requires them to understand the problem first, think of how to solve them and come up with an
approach that will be suitable for solving the mathematical problem. Previous findings have
shown that the performance rate in problem-solving has been low, be it in the form of tasks,
assessments and homework. This is because learners have shown little or no interest in this
aspect of mathematics, which could result from battling to understand the problem in itself or
not making sense of the problem at hand. This could also be due to not understanding the words
or sentences used, thereby making it difficult to represent the problem in a diagram form.
Learners from the age of 11 ought to be ready for visual imagery in mathematics both
cognitively and meta-cognitively, as when they are equipped with the necessary skills, they
should then be able to visualize on their own. When learners are well equipped with
visualization skills, Govender (2016, p. 35) noted that they acquire the correct technical terms
since they are able to see the definition and experience the meaning. Therefore, educators must

be knowledgeable mathematically and possess the necessary skills, attitude, and ways to pass
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on this knowledge to their learners. Bearing in mind also that learners’ development of
conceptual knowledge in problem-solving and its implementation is dependent on teachers'
understanding of the content and its delivery. In addition to this, teachers also need to empower
learners to be problem solvers in this instance through visualization. Past studies have been
seen as a powerful tool in mathematics education capable of helping learners in a mathematical
classroom, thereby leading them to become good problem solvers. This research focuses on
how visualization intervention can be used as a tool to help learners become real problem

solvers.

The history of visualization in mathematics has been a long one. In a report given by Kadunz
and Yerushalmy (2015, p. 463), which asserted that mathematics educators since the beginning
of the 1980s are interested in the practical challenges of teaching visualization, in visualization
mathematics as exhibits in school or aligned with educational psychology and are in search of
theoretical frameworks. Based on the findings above, visualization has been an aspect that has
been challenging for teachers and learners, but play an essential role in the solving of
mathematical word problem, hence the need for educators to give proper attention to it
(visualization) in the classroom. According to Arcavi (2016, p. 26), visualization is defined by
separate authors as "the process, the ability, interpretation and the product of creation, use of
images, diagrams in our minds, on paper or with technological tools, with the purpose of
representing and communicating information, thinking about and developing previously
unknown ideas and advancing understandings." Research has shown that diagrams can be a
powerful tool if well used in the solving of mathematical word problems. Learners can then
represent the problem diagrammatically if they understand the problem given, as it may lead
them to proffer a solution to the given problem. It then shows that visualization is an aspect
that cannot be trivialized in the teaching and learning of mathematics. It makes learning easier
for learners and helps in the interpretation of mathematical word problems. Ho (2010, p. 2)
also defined visualization as the centre of problem-solving in mathematics, as it also helps
learners see and have a better understanding of a problem situation. Visualization has been an
aspect that helps increase learner's mathematical understanding if it is magnified in them.
Suppose learners are equipped with the necessary skills. In that case, they begin to make sense
of whatever problems they are presented with within the classroom by first visualizing, which
then helps and make it easier for them to solve the problem presented to them. It is worthy of
note that if visualization does not come naturally to learners, the teacher's responsibility is to

create an avenue that will ensure that these skills are developed in them, thus making them
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visualizers. Visualization and its importance in mathematics cannot be overemphasized as it is
an aspect that ought to be developed in learners. Furthermore, visualization from gathered
literature is extensive and is not just about pictures and diagrams. It also helps understand and

put together a plan that can be used to solve a problem.

According to Muchoko, Jupri and Prabawanto (2019, p. 2), learners are used to mechanical
procedures for solving problems in mathematics without making sense of it. This is due to
difficulties encountered in understanding words, phrases or sentences and coming up with
equations, schemes or diagrams. This is a problem that is common among learners who have
passed through me over the years. Furthermore, they established that visual representations
such as diagrams and schemes facilitate understanding (of fractions) and reduce difficulties

learners may face when dealing with abstract concepts (Muchoko, Jupri and Prabawanto 2019,

p. 2).

Small (2012, p. 21) stated that an essential component in mathematics learning is reasoning,
irrespective of the learner's grade. Therefore, it is necessary to ensure that learners from an
early stage are encouraged to become logical in their thoughts. He further stressed that in order
for learners to be competent at reasoning and explaining, visualization has been identified as a
required skill. It is a powerful tool that helps learners better understand the concept taught
(Muchoko, Jupri and Prabawanto 2019, pg. 2). Also, in an important research forum,
Zimmerman and Cunningham (1991) described visualization as a medium for meaningful

problem-solving in algebra aside other topics.

From the statement above, it then implies that visuals can play an important role in making
mathematics easily accessible and approachable for learners, which can only be possible if
they, in this instance learners are introduced to it as well as encourage its usage and
development in the classroom. One of the reasons why learners are not motivated to using
visuals is because of the minimal attention that's been given to it in the classroom. If learners
see its usefulness, they begin to value it and see it as a tool that can be used when solving

mathematical word problems, leading to a better performance in mathematics.

Also, according to Kashefi, Alias, Kahar, Buhari and Othman (2015, p. 803), visualization for
learners should be enhanced to boost the knowledge insight in mathematics. For this to be done,

Boonen, Reed, Schoonenboom, and Jolles (2014, p. 60) stated that teachers ought to help



encourage learners to use visual representations in a different but flexible and functional way.
This means that learners ought to be able to use diverse kind of visual representations as well
as switch between them when necessary and such representation should fit the problem and
useful at helping to solve the problem at hand. Also, Cappello and Walker (2017 p. 317) had
believed in visuals and visual thinking to providing opportunity and support in terms of the
curriculum that will assist students to reach their academic goals. This statement shows that,
when learners are equipped with the necessary visualization skills, they will be able to think
about the problem so as to understand it, know how a problem can be interpreted visually, as
well as the type of diagram that will be used to solve the problem which tends to help improve
their performances academically. Learners can only get better at using visuals if they are

encouraged to use them consistently.

Solving mathematical word problems from experience as an educator has been an aspect that
learners have struggled with over the years, as it has posed to be difficult to solve. Results from
years of teaching have also shown that learners tend to perform better in number problems than
in word problems. This may be linked to learners not having the required skills aside from other
factors to solve mathematical word problems. Presmeg (2014, p. 7) mentioned in her article
that learners' unwillingness to use visualization when solving mathematical problems is a result
of little attention given to the aspect of visualization in the mathematics classroom. Hence, this
research focuses on learners' use of visualization and how they can be made better visualizers
through proper intervention. In a simple term, word problems are problems that involve words
instead of numbers; hence, it poses to be difficult for learners to solve because of either the
language or the concept is difficult for learners to comprehend. Anecdotal evidence also
showed that learners battle in this aspect; hence, the need to devise ways in which learners can
become real problem solvers. According to Boonen, Van der Schoot, Van Wesel, De Vries,
and Jolles (2013 p. 57), the difficulties encountered by learners in solving word problems
emancipate from lack of understanding of the problem text, identifying solution-relevant
components and the relations between them, making a complete and coherent representation
of the situation described in the problem. This shows that for learners to become good problem
solvers, a good understanding of the text and the strategies to be used are of great importance,
hence the need for learners to become visual thinkers. Findings have also shown that
metacognition is vital in learning and successful problem solving as learners engage in

mathematics word problems (Jacobse & Harskamp, 2012). In driving this further, learners are
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required to be critical thinkers, aside from understanding the problem posed at them as well as

being able to visualize.

Visualization and its importance in mathematics or solving mathematical word problems
cannot be over emphasized. It is a skill that learners ought to possess to become problem
solvers. It is not enough for learners to possess the skills and form visual images, but they also
should be able to use the skills when required and for analytical reasoning. As noted, visual
reasoning is a very important skill needed to deal with real-life situations. An essential feature
of mathematical development is learning to solve non-routine word problems (Depaepe, De
Corte, & Verschaffel, 2010; Jiminéz & Verschaffel, 2014; Swanson, Lussier, & Orosco, 2013).
This is not only restricted to South Africa but primary school worldwide. In other words, word
problems help learners develop mathematically if well equipped with the required skills, which
will also promote success. Learners experience difficulties in the solving of problems, which
is due to inaccurate problem comprehension (Boonen, Reed, Schoonenboom & Jolles, 2016,
p. 56). Visual representations could be used to help learners overcome these challenges or
problems if the teacher gives adequate instructions. Once learners are well informed and know
what to look out for when confronted with mathematical word problems, it becomes easier for
them to know which visualization strategy will be required. Moreover, when learners can

visualize, it can be an effective way to understand better problem texts (De Koning & van der

Schoot, 2013).

Research shows (Boonen, Reed, Schoonenboom and Jolles (2016, p. 60)) that there have been
limited studies on teaching intervention to help equip teachers to become problem solvers and
competent with the use of visual strategies. Also, not enough intervention has been given to
helping learners become real problem solvers, so this intervention study will throw more light
on learners' performance in mathematical word problems. Thus, teaching learners to use visual
representations when solving problems could be an effective way to support word problem
solving (Van Garderen & Montague, 2003) as mathematics is a language that is seen to be rich
in visuals (Mudaly, 2010, p. 36). This also corroborates Presmeg (1985, 1986a, 1986b) who
stated that anyone, in this case, a learner that chooses to use a visual image when there are other
options is known as a visualizer. Hence, if learners are taught to solve the problem by
visualizing it, it becomes easy for them to choose it over other available options. An interesting
quote by Macharia and Wario (1989) goes thus; "What I hear I forget, what I read I remember

but what I see I understand". When learners are taught to visualize, it stays with them and thus
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helps them understand the concept better. With visual intervention strategies, learners can be
equipped with the necessary skills that will make them have a better understanding of
mathematical concepts. From research carried out by Lowrie, Logan, Haris and Hegarty (2018,
p. 9), the study affirmed that a classroom-based intervention program tends to improve
students' spatial reasoning at scale. The above finding shows that if proper visualization
intervention is provided for learners, it may cause an improvement in the way they visualize
and make them better problem solvers. Presmeg (2014, p.7), from her findings, deduced that
learners lack of interest in the use of visualization in mathematics is a result of less importance
given to visual aspects of mathematics in the classroom. This could be a result of educators not
been keen on using it when learners are being taught. Boonen, Reed, Schoonenboom & Jolles
(2016, p. 76) affirmed from the research carried out that educators choice of the use of visual
representations was based on their personal preferences rather than basing it on the best fit with
the word problem characteristics. Therefore, it implies that if educators focus more on
introducing learners to visualization in mathematics, particularly in problem-solving, it will
boost up their interest and usage. The reason is that mathematics is a subject that is complex
and requires adequate prior knowledge and visual abilities to help learners develop and improve
their problem-solving skills. Furthermore, many researchers have also emphasized that
visualization and visual thinking are important for teaching mathematics (Horgan, 1993;
Dreyfus, 1991; Bishop, 1989; Davis & Anderson, 1979) as cited by Yenilmez and Kakmaci
(2015, p.191). Hence, the focus is on making learners visual thinkers and for them to be

instructed on how to use visual representations.

2.2 Visualization and word problem solving

One of the important aspects of mathematics is the aspect of word problem solving; it involves
real-life issues as well as its applications. It is then vital that strategies that will lead learners to
reasonable solutions are selected. This will enable them to solve word problems in mathematics
accurately, making it less difficult. Russell (2018, p. 1) stated that learners ought to know what
to look out for in a question for learners to learn how to solve mathematics problems. This
statement implies that learners should understand a problem first, know what is expected by
either highlighting the vital information, collecting the appropriate information, knowing the
procedure to use, how to apply it, identifying and using the strategy that will lead them to the

correct answers.
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From various researches that have been carried out in the line of visualization, it has been
established that the role of visualization in mathematics cannot be overemphasized. This tells
us again that visualization plays an important role in a mathematics classroom. It goes a long
way to helping learners better understand concepts if well applied and achieve success in
mathematics. For success in problem-solving to take place, learners should be provided with
the required avenue that will expose them to applying different visualization strategies to solve
mathematical word problems. Kashefi, Alias, Kahar, Buhari and Othman (2015, p. 803) stated
that to boost the knowledge insight in mathematics, visualization among students must be
enhanced. Learners can become successful in problem-solving if visual representations that
can lay emphasis on spatial relationships can be introduced in the classroom. When learners
become successful in problem-solving, they can reduce a problem to its essential in a sensible
manner, which is called reduction. To achieve such concept, visualization and structuring aids
are often used, such as informative figures, diagrams, tables, solution graphs or even terms.
These heuristic tools are also very well suited to document in retrospect the approach adopted
by the intuitive problem solvers in a comprehensible way (Liljedahl, Malaspina, Santos-Trigo

& Bruder, 2016, p. 4).

It can then be said that visualization exists to better understand problem-solving as it is the
ability to see, understand, and represent a problem to solve it. According to Sepeng (2014,
p.103), learners need to identify the problem and find functions that link several entities in
solving story problems. Visualization based on researches carried out thus far has been
identified as a tool/strategy that helps learners solve mathematical word problems. Hence, this
study will further look into how visualization intervention can help learners become better
problem solvers in a particular context. Many studies have proven and shown the beneficial
effect of visualization in problem-solving through the diagram's representative (Kashefi, Alias,
Kahar, Buhari and Othman (2015, p. 805). The research carried out by Kashefi et al. (2015, p.
807) showed that from 26 studies chosen for analysis, all their findings revealed that
visualization helps in the problem-solving process. This is not far from being true as it helps
with understanding and guiding problem-solving methods. This is supported by Cappello and
Walker (2016, p. 319), which stated that visuals could provide access to the core curriculum,
promoting equity for all learners in the classroom. Relating this statement to mathematical
word problems implies that visualization will encourage fairness among learners in the

classroom. It can also help them have a better understanding of the concepts taught by teachers.
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Sepeng and Kunene (2015, p. 103) mentioned that most learners in South African primary
mathematics classrooms struggle with the idea of what constitutes a word problem in the
learning, solving of tasks linked to algebra. Word problems form part of the South African
mathematics curriculum and are used as a medium to teach learners how to structure problems
in primary mathematics classrooms (Sepeng, 2014; Sepeng and Webb, 2012). In the process,
make more vital their ability to be good problem solvers (Sepeng, 2013, 2014). Therefore, there
is a need for educators in South Africa to push for more problem-solving tasks to be taught in
the classroom, as this will help them acquire the necessary skills needed to be real problem
solvers. A review of what solving mathematical word problems within South African
classroom contexts means formed part of recent reports from studies that explored learners'

abilities in solving word problems (Sepeng, 2013, 2014).

The report presented by Sepeng and Kunene (2015, p. 104) inferred that problem-solving
begins when the solver reads the problem text for the solution process, leading to success as
the schemas for problems are activated. In view of this, before a learner can solve a problem
or represent it visually, a level of understanding should have been shown from the point where
the question is read. Hoogland, Pepin Bakker, Koning and Gravemeijer, (2016. p. 30) reason
that a crucial objective of mathematics education is nurturing students' ability to use
mathematical knowledge and skills in solving daily life problems. Making learners become
real problem solvers using visualization as a skill should form part of our strategies as educators

in making them perform better.

23 Visual thinking

Visual thinking can be said to be a characteristic of mathematical practice that cuts across
many subject areas and at many levels. Visual thinking is a body of methodologies that uses
diagrams to represent ideas, concepts, process flows and relationships (Webspirationpro).
Concepts and ideas have been seen to be generally represented by images and text and
connected by lines to show association and represent the flow. Standford Encyclopedia of
Philosophy (2015, p. 1) acclaimed that visual thinking is widespread in mathematical practice
and has varying cognitive and epistemic purposes. Pontis (2015, p. 1) asserts that visual
thinking forms an integral part of visual reasoning as it helps with the development of the
necessary skills needed to use for visual logic. Visual reasoning is needful for learners to

visually scrutinise information visually, enabling them to solve the problem at hand. It is a skill
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required of learners to acquire, and it can be learned the same way logic and critical thinking
skills are learned. Visual thinking involves thinking with external visual representations that
are diagrams, symbol arrays, kinematic computer images, and internal visual imagery (mental
image). Both are often time combined when used and developing both is of utmost importance
as it will help support students learning for solving different types of problems in mathematics.
In other words, visual thinking can be combined with non-visual thinking in solving
mathematical word problems. Albert Einstein, who was cited as a visual thinker, indicated that
visual thinking is active, and not passive. This can then be interpreted to mean that visual

thinking is an act of communication that involves the use of pictures or diagrams.

According to Matheson and Hutchinson (2014, p. 5), representing visual information in
mathematics can be done using diagrams and graphic organizers. Diagrams are visual displays
that use essential information in mathematical word problems. Matheson and Hutchinson
(2014, p. 5-6) inferred that they are typically used to demonstrate how related information can
be used to organize information and compute the answer to a problem. This can be depicted
using a learner's drawing to represent the objects within a word problem. Diagrams can be
pictorial (drawing of important objects within a word problem) or schematic (drawing that
includes the spatial relationships between objects). The graphical organizer is a type of external
visual representation that is always used in mathematics as it further improves the quality of
conceptual understanding in mathematics, Matheson and Hutchinson (2014, p. 7-9). They
stated further that the four types of graphic organizers that can be used in mathematics are:
Semantic maps, Semantic Feature analysis, Syntactic/Semantic Feature analysis and visual
displays, which is a type of graphic organizer that can be used for different purposes in
mathematics. Visual display is what learners require in solving mathematical word problems,

the ability to represent information using diagrams, which will aid the solving of such problem.

Cappello and Walker (2016, p. 317) asserted that visuals and visual thinking can provide
opportunities and strategically scaffold curriculum to help students reach their academic goals.
They (Cappello and Walker 2016, p. 318) stated further in their findings that studies showed
that visual thinking strategies were ways of improving writing (Franco & Unrath, 2014;
Moeller, Cutler, Fiedler, & Weier, 2013), critical thinking (Landorf, 2006; Moeller et al., 2013,
Yenawine & Miller, 2014), and encouraging risk-taking (Franco & Unrath, 2014; Landorf,
2006). From these findings, it can be postulated that when learners are taught and encouraged

to think visually, it develops their thought processes, making them critical thinkers.

15



From the research carried out in the United States of America by Boaler, Chen, Williams and
Cordero, (2016, p.1) they argued that when students learn through visual approaches,
mathematics changes for them, this gives them access to deep and new understandings.
Available literature supports visualization skills and how it is not only a tool required by
learners in South Africa alone but a skill that is required worldwide in order to be able to solve
mathematical word problems and other related concepts in mathematics. For this skill to be
accessible by learners, it ought to be made available to them. This can be made possible by
mathematics educators if and when they introduce learners to such classroom skill. Boaler,
Chen, Williams and Cordero (2016, p. 1) reasoned that good mathematics teachers use visuals,
manipulative and motion to enhance students' understanding of mathematical concepts. The
US national organizations for mathematics, such as the National Council for the Teaching of
Mathematics (NCTM) and the Mathematical Association of America (MAA), have long
recommended using multiple representations in students' learning of mathematics.
Mathematics from research conducted by Boaler, Chen, Williams and Cordero (2016, p. 1)
have been presented as an almost entirely numeric and symbolic subject for millions of students
in US mathematics classes, with a multitude of missed opportunities to develop visual
understandings. It was then stated further that students who display a preference for visual
thinking are often labelled as having special educational needs in schools. As educators, much
emphasis should be laid on the use of multiple representations, including symbols,
diagrams/pictures, words, and models when solving word problems in mathematics in South
Africa and the world at large. The Revised National Curriculum Statement for grade 7-9 in
mathematics (RNCS) and Curriculum and Assessment Policy Statement (CAPS) in

Mathematics (DBE, 2011, p. 5) aims at producing learners that are able to communicate

effectively using visual, symbolic or language skills in various modes. Notions that arise from

learners being labelled as special needs when they exhibit or prefer visual thinking strategies
should be discouraged by educators with proper awareness of the role it plays in mathematics
learning. Diagrams, pictures, graphs, and charts will significantly impact learners as it will give
them a different perspective of how mathematics is perceived in real life. This impact can only
be achieved if and only when educators are also seen as users of these classroom skills. To
further ascertain this, Boaler, Chen, Williams and Cordero (2016, p. 3) stated that many
research studies indicate that teachers who emphasize visual mathematics and who use well-
chosen manipulative encourage higher achievement for students, not only in elementary school

but middle school, high school and college. It was argued based on their findings that, if the
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best teachers are asked about the importance of visual representations, they will share the rich
knowledge they hold, of the deep understanding that is enabled - both from teachers introducing
mathematical ideas visually, and students using visuals to think and make sense of
mathematics. This can only come from an experience of its usage in the classroom and

reflection on how learners have been affected when they were given opportunities to use it.

The significance of visual and visual thinking in mathematics cannot be overemphasized, so
educators need to embrace its usage in the classroom and teach it to their learners, starting from
the lowest level. If learners are exposed to this skill early enough, it becomes easy for them to
use it whenever the need arises. According to Boaler et al. (2016, p. 3), the entire volume from
the Mathematical Association of America (MAA) has been devoted to encouraging visual
mathematics in college. Visual mathematics has been beneficial not only to some selected few
or struggling learners or so-called "visual" thinkers, nor is it only a prelude for abstract
mathematics - visual mathematics is important for everyone, at all levels of mathematics
(Boaler, Chen, Williams and Cordero, 2016, p. 3). This means that from the primary level to
college level, visual thinking ought to be promoted and encouraged by educators. This will

promote success and develop visual thinkers.

24 Role of visualization in solving word problems in mathematics

Research carried out by Huang (2015, p. 1485), established that visualization plays an
important role in the solving of mathematical word problems. Various authors have published
articles on the role visualization plays when used by learners to solve mathematical problems.
It has also been seen to go a long way to helping learners think differently and meta-cognitively,
that-is, higher-order thinking that enables understanding when engaged in learning. According
to Mudaly (2014, p. 3), "In seeking to find the relationship between the visual and the
mathematics, one needs to investigate further the role of visualization in the mathematization
process." This is why it is necessary to find out the role visualization has played and continue
to play in mathematics learning. In order for learners’ understanding of mathematical concept
to be enhanced, visualization in the learning and teaching of mathematics ought to be advocated
for. Also, visualization encourages a higher performance in mathematical concepts as well as
better understanding of the concept, as seen in the result of the intervention carried out in this
study. Yilmaz and Argun (2018, p. 41), from their findings, stated that one of the advantages

of visualization is its development of power for multidimensional thinking in individuals.
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Furthermore, in her study, Naidoo (2012, p. 2) indicated that the master teachers made use of
visual tools to assist learners in understanding abstract concepts to assist and improve
mathematical, conceptual knowledge development. Going by these advantages, it is necessary
to establish and outline the roles visualization plays in mathematics learning, as individuals
develop the capacity for collective discussion and exchange of ideas by looking at events from

different perspectives.

One of the roles of visualization, as Yilmaz and Argun (2018, p. 41-43) stated, is that it
develops the power of multidimensional thinking in individuals. Secondly, it organizes
knowledge as meaningful constructions and plays a significant factor in guiding the analytical
development of a solution. Also, in Presmeg's (2006) visualization-related studies, cited in
Yilmaz and Argun (2018, p. 43), she suggested a crucial need for research on visualization in
solving mathematical problems and in learning and teaching mathematics at a different level.
She stressed that analyzing visualization is important in the development of a concept. Huang
(2015, p. 1485) also indicated that visualization is a critical aspect of mathematical thinking,
reasoning, and understanding. In his article, he further stated that researchers have also
argued that visual thinking is an alternative and powerful resource required for students to
do mathematics, and solving a problem can be carried out through visualization.

Similarly, from Huang's (2015, p. 1487) finding, it was detailed that visualization allowed
students to control a larger number of conditions simultaneously, while in the symbolic
representation, students may only control one requirement at a time. From a teaching
perspective, visualization as a meta-cognitive skill can be used to control fractions and other
mathematics concepts. When learners are well equipped and sound in problem-solving skills,
they develop confidence and potential to perform whatever task is set before them and even
better. Hence, the need to equip them with visualization skills that will promote success in
mathematics as educators. In a past article by Naidoo (2012, p. 2), she argued that when
visual tools are used in solving problems in mathematics, they lead to exciting results in the
teaching and learning of Mathematics. Furthermore, it was ascertained that master teachers
in the research she conducted used visual tools in mathematics classrooms to make sure that
the mathematics taught was easier to remember, more interesting and fun, more accessible,

comprehensible, and concrete (Naidoo, 2012, p. 3).

It is also expedient to consider the roles of visualization that Ho (2010, p. 1) identified below.

It is useful in the solving of word problems and will be helpful when learners apply it. Before
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learners can begin to think of solving a problem in mathematics, it is important that the
problem posed at them is first understood. When learners think visually, they can simplify
the problem diagrammatically or in the simplest way they can, which then makes for a better
understanding of the given problem. When learners better understand problems, a solution
can then be proffered. Visualization is also useful in allowing for a recall of prior knowledge
of a similar problem that has been solved previously, which then creates an avenue for a
similar one to be solved using the same or similar approach. When learners become confident
in visual skills, they are seen to use representations that they prefer. From their visual
representations, an answer can be directly derived without a need for computation. It is also
interesting to show learners that their answers' accuracy can be checked from the visual
representation presented. Hence, it may serve as a tool to check the solution. It is paramount
for educators and learners to be mindful of the role visualization play and its usage, as it will
go a long way to helping them in their problem-solving process. Much emphasis has been
laid on the importance of learners developing their skills in both problem-solving and
visualization by The Revised National Curriculum Statement (RNCS), and Curriculum and
Assessment Policy Statement (CAPS) in Mathematics (DBE, 2011, p. 12). With the attention
that has been drawn to it, the experience gathered as a mathematics teacher and reports amassed
from various researchers' points to the fact that visualization has not been accepted and used
the way it ought to be by educators in teaching learners. Learners have also not embraced its
application in the problem-solving process.

Visual representation has been seen as an essential skill; this is perceived so because higher-
level math and science courses increasingly draw on visualization and spatial reasoning skills

to solve problems (Zhang, Ding, Stegall, & Mo, 2012, p. 168).

It has also been more significant in learners' mathematical thinking and problem-solving
experience, as pictures can provide an important tool for learning. Visualization tends to give
meaning, depth, and guide to solving word problems in mathematics (Zimmerman and
Cunningham, 1991). Mudaly (2010, p. 36) also stated that Mathematics is a language that is
rich in visuals. This implies that it is a subject that can be communicated using diagrams,
pictures, graphs, symbols, and even gesture as it indicates visual thinking. Researchers cannot
overemphasize the importance of visualization and visual thinking in the teaching of
mathematics. It is expected of mathematics educators to embrace this approach to ensure that
learners are equipped with these skills to improve their problem-solving performance. It has

been observed from experience that learners do not use visualization tools when solving
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mathematical word problems. Presmeg's (1985) research cited in (2014, p.16) argued that
learners who can visualize in mathematics may prefer not to use it on some occasion. Hence,
the need to investigate, then procure and bring in an intervention strategy with the hope of
making learners become better visualizers. This intervention aims to procure solutions to
difficulties that have been identified in the process of teaching and learning. Learners can then
benefit from the intervention and can communicate it if used correctly, but it could also give a
wrong impression in mathematics if learners misuse them. This is where the teacher's
intervention comes in, to equip learners with the necessary skills that will make them become
good visualizers when solving mathematical word problems. Hoogland et al. (2016, p. 25)
ascertained that students perform better when they use visual or schematic elements relevant
to their problem-solving process. It is assumed that visual representation should clarify problem
structure by making visible all relevant information needed to solve the problem at hand, such
as the numerical, spatial relations between solution-relevant elements and linguistic (Boonen

etal., 2014, 2016 p. 57; Krawec, 2010, 2012).

When learners use pictures and diagrams, it helps them better understand the problem at hand,
which leads to the solving process. Van Garderen and Montague (2003) also ascertained that
when visual representations are used when solving word problems in mathematics, it could
effectively support word problem-solving. Aside from visualization supporting learning
through reasoning, thinking or remembering, it can also help develop learners. Yenilmez and
Kakmaci (2015, p.191) described spatial visualization ability as a potential to change and use
objects in picture form or a piece of it in mind. It can also be seen to lessen wrong
interpretation. This is ascertained by Yilmaz et al. (2009), who stated that visualization process
can lead to a mental transformation which then leads to a successful understanding of a concept.
This view has been seen to help learners perform better in some aspects of mathematics, as
visualization has the ability to make seeing and understanding a problem possible. This implies
that learners who are not visualizers may battle in some aspect of mathematics. According to
Yenilmez and Kakmaci (2015, p. 191), visualization also allows for a better understanding of
abstract and complex mathematical subjects; it also advances learners' ability to think out of
the box. With visualization, aspects that are seen as abstract or difficult becomes less difficult
and real when represented using diagrams or pictures. This is why it is necessary for learners
who are experiencing difficulty in mathematics to be equipped with visualization skills. Also,
Yenilmez and Kakmaci (2015, p.193), based on their research findings, discovered that when

visualization skills were increased in learners, their abilities and skills in mathematics
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increased. Through visualization, learners' thought can also be developed as it is an important
skill required to learn and implement mathematics. The role of visualization in learner's thought
process and in the experiences gathered in solving mathematical problems has become
impressive, so learners must be equipped with skills required to become good problem solvers.
This can be explored through the intervention process that will be provided in the process of

carrying out this research.

According to Muchoko, Jupri and Prabawanto (2019, p.1), visualization representations such
as diagrams and schemes help understand fractions and minimize difficulties learners may
encounter later when they are faced with abstract concepts. This statement also establishes the
role visualization will continue to play in the teaching, learning, and solving of word problems
in mathematics. As mentioned in meta-analysis research carried out by Kashefi, Alias, Kahar,
Buhari, Zakaria and Mirzaei (2015, p. 808), students' mathematical knowledge are boosted and
established when encouraged to use diagram as a tool in problem-solving. Tanton (2016, p.32)
argued further that when a diagram is drawn for a problem that has been described in words,
the first step to solving it becomes evident. It is then essential that learners are equipped with

visualization tools as it plays an essential role in problem-solving.

Cappello and Walker (2016, p. 317) are confident that visualization and visual thinking can
give access and scaffold curriculum in a strategic way such that students will be assisted in
reaching their goals academically. This implies that visually when learners are confident when
solving mathematical word problems, it can lead to their success. This is also corroborated by
Tanton (2016, p.7) which stated that a key component to mathematical success is the art of
thinking visually. Budaloo (2015, p.38) also stated that visual imagery can be seen as a way of
constructing knowledge. This knowledge construction can be attained through paper or pen
diagrams, pictures, charts, gestures and other concrete objects. If learners are encouraged to
visualize, it helps them become better achievers and good problem solvers. They will always
picture or draw a diagram whenever they are given word problems in mathematics. Also, if
learners are made aware of the role of visualization in the solving of mathematical word
problems, it may create some sort of motivation in them to choosing it when solving similar
problems later in future. Siew Yin (2009, p. 3) stated that as learners use visualization to solve
problems, it plays different functions, which are: to understand the question, simplify the
question, see connections to a related problem, cater to individual learning style, as a substitute

for computation, as a tool to check the solution and to transform the problem into a
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mathematical form or problem that is, to understand how the elements in the problem relate to
each other. When learners can represent a problem visually, it makes them understand how the
elements in a problem connect. Visualization not only plays a role in problem-solving but in
all aspects of mathematics which is why learners need to be equipped with these skills and

probably provide intervention in the process.

Hunt and Vasquez (2014) focus was on an intervention designed to help grade six through
grade eight learners as they advance in the understanding of the concept of ratio equivalence
through a multiple-baseline-across-participants design. However, it is expected that the
intervention that will be designed in this research should help learners develop a better
understanding of visualization and better at using visualization skills and strategies, which is
the focus of this research. Research has it established that when visual representation is used
correctly, it can help facilitate word problem, assist in recognizing the needed solution
processes and as a result adds to successful problem-solving in mathematics (Boonen et al.,
2013, 2014, 2016 p. 58; Hegarty & Kozhevnikov, 1999; Van Garderen, 2006; Van Garderen
& Montague, 2003).

Available literature seems to support visualization as a strategy that learners can use when
thinking of the best way to solve a mathematics problem. It should be worth noting that it is
not a skill that comes naturally to learners, as it ought to be taught by teachers and practised by
learners before they can be confident enough to use it. Hence, the need for teachers and even
In-service teachers to be provided with the necessary support, as the use of visual tools in the

classroom is beneficial.

2.5 Problems encountered by learners in visualization

Boonen, Reed, Schoonenboom and Jolles (2016, p. 55) stated that many learners struggle when
solving word problems as a result of inaccurate problem comprehension. Some learners also
experience difficulty with word problems because of some learning disabilities, which can be
in the form of language that is reading and comprehending a word problem. When learners
cannot comprehend or understand a word problem, it becomes difficult to interpret it visually.
Furthermore, this disability can take a non-verbal form where learners experience a significant
discrepancy between visual-spatial and social skills (effective communication with others,
active listening). Visual-spatial can be understood as a situation whereby learners lack the

required skills to process and solve problems mathematically. It is a required skill needed in a
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mathematics classroom. Over the years, mathematics learners have shown little or no interest
in visual approaches to supporting meaningful learning, which is why teachers should create
an atmosphere that will encourage learners to be visualizers. Part of the problems encountered
by learners is the ability to generate visual images but not able to use them for analytical
reasoning. Teachers should also ensure that problems posed to learners are accurate and
without errors, as well as ensure that learners know what to look for when solving mathematical
word problems and perhaps how to solve the problem. Some of the problems encountered by
learners can be reduced when mathematics educators instruct learners on how visual
representations can be used (Boonen, Reed, Schoonenboom and Jolles 2016, p. 74). Also,
some learners may find it challenging to find the important information required in the problem
posed at them, which may be due to lack of comprehension and or not being able to paraphrase
or summarize the question so as to be able to represent it visually. It may then be said that
language can pose as a problem. However, for barriers to be avoided, emphasis should be
placed on visualization (Govender, 2016, p. 35) during teaching and learning. This is why the
teacher's knowledge of visual representations is essential to instructing word problem

comprehension (Boonen, Reed, Schoonenboom and Jolles 2016, p. 74).

Learners sometimes can visualize by coming up with diagram representations for problems but
experience difficulty in analyzing further how to come up with a correct answer. Some learners
are natural visualizers, while to some, visualization does not come naturally. We also have
learners who do not like to think in terms of picture, even if the problem is understood. If such
learners are not taken through the visualization process, they encounter difficulties when

solving mathematical problems, affecting their performance level.

Presmeg (2014, p. 17) stated that learners may be willing to use visual representations but have
little training connected with the training. However, suppose educators are aware of the
difficulties and strengths of learners in visual processing. In that case, for a teacher to be
effective, such should be able to adapt to the need of his/her learner. This is why in the research
that is to be carried out, learners will first be given the initial task sheet to solve. This will
enable the researcher to identify the problematic areas and their strengths and become
knowledgeable as to what and where intervention can be given. The above is buttressed by
Presmeg's (1985, 1986a, 1997b) claim that if educators were aware of their learner's problem
in the research she carried out, they would have helped them overcome such. When

visualization in mathematics is developed in learners, it will help with their level of
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understanding. Visualization also tends to change learners' perception of word problems in
mathematics as over the years, and from anecdotal evidence, learners battle with this aspect of
mathematics. Hence, visualization can play an essential role in ensuring that they develop
interest and become better at it. Kaswa (2015) concluded that when learners are exposed to
visual learning aids, they possess the knowledge and conform to their skills, making them
achievers. Learners become successful visualizers if and when they are allowed to use their
preferred visual mode in mathematical word processing. Learners should also be encouraged
to read, understand, paraphrase to highlight the important words before solving a problem and

then visualize either by representing or solving diagrammatically and check.

2.6 Visualization intervention

Visualization, which falls under a classroom-based intervention program, has the potential of
helping learner's spatial reasoning (Lowrie, Logan, Haris and Hegarty, 2018, pg. 9). According
to Marita and Hord (2017, p.31), interventions are plans that are to be executed over time and
monitored to determine whether learners or group of learners have shown progress towards
what has been targeted. In terms of visualization and its intervention, attention should be drawn
to it to enhance learners' performance in this area. Also, Interventions channelled towards
helping learners improve in difficult mathematical concepts may help them achieve success in
such areas and support them moving forward. When learners can interpret word problems
visually, they have a better chance of achieving success. This is part of what is to be determined
in this study after an intervention has been given to the learners. Also, academic interventions
like the one administered in this study are defined according to Marita and Hord (2017, pg. 30)
as a planned procedure used with the intention of teaching mathematics. Visual representations
are the primary focus of the study as interventions relies solely on visual as a scaffold to
learning. Visualization representation intervention can also be defined as any strategy
dependent on visuals as the primary tool to scaffold learning (Marita and Hord, 2017, p. 36).
Marita and Hord (2017, p.38), in their literature, also supported previous findings that when
visual strategies are taught, it becomes beneficial to learners who are struggling. Findings in
the research that is to be carried out will help shed more light on the above statement in a
different study context. Also, Boonen, Reed, Schoonenboom and Jolles (2016, p. 55) stated
that teachers can help reduce the problems experienced by learners by teaching in the
development of visualization skills in mathematics and instructing learners on how to use

visualization representation that simplifies the problem structure and visual-schematic
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representations. It could then be interpreted to mean that teachers play an important role in
instructing learners effectively, and this can be driven by having the required mathematical
knowledge and skills. Educators need to emphasize how learners are to use this strategy and
how it will help them achieve success. This is buttressed by Boonen, Reed, Schoonenboom
and Jolles (2016, p. 55) in their research findings that teacher's knowledge in visualization
representation is of great essence to instructing word problems. Also, Aytac Kurtulus (2019, p.
181) stated that in order for mental visualization to be improved in learners, there is the need
for such to be first developed in teachers who are designers of materials, teaching and learning
environments. Teachers' knowledge, competency and support in visualization cannot be
overemphasized as they play a significant role in its intervention as well as alleviating

visualization problems.

Ho (2010, p. 3) mentioned in his article that in other to develop visualization skills in learners,
educators and developers of the curriculum must take into cognizance factors that prompt
learners' choice of problem-solving method and roles that visualization plays in mathematical
problem-solving. It should also be noted that learners learn at different levels; interests vary
likewise in readiness, which also tends to impact their performance. That being said, it is part
of the educator's duty to ensure that no learner is left behind and that they are all carried along
and their needs catered for. Furthermore, Marita and Hord (2017, p.38) stated that when
interventions are put in place to reduce barriers experienced by learners with learning
disabilities to benefit learners without learning disabilities, such intervention then provides
support for all learners. In other words, visualization intervention in mathematics, when
correctly put in place, can benefit all learners, irrespective of the learning challenges they may
be experiencing. Success in mathematics can also be aimed at if learners are able to visualize.
Therefore, educators can help learners achieve this by assisting them in acquiring visualization
skills that can be in the form of visual information with opportunities given to learners to be
involved in the learning process. Also, it has been documented from previous studies that
visualization strategies can be beneficial to learners who are experiencing difficulty in
mathematical word problems (Marita and Hord 2017, p. 37). This implies that diagrams,
pictures and other visual supports can be beneficial to learners as they will help reduce the
problems encountered when solving word problems in mathematics. It is part of the teacher's
responsibility to help learners understand, develop the skills, and develop diagrams that will
help them proffer solutions to non-routine problems and gain the confidence to solve similar

problems further when confronted in the future. In their findings, Boonen, Reed,
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Schoonenboom and Jolles (2016, p. 60) stated that there is somewhat minimal literature on
teachers' ability with visual representations and their understanding of the concept.
Furthermore, their findings showed that no literature has been found that precisely addresses
how teachers teach learners to construct visual representations that support word problem
comprehension. It is envisaged that upon carrying out this research, the intervention that will
be administered will shed more light on visualization and its intervention and how beneficial it
will be for learners and the teacher's role in the entire process. Also, in the research to be carried
out, interventions are planned to be carried out over time, which ought to be monitored either
by an informal approach of questioning, to confirm whether progress has been made toward a
targeted skill by a learner or group of learners. This is why there is a need for a post-intervention
task (post-task) to be administered after the intervention period. Part of its benefits in learning
mathematics is that it allows a better understanding of complex and abstract concepts which
has been evident in learners who were keen on its usage. According to Yenilmez and Kakmaci
(2015, p. 191), visualization enables a very abstract aspect of mathematics to become less
abstract or concrete. He went further to establish that it is important for learners who are having
difficulty understanding mathematical subjects. Yenilmez and Kakmaci (2015, p. 191) also

stated that visualization develops the ability of dimensional thinking in individuals.

It was also reported that visual representation is somewhat discomfited for the middle-grade
teachers in the US for lack of complete knowledge about its usage and interpretation (Orrill,
Sexton, Lee and Gerde, 2008 cited in Boonen, et al., 2016, p. 60). This issue is not peculiar to
the US alone as beginning elementary teachers also experience difficulty in visual
representation as a choice in mathematics (Turner, 2008 cited in Boonen et al., 2016, p. 60).
According to their findings in Germany, Dreher and Kuntze (2015) also stated that secondary
school mathematics teachers do not fully understand visual representation role and usage in the
learning and teaching of fractions. If teachers do not fully understand visualization role and
usage in some mathematical concepts, it becomes difficult to administer any intervention

correctly to their learners.

Van Dijk et al. (2003); Van Dijk et al. (2003a), cited in Boonen et al., 2016, p. 60), argued that
it is of more effect for learners to be taught how to construct their own visual representation
than for teachers to provide them with an approach that has already been constructed. It is
beneficial for teachers to focus on how learners can make their representation rather than

presenting them with an already constructed representation. For learning to be beneficial to
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learners, educators as facilitators of the learning process need to direct learning towards helping
learners construct meaningful visual representatives that will assist in solving problems in
mathematics. When learners become better at solving problems, they can use the knowledge
acquired to see, understand and create a visual representation to solve the problem. Learners
should be encouraged to use different visual representation and be flexible in their choice as it
applies to the problem at hand; this will lead to a proffering solution. This is because learners
tend to stay focused on the method or familiar way of solving problems, making it difficult to
deviate or learn a new or better approach. This was evident in the classroom experience I have
had with learners in the past. Learners preferred to use a method they have either learned from
a past teacher or a respected adult, even if it was time-consuming than a newer approach or

strategy.

Boonen, Reed, Schoonenboom and Jolles (2016, p. 61) argued further in their findings that
research that will assess how teachers carry out an approach centred on the use of visual
representation is required as it will help learners with word problem-solving at schools.
Research has shown that when powerful visual intelligence is evident in learners, they tend to
learn best by visualizing through colours and drawings. Furthermore, Yenilmez and Kakmaci
(2015, p. 193) concluded that when mathematical abilities and skills are seen to increase in
learners, then visualization skills are on the increase. As visualization skills become high in

learners, their logical thinking skills become high and vice-versa.

Marita and Hord’s (2017, p. 35) result showed an increase in overall accuracy after the
intervention given to the participants. This implies that how learners are able to retain what has
been learned from an intervention can also lead to success in a problem-solving task. After the
intervention, learners ought to be able to transfer the knowledge acquired into solving similar
problems. Yenilmaz and Kakmaci (2015, p. 199) saw the need to use visual materials during
primary school education to improve learners' visual skills since most mathematical subjects
are abstract in nature. Choosing materials to suit the need of the learner/s and addressing and
catering for the curriculum is then dependent on the educator. Learners should also be able to
communicate the benefits derived from an intervention; this will be established from their
responses to the interview questions. Marita and Hord (2017, p. 37) concluded that
interventions are beneficial to learners with disabilities and learners without disabilities. This
research will add to the body of knowledge as the literature considered showed that a lot of

research has been conducted that involved visualization, its role in mathematics and visual
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thinking. Nevertheless, visualization intervention has not significantly focused on mathematics

learning and teaching and how effective it can be if applied.

2.7 Summary of the chapter

This chapter examined visualization, its role in problem-solving, visual thinking and
intervention in mathematics. It is evident from all that has been discussed that learners need to
be well equipped with visualization skills through teaching and facilitation for them to solve
mathematical problems on their own. Also, problems that may hinder learners, drawing from
past literature, were considered, and possible ways to alleviate the problems were mentioned.
The role mathematics educators' play in equipping learners with the necessary skills cannot be
over-emphasized as findings have shown how effective it can be if and when introduced in the
classroom. Teachers' knowledge in visualization intervention is also seen to be very crucial as
that is evident in how they teach and facilitate the learning process and support them at the
same time. Therefore, if proper intervention is given, it is highly possible that learners will get
better at being visualizers. They will be able to have the correct visual interpretation of
mathematical word problems posed at them. This can help improve the success rate in
mathematics. This chapter has informed not only the researcher of previous findings but also
the gaps in the field. One of which will be the focus of this study; visualization intervention in

a mathematics classroom.
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CHAPTER THREE

3. Theoretical Framework

This study explored visualization intervention in a grade 7 mathematics classroom. In the
previous chapter, discussions on research findings by various researchers relevant to the study
been carried out were discussed. In their research findings, Cleland and Durning (2019, p. 44)
stated that a framework could be provided by theory to organize and interpret the data collected
in a way that highlights attributes and patterns and produce conceptual generalizability.
Theoretical framework can be said to be a lens in research findings. It is useful in the sense that
whatever has been researched and concluded can be evaluated by other researchers for the
purpose of being transferred and being able to apply the information acquired into other
situations that might be in a different context. Also, as Cleland and Durning (2019, p. 44b)
further stated, a theoretical framework can help develop an exciting and broad explanation of
what is being understudied, thereby leading to an area of study that can be developed for future
findings. The theoretical framework plays a vital role in research as stated above. It helps direct
a researcher's focus on what is being studied, thereby throwing more light into such a study
area.

This chapter is focused on the theory that underpins this research study. A discussion on the
origin of the Activity theory taken from Vygotsky (1978) and its development will be discussed
in this chapter. The principles of the theory will be examined and the different generations
under the theory. Research that has been conducted previously using the theory will also be

considered.

As earlier established, the theoretical framework helps sheds more light and develops wide
explanations of the study that is to be carried out, which can be elaborated upon in future
research. It also helps shed more light and elaborate on some aspects that are to be studied to
produce new ideas and insight (Cleland and Durning, 2019, p. 44). Theory can then be said to
aid new ways of thinking and possible direction on research that is focused on education-

visualization intervention in a mathematics classroom.

The study being carried out is qualitative in nature, and Activity theory will be used as the
theoretical framework. The theory is chosen for this research because an intervention is
required to be carried out. Vygotsky (1978) and other researchers down history line from

findings were involved in carrying out interventions, as creating challenges in a particular
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setting can help learners get to the next level, which is the zone of proximal development in
their activity. Activity theory also helps in understanding how human activity is revealed over

time based on various readings that have been gathered.

Learning is perceived as being social and participatory, not just about acquiring skills or
knowledge but also about how learners relate with the skill acquired and others. It is situated
in a social context, where the theory for this study has been primarily drawn from as it involves
learners and the intervention given in a particular context, the classroom. Cleland and Durning
(2019, p. 44) mentioned that theory helps organize and interpret data so that patterns will be
generated and commonalities will also be identified for conclusions to be made. In the
development and learning of mathematics, the role of Activity theory cannot be
overemphasized as it provides guidance methodologically, theoretical aspects moving from the
theoretical realm to offering perspectives on the realistic use of Activity theory framework in

contemporary learning contexts.

3.1 Origin of the Activity theory

Vygotsky (1978) introduced the Activity theory in the 1920s and 1930s and was later
developed by his colleague Alexei Leont'ev® which has been advanced through three
generations of research, transforming educational research in the process. Activity theory is
used in educational research as it serves as a channel through which data can be interpreted,
and according to Engestrom (2015, p. 63), the triangular model of an activity theory is applied
often as a graphic model and channel for data analysis that is interpretive in nature. This will
be used to analyze the data collected as it is interpretive in nature; it also makes obvious the
context of educational processes that are being investigated. In terms of the research being
carried out, the context is driven by the topic that is being explored. When research is conducted
using Activity theory, it generates and employs a methodology of its own—in other words,
providing guidance methodologically. Methodology is perceived as spanning a gap between
theory and the data collected, which a theory should also drive; hence, the need to apply the

Activity theory in this research study.

According to (Engestrom, Sannino, & Virkkunen, 2014; Sannino, Engestrom, & Lemos,

2016) research-based on Activity theory leads to interventions aimed at increasing expansive
learning and transformative agency. Also, Activity theory is a theoretical framework that can
be of use in the analysis and understanding of how human interact through the use of tools and

artefacts (Hashim and Jones, 2014 p. 1).
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In recent years, Activity theory has acquired a lot of popularity research-wise. This is driven
home by Jonassen & Rohrer-Murphy's (1999, p. 67) assumption about Activity theory that
tools serve as a mediator or changes human nature activity and tends to impact humans' mental
development when incorporated. Activity theory can be seen as considering the individual and
the social and cultural context; it also aims to examine how learners interact with learning tools
made available to them. In other words, how learners can use the intervention given to complete
a task was looked into, and their responses to the interview conducted as this were to help find

out their thoughts on the tasks and intervention.

The different generations of activity theory will be looked into and discussed in this chapter.

According to Naidoo (2011, p. 59), the Activity theory framework presumes that all human
actions are conciliated by artefacts and tools and cannot be separated socially from their
environment. The above statement was seen as evident in the researcher's research as master's
teacher used visual tools to teach mathematics. This was also evident in this research study as
visualization tools like diagrams, gestures, facial expressions, and books were used as an
intervention to teach learners mathematics. Activity theory also takes into consideration an
entire work system (activity) to include all of its component (individual subject, objects of work
and community and its rules) and how they interact (Cleland and Durning, 2019, p. 49). Also,
Activity theory suggests a way of understanding human action and learning in a social and

cultural context.

Engestrom (1999) first generation of activity theory draws from Vygotsky's theory of
mediation. There was no complete association between an individual in the first activity model,
which is what the focus was on then, and his/her environment in an activity. The triangle shown
in Figure 3.1 represents Vygotsky's way of bringing together cultural artefacts with human
actions as studies during this period focused on individuals (the group of learners that

participated in this study).
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tools/instruments
(Intervention process- diagrams, pictures etc.)

subject (individual) object (intervention strategy used)

Figure 3.1: 1¥' generation activity theory by Vygotsky (Engestrom, 1999)

This theory drew from Vygotsky's theory of mediation which combines artefacts with human
actions. Vygotsky stated that, children learn best when they use their imaginations when

engaging in learning activities, with proper development support.

WHAT IS KNOWN ‘ ZPD ‘ WHAT IS NOT KNOWN

Within the Zone of Proximal development, skills considered to be too difficult for a child to
master on her or his own can be mastered with the guidance and encouragement from a more
knowledgeable other, which can be a peer or teacher. Hence, the need for the intervention to

be given by the teacher in this study.

Activity theory focuses on practice and emphasizes naturalistic study, which is why it was
chosen for this research as it took place in the classroom. Hashim and Jones (2014, p. 4)
asserted that Activity theory offers a holistic and contextual method of discovery that can assist
qualitative and interpretive research. An Activity is made up of the behaviour that is
constructed when an individual (learner) performs a task. The theory helps develop one's
thought process through activities and in response to the environment. Studies tended to focus
on individuals at this period; this brought about the second generation activity theory's need.
The first generation limitation was that the analysis unit focus was on the individual. The
second generation overcame this limitation centred on Leont'ev, where the difference between

collective action and an individual action was explained.

Engestrom (1999, p. 29), in the Second generation of Activity theory, recommends the study
of artefacts as an essential and inextricable part of human functioning. He further argued that
in the study of mediation, the focus ought to be on the functioning of its relationship with other

parts of an activity system. For the development of activity theory to be developed, which will
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lead to its progress, Engestrom extended the original triangular activity's representation. This
allows an examination of activity systems at the immense level of the collective and the
community in place of a mini level concentration on the individual representative operating
with tools. Vygotsky's triangle intends to represent the social/collective elements in an activity
system, which is through the inclusion of the community parts, rules and division of labour
while stressing the need to analyze their actions with each other. Engestrom (1999) stressed
that actions that are object aligned are often clear and well detailed or indirectly distinguished
by interpretation and prospect for change. Furthermore, Engestrdm emphasized the
significance of opposition within activity systems as the main factor of change and then

development.

Compared to activity theory’s first and second generation, Engestrom (1999) in the third
generation sees joint practice or activity as the entity that frames what is being analyzed in a
study for activity theory, not an individual activity. The third generation shows interest in the
process of social transformation that includes the social world system in the analysis.
Uncertainty and inconsistency are seen as the reason for change and development as stated by
Engestrom (1999, p. 9), and the movement and restructuring within activity systems as part of
gradual development; which is not only about the subject that is amended through mediated
activity, but the environment as well. Engestrom's (1999) proposal of the third generation of
activity theory was intended to develop conceptual devices to understand series of perspectives
and channels of interacting activity systems. The third generation activity theory is what is

worked with nowadays.

3.2 Researcher's thoughts on Activity theory as a theoretical framework.

Researchers from across the discipline have testified to the effectiveness, benefit and prospects
of activity theory. They focus on different aspects of activity theory in their different study
areas, which has helped them advise researchers whose desire is to use activity theory in their
future studies. We see this in the work of Otrel-Cass, Andreasen and Bang (2016), who stated
that Activity theory allowed them to take note of the history of standardized testing in Denmark,
which was where their research was located, and to situate and shape their interpretations based
on this understanding. Furthermore, Hashim and Jones (2014, p. 19) argued that many
researchers in the education, humanities and information systems have discovered that activity

theory gives a profitable framework for an understanding of their field of study.
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Engestrom's (1987, 1999) stated that activity theory has also been used as an educational field
framework. This suggests that activity theory is not only relevant in computer, information
science and psychological fields; it is also beneficial to educational researchers. This study will
not be an exception to its benefits. Pohio (2016), showed how Activity Theory gave a useful
visual framework for understanding the organizational culture that stakeholders could find easy
to understand and giving the possibilities for examining contradictions within remnants of
historically formed practices. According to the research carried out by Nardi (1996, p. 94-95),

four methodological considerations were described for activity theory.

Firstly, enough time should be allocated to understand the user's object such that the focus will
be on broad patterns of activity. Also, varied sets of data collection techniques should be used
without relying on one method and finally, a user-centred inquiry process must be used. The
analysis of data from an activity theory perspective reveals that how subjects use tools,
effective performance of their roles by community members and the use of tools to resolve
real-life problems positively influences the promotion of open-mindedness, the achievement
of expected outcomes, and meaningful engagement of subjects in the application of tools. Also,
it was reported by Gedera and Williams (2016, p. 142) that data analysis through the lens of
activity theory provides evidence of subjectivity production referred to as active shaping of our
identity based on others expectations and as a result of the activity system one is exposed to,
or engaged in. Gedera and Williams (2016, p. 143) further explained that the application of
activity theory helps identify contradictions in elements such as rules in the development of

teachers' pedagogical content knowledge.

Farrell (2016) also established that activity theory is a potential framework for identifying,
categorizing, and resolving educational tensions prevalent in language education. On the other
hand, Naidoo (2017) stated that using visual tools as a framework for teaching and learning of
mathematics is aimed at exploring the use of activity theory. Naidoo (2017) showed that the
use of visuals as tools within the different activity systems made the abstract nature of certain
mathematics concepts more concrete. This implies that using visual tools under the activity
system made the mathematics concept more meaningful to learners, which is what is has been
exhibited in this research. Furthermore, Naidoo (2017) stressed that the high level of student
engagement and interaction in the different activity systems seemed to indicate that

mathematics teaching and learning were more effective through activity theory.
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Hashim and Jones (2014, p. 9) then concluded that activity theory is an essential tool that needs
to be incorporated into their collection. It provides a means of discovering human activity
without the express process of analyzing and developing tasks by participants. Instead, through
the mediated study of the participant's tools, an understanding of activity is revealed, which

includes clearly stated and understood actions.

Song and Kim (2016) also stated that there had been recent interests among foreign and second
language education researchers in applying Activity theory as a theoretical lens. Furthermore,
Farrell; (2016) postulated that Activity theory is a potential framework for identifying,
categorizing, and resolving educational tensions common in language education.

Many researchers have recognized activity theory as being holistically rich in terms of
understanding how things are done together with the assistance of sophisticated tools
(Crawford & Hasan, 2006; Hakkinen & Korpela, 2006; Liaw, Huang & Chen, 2007; cited by
Hashim & Jones 2014, p. 11).

Firstly, enough time should be allocated to understand the user's object. The focus should be
on broad patterns of activity, and varied sets of data collection techniques should be used
without relying on one method. Finally, a user-centred inquiry process must be used.
Researchers from across the discipline have testified to the effectiveness as well as benefits

and prospects of the ability of Activity theory.

33 Activity theory principle

According to Nardi (1996) & Uden (2007), activity theory takes in the notion of organization,
working out, history and cooperation to understand that awareness and activity connected to
one another and unified. For activity theory to be used, there is a possibility of discussing issues
that belong to different framework levels (Kuutti, 1996). The different levels comprise of
actions, activities and operations. Furthermore, Engestrdom (1999) suggested that activity
theory may be summarized with the help of five principles; he further said that they stand as a

declaration of the current state of the theory.

In the first principle, the unit of analysis in the activity theory is the activity system. In this
instance, considering a mathematics classroom where the individual within the activity system
would be the teachers and learners. The individual is focused on the teaching and learning of

specific concepts in mathematics and ensuring that as a researcher, activities can be given or
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interviews conducted which will reveal different perspectives and that which is more

pronounced as individual experiences are different.

The second principle, which is the notion of multi-voicedness, has to be considered as a
researcher. This connotes several viewpoints and interests will be evident in the activity system,
which is possible of causing friction within an activity system. The third principle of activity
theory focuses on the history of an activity system. Focusing on an activity system's history
may help explain and give insight about a particular system for the proper conclusion to be
drawn, which can only be applicable in that context as experienced cannot be generalized.
Focus on history tells us how an individual teacher or learner had been working before the

intervention and how such is now working after an intervention.

Through this history, conclusion starts to build up then. Fourthly is the principle of
contradictions, which plays a key role as the source of change and development. The fifth
principle is the expansive transformation which can only be accomplished when the object and
the motive of the activity are formed in a new way to accept broader possibilities than in the

mode of activity studied previously.

3.4 The use of Activity theory and this study

In the study carried out, the activity system is the intervention carried out in the form of
teaching in a mathematics classroom. The tasks are the activities given to learners to complete
in the classroom: the pre and post-task, the examples used during the intervention strategies
administered, and the visual tools used whilst the intervention strategies were carried out. The
community in this study refers to the grade 7 learners in the mathematics classroom and the

teacher.

Activity theory has helped provide a descriptive framework to better understand and classify
the processes involved in a task performance. For learning to occur in this study, subjects
(learners) engaged and interacted with the actual activity, which produced instruments, tools
that then transform an activity. Learning cannot occur alone as it is not an isolated deed. It

occurs when individuals interact with each other; tools bring about these interactions.

Activity theory has helped to establish the correlation between learning, the use of tool, the
content covered, community and the context. Vygotsky's first generation activity theory is what

I did use in my study as it created a media for mediation. In the process of interacting with this
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theory, it was seen that development in learning occurs through social interaction and children
become better learners when their imaginations are put into use while engaging in learning

activities, with proper support given for development.

3.5  Concepts used in this study and their definition

Activity, as used in this study, refers to the teaching and learning of mathematics. Leont'ev
(1978) made it known that activity does not exist without a motive or reason. A tool is a
mediating device by which the action is executed; it also refers to all that was used to help
teach and learn visualization strategies in this study. It could be in the form of the language
used, unspoken words, gestures, and materials that can be in the form of the whiteboard and
coloured marker. In carrying out this study, the intervention process tools were diagrams,
textbook, gestures, pictures, whiteboard and markers. Learners also used some tools to
complete their activity and gestures/unspoken words when the interview was being carried out.
According to Vygotsky, the use of artefacts helps to obtain success which would have been

unreachable if not used.

Subject refers to an individual to be understudied. The 'subject' in this study is the group of
learners that participated in the study. In obtaining information from them, they had to learn
some visual skills in the form of intervention, completed a task after which interviews were
conducted. The activity is directed towards the object; in this study, the object is the
intervention strategy used in the mathematics classroom to solve word problems. These are in
form visualization strategies and skills. According to Vygotsky (1978), the object can also be
taking them from the known to the unknown. In simple terms, it is acquiring new knowledge

for some or improving upon what already existed in others.

Leont'ev (1978) stated that actions are carried out by individuals or groups and are aimed at a
particular goal. Action in this study refers to how learners acted upon what had been learned:
their interaction with the knowledge acquired.

The outcome is then the result of the activity (teaching and learning of mathematics). After the
intervention was carried out in this study, the outcome is what was intended to be achieved.
Based on this study, rules are what practice was acceptable whilst the activity was being carried
out. Going by this study, learners were not restricted to using any strategy during the pre-
intervention task. They were to use prior knowledge from previous lessons or grade to complete

the task given to them. Community in relation to this study are learners who partook in this
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study, learners who were used in the pilot study and the colleague who helped check the

fairness and reliability of the task. Figure 3.2 presents Engestrom’s Activity Theory Model.
Tool

F 3

Subject ¥g pt  Object Outcome

[y 1”1

Rules Community Division of Labour

Figure 3.2: Engestrom's Activity Theory Model (Engestrom, 2001)

3.6  Summary of the chapter

Chapter 3 explored the theoretical framework that underpinned this study, discussion on
activity theory and its principle, and the generations of activity theory were discussed. It was
also important to touch and find out about activity theory and its relation to other research
studies and its relation to the study being carried out. Considering activity theory as a
framework that is to be used in research requires that qualitative and interpretive research
methods be followed, which was evident in this research study. The use of Activity theory in
the teaching and learning of mathematics has been seen to be more effective and helpful. The

next chapter discusses the research design and methodology for this study.
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CHAPTER FOUR

4 Research Methods and Methodology

Chapter three focused on the theoretical framework, and the theory that underpinned this study
was discussed. This chapter aims to describe the methodologies employed in conducting this
study. Methods can be seen as approaches used in educational research to gather data to be
used as a basis for inference, interpretation, explanation and prediction (Cohen, Manion and
Morrison 2007). Kaplan (1973) stated that the methodology aims to describe approaches to,
kinds, and paradigms of research. This means that the methodology aims to help us have a
better understanding of the research process. The research questions, research paradigm,
research design, study area and participants, sampling techniques, data collection methods and
instruments, interview questions, data analysis, validity and reliability, and ethical clearance

are discussed in detail. The processes and stages involved in this study are discussed, as well.

The purpose of the study was to explore the visualization intervention in a grade 7 mathematics
classroom in the Pinetown District. This research was qualitative in nature, and it is located in

an interpretive paradigm.

4.1 Research questions

The research looked into exploring the visualization strategies used in a grade 7 mathematics
classroom. The aims and objectives of the study were used to formulate the research questions,
which were:

» What visualization strategies do grade 7 learners use in a mathematics classroom?

» How effective are their strategies in solving problems?

» How can their problem-solving strategies be improved through a visualization

intervention?

4.2 Research Approach

This study aimed to provide a visualization intervention in a grade 7 mathematics classroom to
enable learners to become good problem solvers. In answering the research questions outlined,
the research approach was first determined as it served as a guide on how the topic was

researched systematically. This was done to help draw a conclusion that was reliable and valid.
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A case study approach was used to carry out this research. According to Rule and John (2011,
p. 4), a case study is a systematic and in-depth study of one case in its context. Case studies
make every effort to portray 'what it is like to be in a particular situation, catch the close-up
reality, and 'thick description' (Geertz 1973) of participants' lived experiences, thoughts, and
feelings about a situation. In a case study, events and situations are allowed to speak for
themselves, which was the case in the research. Evaluating and interpreting was done by the
researcher. In other words, the data collected was allowed to speak for itself, having collected

data systematically, which allowed for a reliable conclusion to be drawn.

This study was conducted in an interpretive paradigm, which often involves working in a
naturalistic setting, and meaning was derived from the learner's information and the researcher.
Bertram and Christiansen (2016, p. 189) asserted that interpretive research attempts better to
understand a social situation from the participant's perspectives. For that to be possible, there
is a need to spend time reading through the data. The data collected was well studied as time

was spent reading through to have a better understanding.

According to Walsham (1993), there are no right or wrong theories in an interpretive paradigm.
They should preferably be examined according to the meaning given to them by the researcher
and participants in the same context. Bertram and Christiansen (2016, p. 26) argued that the
researcher's goal is not to envisage what people will do but are meant to have a description and
understanding of how people make sense of the world they live in and how meanings are made
of their particular actions. The researcher had to make sense of how learners solved their task.
The strategies they employed before and after the intervention were explored, and their views
all through the process. Their thoughts were expressed and understood from their interview
responses. Reeves and Hedberg (2003, p. 32) noted that it is necessary to put analysis in a

context in an interpretive paradigm.

Lincoln and Guba (1985) argued that a naturalistic approach to research is promoted when
people are being studied, including the qualitative approach to research. Also, Bertram and
Christiansen (2016, p. 42) stated that case studies are a style of research often used by
researchers in the interpretive paradigm that may use qualitative data. The case may be a
person, teacher, principal, school or class of learners. Concerning this study, two (2) classes
of grade 7 learners were engaged in the process and data was collected within the classroom
settings. Creswell (2003, p. 8) also stated that researchers working in an interpretive paradigm

tend to depend on the 'participants' views of the situation being studied. Therefore, applying an
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interpretive paradigm allowed for QUALITATIVE data to be collected. It helped deepen and
strengthened the research that was carried out, which also enabled a deeper understanding of

the study.

4.3 Qualitative approach

Qualitative researchers believe that individuals experience the truth and that these truths are
socially constructed and are defined by the environment in which they occur (Cohen, Manion
& Morrison, 2011). Johnson and Christensen (2008) asserted that qualitative research is often
set in the subject's natural setting and enables subjects to express their perspectives. Sixty-Nine
grade seven (7) learners were given tasks to complete. Their views were explored through
interview responses derived from 12 learners (pre and post-intervention). This helped for
conclusions to be drawn, having analyzed the data. Cohen, Manion and Morrison (2011)
ascertained that advocates of qualitative research believe that this approach is the best when
people are being understudied, and it is particularly relevant in school settings. The study was
conducted in a naturalistic setting of the classroom at a school in the Pinetown District, hence

the reason why this approach was chosen.

The research is a qualitative representation of what visualization strategies grade 7 learners
used in the mathematics classroom and how effective it was. The intent was to focus on grade
7 learners, understand the strategies used, interpret and explore the visualization intervention
that grade 7 learners used in a mathematics classroom. This was determined from the task
completed in the classroom as well as their responses to the interview conducted. This helped
to gain an in-depth understanding of visual tools usage and the effectiveness of the

administered intervention.

4.4  Description of study area and participants

This research study was conducted in the Pinetown district of the KwaZulu-Natal province. It
is a Senior Primary School, comprising of learners from different background and races. It is
one of the public primary schools in urban Pinetown suburb, Durban in KwaZulu-Natal
province of South Africa. It is a section 21 school and classified under quintile 5. The learners
attending this school are multiracial and predominantly black.

The purposive sampling method was intentionally selected. Purposive sampling was defined
by Bertram and Christiansen (2016, p. 60) as when the researcher makes specific choices about

which people, groups or objects to include in the sample. A specific group which were the
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grade 7 mathematics learners taught by me, were targeted. This group does not represent a
wider population as it only represents itself; hence, the results cannot be generalized. Also,
sampling was convenient as the sample chosen were within reach. They were easily accessible
and willing to participate—however, they are not representative of all learners in grade 7 at the

school.

4.5 Population and sample study

According to Polit and Beck (2014), population is the entire collection of units that meet an
allotted set of criteria. The study population was the grade 7 learners in quintile 5 school in the
Pinetown District of KwaZulu-Natal. The school chosen is in an urban settlement; grade 7
learners were chosen as the population to work with because they were learners taught by me;
they were convenient to reach and gain access to as a researcher. They were also chosen
because they were the exit grade from primary school, and it was of interest to find out their
visualization ability as they headed for high school. Bertram and Christiansen (2016, p. 59)
asserted that sampling entails making decisions about which people, settings, events, or
behaviour should be included in a study. The decision of choice of people or sample is to be
made by the researcher. The sample was chosen to generate the required data needed for the
study.

Below is an illustration of how learners were selected for the interview.

Twelve learners were interviewed, six from each class.

» 2 who used diagrams 1 got it right

1 got it wrong

» 2 who used some diagrams 1 got it right

1 got it wrong

» 2 who didn't use a diagram at all 1 got it right

1 got it wrong

4.6  Pilot study

A pilot study is crucial as it increases the instruments' validity and reliability and procedures
used in research. The task sheet was given to a colleague to go through before learners were
allowed to complete it. The pilot study was carried out on three learners from the third grade 7

class, and the results were analyzed. The aim was to ensure fairness and find out if the tasks
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were understood the way they intended. Bertram and Christiansen (2016, p. 49) stated that a
pilot study forms part of the preparatory stage where the research instruments are tried out with
people who are close to the actual study participants. The pilot study ensured the validity and
reliability of the instruments used. It was also done to ensure that the language and the terms
used were well understood by the learners. The feedback gotten from the pilot study helped the
researcher better understand the study, hence the need to continue with the instruments and the

chosen participants.

4.7 Informed consent

In carrying out this research as a researcher, it was essential to consider the consent factor.
Participants had to be informed that whatever information they gave was confidential and that
they had the rights to withdraw at any time. Fairness was also ensured. Before the pilot and
main study commenced, an introductory letter was sent to parents and learners who participated
in the study. The letter stated what the research entailed, informed consent, the right to
withdraw at any time and confidentiality. Participants were also informed of the purpose of
carrying out the study, and the procedures the research entailed was explained to them.
Parents/guardians were given the consent letter, and they had to give their consent as learners
were between the ages of 11 and 14. Relevant contact details of the University were also

provided. A copy of the letter can be found in Appendix C.

4.8 Data collection

Data was collected in a naturalistic setting, which was in the classroom. Sample was convenient
and purposeful. Working in an interpretative paradigm, allowed for qualitative data collection.
Interview questions which were unstructured, were used to collect data, before and after the
intervention process. The gatekeeper in the person of the school principal was consulted before

the study commenced, and permission was granted for the collection of data.

4.9 Interview

Bertram and Christiansen (2016, p. 80) stated that an interview is a conversation between the
researcher and the interviewee. According to De Vos., Delport, Fouche and Strydom (2005, p.
287), interviews are mostly a predominant mode of data or information collection in qualitative
research. Researchers also attempt to understand the world from the individual's point of view.
Interviews also permit the researcher to understand the interviews' stories (De Vos et al., 2005).

An interview can also be used to investigate and better understand participants' views on an
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area of interest or topic, hence the reason for its choice. The interview questions set assisted
and served as a lead that helped with the investigation that was carried out. The Interview
process was audio-taped, as each participant answered the questions asked. Interview responses
were transcribed for the purpose of analysis. The interview was unstructured as few basic
questions were outlined to start off the process, and questions also built up based on the
learner's responses. The interview also helped in having a better understanding of how learners
solved the task and what they thought of the whole process. A copy of the interview questions,

both pre-intervention and post-intervention, may be found in Appendix D.

4.9.1 Pre-intervention interview

In the study carried out, data was collected through the use of interview questions. The
interview was unstructured, the questions posed at learners were open-ended as learners were
allowed to answer the questions freely, and questions also did arise from the respondent's
responses. Pre-intervention task was used to investigate the visualization strategies used by
learners in a grade 7 mathematics classroom. Also, the effectiveness of their strategies was
considered after the task sheets were administered. The task sheets were analyzed, 12 learners
were randomly selected after the pre-task were analyzed, and a one-on-one interview was
conducted. Learners had to respond to six basic questions, but their responses led to further

questioning.

4.9.2 Post-intervention interview

After the initial task and interview, learners were introduced to three lessons with explicit
teaching using visualization techniques. A post-intervention task sheet was administered after
the intervention. Tools in the form of (pictures, drawings, mathematics manipulatives, use of
colour, diagrams, and gestures) were used to teach mathematical word problems. After the third
lesson, learners were given the same task sheet to solve as this helped reveal the effectiveness
of the intervention given as well as a self-analysis of my own teaching. Learners task sheet
were analyzed; a selection of 12 learners was done and were interviewed. Respondents had to
answer ten (10) questions freely, and further questions also arose from their responses. Mudaly
(2014, p. 3) stated that finding the relationship between the visual and the mathematics requires
investigation to be further carried out on the role of visualization in the mathematization
process. This statement forms part of the basis of why learners' responses to the interview
questions were of importance, as they also helped suggest a conclusion based on the

educational intervention.
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4.10 Validity and Reliability and Rigour

Validity, like Cohen, Manion and Morrison (2007, p. 152) stated, is crucial to effective
research. Validity, reliability and trustworthiness are necessary when carrying out research as,
without it, research becomes invalid and worthless. Lincoln and Guba (1985) emphasized the
need for validity in research, which is how far research can be trusted and the concept of
triangulation of data using different data collection methods, as this helps researchers ensure
that data collected are reliable and trustworthy. In qualitative data, Winter (2000) stated that
validity might be handled or managed through its truthfulness, deepness, and range of the data
achieved; the participants focused on the researcher's length of triangulation and objectivity.
When sampling is cautiously done in qualitative data, validity is likely to be improved. Hence,

it is vital to check for validity, reliability, and trustworthiness in an interpretive paradigm.

Trustworthiness, a concept introduced by Guba and Lincoln (1985) for interpretive research,
has been vastly used and has four components: credibility, transferability, dependability, and
confirmability. These components were looked into during data collection and analysis. The
concept of credibility helps to reveal if findings from the research conducted show reality, and
the participants' lived experiences. In terms of transferability, it is quite essential as it is the
extent to which research can be transferred to a different context. Construct validity is
necessary as this will ensure that the instruments and data collection method, in this case, the
initial task sheet, post-intervention task sheet, and interview that is intended to be used, measure
what they are meant to measure. Hence the need for piloting, which was to test the instrument
before its usage. When carrying out this research, it was necessary to ensure that the data
collected measured learners' knowledge of visualization and the different approaches used by
learners. If validity in data collection is ensured, then the research can be carried out under the
same conditions and will yield the same result; it can then be said that the test is reliable.
According to Bertram and Christiansen (2016, p. 186), a test is reliable if it can be repeated
using the same or similar group and yields the same or similar results. Validity in data
collection can be ensured if the researcher audio-records the interview verbatim, as it will
ensure the accuracy of the data collected. This was ensured in the collection of data process, as
interviews were audio-recorded, after which they were transcribed. Observations were also
jotted down in terms of gestures made by a few learners. Few learners were also interviewed

before participants could be interviewed to ensure validity as well.
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Furthermore, Bertram and Christiansen (2016, p. 123) stated that a way of increasing the
trustworthiness of a specific interpretation is to use "thick description" in qualitative data. Thick
description in qualitative research can be said to be the depth of the explanation that a
researcher needs to detail (Bertram and Christiansen 2016, p. 123). Since the research was
conducted in a naturalistic setting, it was impossible to generalize, but using thick description
with enough explanation provided as a researcher, which is also referred to as the depth of
what's been researched, readers can then decide whether discoveries can be transferred to
another context. Also, since it was a case study and the sample was small and purposive, it was
important to emphasize the data's depth. Bertram and Christiansen (2016, p. 123) argued that
results could be generalized in large studies if the sample has been selected randomly;.
However, if small-scale research was conducted and the sample was purposive, then

transferability can be used. In the research carried out sample was purposive and small-scale.

Triangulation of data in this research study ensured that data is reliable and trustworthy. This
was aimed at, as the researcher probed further by asking the same question differently and
learners giving the same or similar response. This was corroborated by Bertram and
Christiansen (2016, p. 189), who stated that triangulation could be done in a single data
collection instrument and in this instance, an interview, by asking the question in a slightly
different way or in more than one way. This was done to check if participants answered both
questions in a similar way. Also, to ensure validity in data analysis, time was spent reading
through the data thoroughly to ensure credibility. Pseudonyms were used as supposed to their

real names.

4.11 Data analysis

Analysis, according to Bertram and Christiansen (2016, p. 115), is a systematic study, or the
detachment of a whole into its part, for the aim of the study. Data analysis consists of three
flows of activity as stated by Miles and Huberman (1994, p. 10,11), and they are data reduction,
data display and conclusion drawing and verification. Data was collected using pre and post-
task sheets and interviews. Data reduction was used as there was a need to sort out data into
categories and patterns or relationships; this made it easier to make sense of them.

Conclusion drawing and verification also helped with explanations and drawing of conclusions
from the onset of data collection, which was then concluded at the end of the analysis. In
analyzing the data, an inductive approach was used. This entailed starting with the raw data

that was collected.
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Firstly, the task sheets were sorted out based on how they answered the questions; learners who
used diagrams and did not use diagrams. Those who used diagram and got it right and those
who used diagrams but got them wrong were sorted separately. Those who used some diagrams
and got them right, and those who used some diagrams and got them wrong. Lastly, those who
did not use diagrams at all and got them all right and those who did not use diagrams but got
them all wrong were all separated, after which interviews were conducted in an area that was
conducive, with fewer distractions. These ones were interviewed, and the audio-taped
interviews transcribed, patterns were detected for conclusions to be made. Bertram and
Christiansen (2016, p. 117) asserted that in inductive reasoning, categories emerge from the

data.

4.12  Confidentiality

In order to ensure confidentiality, the names of the school and participants were not mentioned
so as to ensure privacy and anonymity. Pseudonyms were used to provide protection for each
of the participant. The interview was also conducted in a place where participants felt

comfortable.

4.13 Ethical considerations

Ethical considerations form a vital part of a research study. In carrying out this research, three

ethical principles were considered: autonomy, non-maleficence and beneficence.

According to Bertram and Christiansen (2016, p. 66), autonomy implies that consent of all
participants must be obtained before they participate in the study, and they are to voluntarily
participate, having received a clear explanation of what is expected of them as well as withdraw
at any time. Secondly, Bertram and Christiansen (2016, p. 66) described maleficence as
research not being harmful to participants or anyone. This was why the confidentiality of
participants was assured as well as their identities, to prevent them from harm. Lastly,
beneficence, as stated by Bertram and Christiansen (2016, p. 67), suggested that research
should be beneficial to the participants, researchers or society. It is envisaged that this research

will be beneficial and also add to the body of knowledge.

Permission had to be obtained from the principal of the school, the parents and learners before
the research could commence. The researcher also ensured that participants' right was not
compromised as they could withdraw at any time during the course of the research process. A

letter requesting permission to use the school and participants was sent to the principal before
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the commencement of the study (Appendix B). A letter of consent was given to each
participant to sign, which contained a detailed explanation of what the study was all about
(Appendix C). An option of participating and/or withdrawing at any stage was also made
mention in the consent letter. Pseudonyms were used to guarantee the anonymity and
confidentiality of the participants. Furthermore, before letters of consent were sent out, full

ethical permission was obtained from the necessary authority (Appendix A).

4.14 Summary of the chapter

This chapter is an overview of how the research study was conducted by outlining the methods
and processes employed in carrying out the research, with ethical considerations taken into
account. The chapter started with a list of research questions and the approach taken to carry
out the research study, a case study approach. A discussion of the paradigm used was discussed,
which was interpretive and qualitative in nature. This was followed by a discussion on the
research design, methods and methodology, which was how data was collected, and the
procedures followed. Data collection and research instruments were also discussed in this
chapter. Figure 4.1 below shows a visual plan of the data collection process; this can be found
below. After the data collection process and transcription of the interviews, the data analysis

process started. The analysis of data is discussed in full detail in chapter 5.
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An exploration of a visualization intervention in a grade 7 Mathematics
Classroom

QUALITATIVE

Initial task sheet
Intervention
Post intervention task sheet

Interviews

12 learners were selected and
then interviewed (after initial
and post intervention task).

Task  sheets were
administered to 59 learners
(initial/post intervention)

What visualization strategies do grade 7 learners use in a

mathematics classroom?

How effective are
their strategies in
solving nroblems?

How can their problem solving

strategies be improved through a

visualization intervention?

Figure 4.1: Flow chart representation of processes of data collection
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CHAPTER FIVE

5 Findings and Analysis

In the previous chapter, methods and data collection processes were discussed in detail. This
chapter focused on analysing the data collected for this study. Results of the pre and post-
intervention task sheets completed by learners were analysed. Participants' selections to be
interviewed were made based on how the task was answered, with responses analysed and
presented in this chapter. The interview sessions were based on learners thought on

visualization before and after the intervention processes.

5.1 Findings of Learner’s perception of visualization pre-intervention

Learner’s perception of visualization was investigated through an interview approach after an
initial task had been administered. It was observed that some learners were not enthusiastic
whilst solving the task because it was mathematics; they seemed less interested as it is not their
favourite subject. Before a detailed discussion of their responses, the summary of results from
the completed task, which has been analysed and tabulated, is shown in Table 5.1. These results
were categorized per question into learners who used diagrams and learners who used no
diagram per question. These were further categorized into learners who got each question right
using or showing evidence of visualization and learners who got it wrong using a visual
approach as well. The same was applicable for learners who attempted the question using a
different method other than visualization. Learners who did not bother attempting a question

were also included.

Table 5.1: Summary results of learner’s application of visualization in the Initial task

Questions | No. of learners who used No. of learners who did not Not attempted
diagram use diagram
got it right got it wrong got it right got it wrong
1 3 11 9 28 8
2 8 0 42 8 1
3 3 2 25 25 4
4 1 0 8 39 11
5 5 1 20 20 13
6 2 0 18 24 15
7 0 0 37 7 15
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A total of 59 learners participated in the initial task; from the analysis, in question 1 only 14
learners attempted to use a form of visualization, 3 got the question right, and 11 out of 14 got
the answers wrong. One of the learners who got the question right highlighted the essential
points and used a diagram for the question. However, her diagram was not accurate. 2 learners
attempted using a diagram, but their diagrams were incomplete/inaccurate. 37 learners used
other preferred methods, 9 of them got it right, while the remaining 28 got the question wrong

and 8 learners were seen not to have attempted the question.

In question 2 only 8 out of all the learners used diagram and got it right; out of those who did
not use any form of visualization, § learners got it wrong while 42 got the answers right. There

was a learner who did not attempt the question.

In question 3, out of the 59 learners who attempted the task, only 5 used diagram. 3 out of the
5 learners got the question right, while 2 got it wrong. 25 out of the remaining 58 learners used
conceptual methods and got the question right, while 25 of them got it wrong. 4 out of the 59

learners did not attempt the question.

In question 4, only 1 learner attempted the question using a visualization approach and got it
right. Out of the 47 learners who used different methods, 8 got it right and 39 learners got the

question wrong, while 11 learners did not attempt the question.

In question 5, 6 learners attempted the question visually. 5 of the 6 got it right, and 1 learner
was not successful in attempting the question visually. Out of the 53 learners who did not use

diagrams, 20 of them got it right, 20 learners got it wrong, while 13 did not attempt the question.

Out of the 59 learners that attempted question 6, only two learners attempted using the diagram
and got it right, while 42 learners out of the 59 did not use any visual representation as they
used a method of their choice. 18 learners got it right using other methods, while 24 of them

got it wrong. 15 learners were recorded not to have attempted the question at all.

In question 7, none of the 59 learners attempted the question visually. The 37 learners who got
the question right used conceptual methods. Seven learners got it wrong, and 15 learners did

not attempt the question at all.

A learner used diagrams for 3 out of the four questions attempted and got all three questions

right in one of the analysed task sheets.
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Based on the initial task sheets results, it was observed that learners who attempted the
questions using some form of visualization showed that they understood visualisation
techniques. It was also revealed that most learners experienced difficulty visualising the
questions, while some could not comprehend the questions. The findings from the initial task
reveal that learners are not naturally inclined to use visualization in solving mathematical word
problems. It is also evident, from the very few that solved the problem using visual in the
combined grade 7 classes, only a few got the questions right. The observation noted from the
task sheets showed that learners are not visually inclined, resulting from not being able to
interpret the word problems diagrammatically or lack of correct interpretation of information

and visual application.

5.1.1 Pre-intervention Interview analysis

After the initial task sheet had been completed, the aim of interviewing was to gather learners’
thoughts on how they answered the questions, why they used a preferred method and their
thoughts on visualisation. Learners’ responses to the questions gave an insight into their
understanding of visualisation strategies and word problems. In selecting learners for the
interview, no single learner used diagrams for all questions, whether they answered the
question correctly or not. Selections had to be based on choosing learners who solved without
diagrams and got five or more out of the seven questions right and learners who got the majority
wrong. Also, two out of the learners who used some sort of diagrams were not consistent in its
usage as one of them used it in two questions, and the other learner used it (diagram) in only a
question.

Learners’ responses (pre-intervention)

Teacher: When solving word problems in mathematics, what methods do you like to use?

Learner Mv: I like to use methods that are easy, and I understand well.
Learner As: I use long methods.

(Learner implied that she uses calculation methods when solving word problems in

mathematics).

Learner Sb: It depends, I use calculations
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Learner E: I sometimes like using methods that explain what the process of me getting

into the answer.
Learner Lg: Column method

Teacher: That’s just for an aspect in maths. I am talking about maths in general, what methods

do you like to use?
Learner Lg: Any method ma’am.
Teacher: When you say any method, what do you mean by that?

Learner Lg: The one based on the question.

From the above, the learner’s choice of method is always dependent on the question asked. It
is observed and worthy of note from learners combined responses that their choice of method

or approach is based on the question asked.
Learner P: The long method.
Teacher: When you say the long method, what do you mean?
Learner P: The long division.
Teacher: If'it’s not division, I mean a method that will help you solve mathematics problems.
Learner P: Calculations.
Learner Sp: drawing
Learner Mn: hmm... It’s long division and multiplication (teacher probes further...)
Teacher: What methods do you use, not concepts, when solving word problems in maths?
Learner Mn: Word problems, I use...drawings.
Learner Aw: I like to use easy methods and more of drawing.
Learner Lw: Usually I use the column method.
Teacher: If'it’s not a question that requires a column method, then what method do you use?
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Learner Lw: I use a visual method, I think it in my mind and then I solve it.

The above response showed that learner may have the tendency to visualize internally, though
he stated that he uses calculation method when solving problems in mathematics. He is also
one of the learners that was introduced briefly to using visual approach in mathematics, in the
previous grade.
Learner Ang: Hmm ... I like to draw first, so that I get a better picture of what I'm doing,
then I will first do it on a separate piece of paper and once I feel confident that it is
right, then I’ll put it onto the test sheet or activity page.
Teacher: But looking at the task you completed you didn’t draw, you used a different approach

and you also didn’t use any diagram, what'’s the reason for that?

Learner Ang: When I draw I did it on a separate piece of paper, so I think my drawings

are not that neat, so if I draw here it’s going to look untidy.

Learner Sn: Well, I like to use visualization mostly if it has to do with people, I draw
their faces and maybe if there is a number you divide them into groups and just give

each person one, one each.
Teacher: Is this applicable to all questions that you solve in mathematics?
Learner Sn: No, which is why [ use diagrams for other questions if I can.

It was observed that most of the participants here claim to use some diagrams; one of them
uses it as a form of a check to better understand what she needs to do. Once she has arrived at
an answer, she then uses a non-visual approach. To learner Ang, diagrams and drawings are
helpful for the purpose of checking in mathematics and not being able to present a neat

representation of the solution has served as a means of discouragement to her.

Also, one participant uses a diagram to solve questions because she feels it is of benefit and
can help arrive at the desired answer. She, however, uses a non-visual method to solve
questions during a class activity, like the task given to her during this pre-intervention process.
If follow-up interview questions were not conducted after the task, concluding based on her
task sheet would have given a wrong conclusion. Such learners should be encouraged to use

visuals to represent word problems when completing class task and activity.
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It can also be observed that diagrams or any form of visual strategy are the first calls for some
of these learners when solving word problems in mathematics. This observation is based on
the responses given by them. Learner Mv and Aw aside, others gave similar responses that they
prefer to use easy methods to arrive at the correct answer. It can then be concluded based on
their responses that most of the learners in this particular context prefer to use methods they

are used to and understand well.
Teacher: Does your method usually work?
Learner Aw: Yes.
Learner Mv: Sometimes they do work ma’am, but my calculations are wrong.
Learner As: Yes ma’am.
Learner Sb: Sometimes.
Learner E: Ermm...75% of the time.
Teacher: Does your method usually work?

Learner Sp: Yes.
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Figure 5.1: Sp’s representation of the pre-task.
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From the above participant’s task sheet, it was evident that she could only answer four out of
seven questions because of the time factor. She used diagrams/drawings for all four questions
and got them all right. This confirmed the learner’s claim to be accurate and showed that she,
to an extent, understood her method of choice. Using diagrams to solve problems in
mathematics is what learner Sp has been exposed to in grade six; this has made it an easy choice

for her.

Teacher: Does your method usually work?

Learner Sp: Yes

Teacher: Is it like the way your teacher has taught you?
Learner Sp: Yes, in Grade 6

Teacher: And it’s been working for you?
Learner Sp: Yes.

The above participant has been exposed to visualization strategies by her teacher in the
previous grade. This experience has helped her apply these strategies correctly to solve word
problems in mathematics, which has also made her a better visualizer. From the above, it is
evident that if learners are introduced to visualization early enough in mathematics, they can

become better visualizers and good problem solver with constant practice.
Learner Sn: Yes, most of the time.

Teacher: Which of the methods work better for you?

(this question was asked based on learner’s task sheet)
Learner Sn: Visual methods normally work for me.

Teacher: I saw that you highlighted some important aspects of the questions based on the

task solved, what’s the reason for that?

Learner Sn: Hmm...to understand it better and to have an image in my mind of the

settings.
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The above learner was introduced to some form of visualization strategies in grade six; this has
helped her solve the task as her first approach was to highlight the essential aspects in the
question. From the response given, she claimed highlighting helped her create an image in her
mind, which further developed into an external interpretation of the task. This response shows
that visualization has taken place in the head, after which she translated what was in her thought

process into an image, picture or diagram.

Teacher: From the task you solved, I also saw that you did not use diagram for all the

questions, why is that so?

Learner Sn: Hmmm...most of them had numbers, so I tried using visuals but they didn’t

work for all.

Though learner Sn highlighted essential aspects of the questions before proferring a solution,
she could not use diagrams or pictures to solve all the questions. The subject (participant)
believes that not all questions involving fractions can be represented using diagrams or
drawings, so she used diagrams for some but did not for the others. Her solutions were visual
and non-visual related from the task sheet shown below, and both approaches seem to work for

her. For the questions she solved using pictures and diagrams, she arrived at a correct answer.
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Figure 5.2: Learner Sn’s solution of the pre-task

Teacher: Does your method usually work?
Learner Lw: Yes.
Learner Lg: Sometimes, if I do it in a correct way.
Learner P: Yes ma’am it works.
Learner Ang: Yes, it does.

Teacher: Which method works well for you?

Learner Ang: hmmm...drawing first, but then I put it into words when I’'m done.

The learner preferred to use diagrams or drawings first for rough workings when solving a

problem from the above responses. This, the participant claimed, will help her get a better

picture of what she is doing and understand the question. Once she is sure of what is expected,

she then solves the problem using a different approach.

This particular learner uses diagrams or drawings to her own advantage, which has helped solve

the task.
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Figure 5.3: Ang’s representation of the pre-task

Learner Mn: Sometimes, sometimes it doesn’t. Sometimes ma’am, it only works in

certain word problems, but in others you can’t draw cos you can’t actually draw the

word problems...

(Teacher probes further based on learner’s task sheet...)

Teacher: If we look at the task here, you only used drawing in two questions, why didn’t you

use it for the other questions?

Learner Mn: Miss I couldn’t find a way to draw the...the...word problem. I was rushing

through...

It is observed from learner Mn’s response, who already has prior knowledge of visualization,
that his method does not always work and is only applicable to specific questions. Visualization
strategy was briefly introduced to him and a few of the learners in a particular grade six class.
His participation in some visualization lessons the previous year formed the basis of his prior

knowledge in visualization, especially the use of diagrams. Also, from the above responses,
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the learner claimed to use diagrams when solving problems in mathematics, but from his task
sheet, he only used it for two questions and only got one right. The participant’s inability to
use diagrams might result from not being able to interpret the questions given correctly. From
other learners responses, their method of choice, which is not visuals or any form of diagram,

always work for them.
Teacher: Is your method like the way your teacher has taught you?

Learner Mn: Yes ma’am it is, but no......not completely, I sometime use my own, when

they say a third or a fifth of something, I draw those fractions.

Teacher: You only draw when it is fraction?

Learner Mn: Yes ma’am, could only visualize when it involves fractions.
This was so for the two questions solved, as he only used diagrams in questions involving
fractions. This learner is only able to use diagrams for questions that are fraction based, as he
finds them easy to represent and solve than other concepts.
(responses from other learners continues...)

Learner Aw: Some of them are.

Learner As: Yes ma’am, some other methods are from Grade 6, how I learned them.
Learner E: Yes.

Learner Lg: Usually, yes.

Learner Mv: Sometimes, he is fast ma’am and sometimes ma’am I just don’t understand

him and I’'m scared to ask.

By the above response, the learner meant that his other teacher’s teaching approach is too fast
to understand, which has then affected his interest in Mathematics. (It was necessary to ask the

question again to establish how he learned his methods.)
Learner Mv: Yes, ma’am, it’s the way he taught us.

Learner Sb: No, some I usually tutor it from my dad, my dad usually teaches me how

to solve my problems.

Learner Lw: Sometimes, No.
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Learner explained further.

Learner Lw: Sometimes I use it the way our teacher has taught us, eish...and sometimes

Idon't.

Learner P: No, sometimes I change the method, the way [ want it ma’am. The way [

understand it.

From the above responses, participants choice of method is dependent on the extent to which
the question is understood. If meaning is derived from the questions, learners will be able to

use the information to form an image or representation in their minds.
(Learners responses continues....)
Learner Ang: Yes.

Learner Sn: It’s sort of is because I was taught to use a method that I prefer most, and

1 prefer visualization.

This is what I am observing from responses given by learners to the above question. Their
choice of method in solving word problems in mathematics is mainly based on how they
learned it from their teachers. This implies that the teacher is an external force that can
influence learner’s decision and choices. If these strategies had been introduced to them early

enough and consistently, perhaps, it would have impacted their choice of it.

Teacher: Do you like to draw, highlight or see something differently when writing the

solution?
Learner Mn: No, usually I just...only draw, I only draw.
Learner Aw: Yes.

Teacher: Okay, if you say you like to draw, from the task completed I see that you only used

diagram in one question, whilst others you didn’t. Can you explain?

Learner Aw: I found the ones without the drawing, I found them much easier to solve

without the drawing.

Learner Mv: I am not used to that ma’am. [ do draw.
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Learner claimed to use diagrams in mathematics, but his task sheet did not reveal this as he did
not use diagram for any of the questions; he only got one question right. It is interesting to find
out from learner Aw that she only uses diagrams for questions that she perceives as difficult
and prefers to use other methods for easy questions. Her perception of any form of visual
strategy from her response could be that it should be used for very technical or challenging

questions.

From their responses, two of them (learner Mn and Aw) said they sometimes use diagrams,
though one of them said she likes to use diagrams but, it is also dependent on the type of
question asked and would not draw a diagram if the question is easy. Learner Aw said she does
not use diagrams if she cannot find a way of interpreting the problem. The reason given by
both learners differs but also showed that visualizing or drawing diagrams is not their first

approach to solving mathematics problems.
(Learners responses continues)

Learner As: No ma’am I don'’t.
Teacher: why?

Learner As: Ma’am, because...ahh...hmm... I have my own way to see things and when
I draw it’s kind of difficult for me to see than when writing the solution.
The learner is of the opinion that diagram, highlighting is of no benefit to her, as she is used to
her usual way of solving problems. (Teacher saw the need to probe even further.)

Teacher: So, when you draw it becomes difficult for you to see the solution?
Learner As: Yes
Learner Sb: I don'’t like to draw, I like explaining, like calculations.
Teacher: Why don’t you like to draw?

Learner Sb: To me it’s ..., sometimes I get confused on how I arrived at the answer but,

when I explain I know I can check how I explained the answer.

For this learner, the only form of visual strategy that he feels can be used when solving

problems in mathematics is the diagram. The difficulty he claimed to encounter is how to check
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whilst completing the task using this approach. He can check and explain the process of arriving

at a solution when he uses other methods.
Learner E: No.

Another learner responded that she does not like to draw or highlight when writing her solution.

The teacher probed further.

Teacher: Why?
Learner E: Ermm...when I understand the concept and what we are being tested and
asked what to do, I don’t like using drawing because I know what I'm supposed to be
doing. But when it comes to fractions, algebraic expressions and input and output
values I have problems because sometimes I don’t understand the question itself, so |

use diagrams to explain it.
Teacher: So, using visuals or diagrams is dependent on the concept?
Learner E: Yes.

The teacher had to probe further based on the learner’s task sheet as she claimed she uses
diagrams for concepts like fractions, Patterns to name a few but did not use them in the task

solved.
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Figure 5.4: Learner E’s representation of the pre-task.
Teacher: I looked through your task sheet and saw that you didn’t use diagrams at all, why?

Learner E: Because for me, I find fractions not that hard because you have to
understand the denominator part and how to incorporate it with the other questions

that are being asked.

Again, it is observed from all the responses given that learners would rather prefer to use other
methods to solve mathematical problems than to highlight or draw. Their mind is not yet

opened to either internal or external way of visualizing when it comes to word problems.

Of the three learners with a similar response to the above question, learner As and Sb both said
they use calculation method (that is, non-visual method) when it comes to solving problems in

mathematics, while learner E says she uses any method that explains the process and will enable
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her to get to the answer. The three of them (4s, Sb and E) said they do not like to draw; this
means that diagrams will not be the first approach they would choose for solving mathematics
problems. However, learner Aw and E believe that using diagrams or drawings depends on the
question asked and/or concepts. Also, their responses are similar in that they only use diagrams
or drawings if the questions are complex.

(Learners response continues...)
Learner P: Yes ma’am, I like to highlight because I can visualize colours, I can see
colours.

Teacher: But looking through your task sheet, you didn’t highlight?
Learner P: It’s because...I wasn’t ready ma’am.

Teacher: What do you mean by you were not ready?

Learner P: Ma’am I didn’t understand some of the questions.

Knowing what to look out for in a word problem could help a learner, as it is the first step to
solving the problem. This was lacking in this learner and made it difficult to choose an
appropriate strategy to lead to the solution. Focusing on important aspects of a question by

highlighting may have helped reduce the ambiguity of the question.

Learner Lg: Yes.
Teacher: Yes what?

Learner Lg: Yes, I highlight.
Teacher: Looking at your task sheet, you didn’t highlight. (Teacher repeats the question)

Learner Lg: drawing.
(Teacher had to probe further, based on learner’s response)

Teacher: You only used diagram in a question. Why didn’t you use more of drawing in this

task?

Learner Lg: I didn’t understand the question.
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Of the seven questions attempted by this learner, she tried using a diagram approach for
question one but got stuck as the solution was incomplete. In solving the other six questions,
she used a non-visual approach to arrive at the answer, but only two of the six questions were
correctly solved. It also showed that the learner lacked conceptual understanding, which was

needed to interpret the questions correctly.
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Figure 5.5: Lg’s representation of the pre-task.

It can then be said that if learners lack adequate understanding, and if the required skills and

knowledge isn’t acquired it could pose as a barrier when solving problems in mathematics.
Teacher: Do you like to draw, highlight or see something different when writing the solution?
Learner Sp: I like to draw and highlight.

Learner Sn: Yes, I do because when you highlight it, you get 2 stories and understand

it better.

Learner stated that she highlights because it helps separate the important and needed

information from what is not required. Which then helped for better understanding and solving
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of the problem at hand. This can be seen as an aspect of visualization before further

representation.
Learner Ang: Yes, I do that.

Teacher: What do you do?

Learner Ang: If it’s a test, I highlight the most important words, so I break them down,

and then I find out what I must do and how to get the answer.

Teacher: In other words, if it is a test you highlight, draw first on a separate page, and once you
feel confident, you then use other methods to write the solution on the page. Was that what you

did in this task?
Learner Ang: Yes ma’am.

Learner (Sp, Ang & Sn) all responded to using diagrams or some form of visuals. Of the three
learners, Learner ‘Ang’ said that she preferred to draw on a separate paper to understand better
what the question was asking and what she was doing. Her reason for not using it formally was
because it makes her work look untidy. She mentioned during the interview that she also
highlights the most important words to know what to do before solving the problem. This
learner from our conversation possesses some visualization strategy skills, which has helped
her in her task as she got six out of the seven questions right. Though she did not show it on

the actual task sheet, she used it on a separate paper.
Learner Lw: I like to draw.

Teacher: When I looked at the tasks solved, you only used diagram in a particular question,

why is it so?

Learner Lw: Some were easy, so I thought the one that I drew in was challenging so [

draw.

Learner claimed he only uses diagrams or drawings for challenging questions and uses
calculation methods if found easy. It showed here that there is no natural inclination to using

diagrams when solving word problems in mathematics.
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Learner Sp did not highlight, but she solved four problems using diagrams, as time did not
permit her to complete the task. All four questions were solved correctly, and she also went
ahead to using different colours in her representations. She believes that using diagrams or
drawing makes problem-solving easy for her, so she prefers to use it. Learner Sn, on the other
hand, used drawings as she drew faces to represent her problems. Of the six questions
answered, she used diagrams for three, which were all correct, and the non-visual method for
the remaining three. She pointed out that visuals did not work for all the questions as she was
unable to represent the solution diagrammatically. She also stated that she has learned from
her teacher always to use the most preferred method. These three learners exhibit one or more
forms of visualization skills from their responses and the task solved, which has further helped

them in the task. Sample of the 3 learners task has been shown above.
Teacher: Do you think a diagram, or a drawing would make solving problems easier?

Learner Mn: On most occasions yes, but in some questions, you have to really think

and mentally not you, but you can’t use drawings.
Learner Aw: Yes.
Teacher: Why?

Learner Aw: I like drawing and if I draw it makes it easier for me to remember if I have

to do it again.
Learner Mv: Yes ma’am.

Teacher: Can you explain why?

Learner Mv: Because I can picture it and I can understand it well.

Teacher: Why didn’t you use it?

Learner Mv: I never thought of it maybe.
It is observed that learner Mv and Aw believe that a diagram or drawing will make mathematics
problem easier, but only used it for 1 or 2 questions. Learner Mv says he likes to draw, but
diagram is not his first call when solving mathematics. He thinks it will make solving

mathematics easier as well.

(responses from other learners continues...)
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Learner As: No.
Teacher: Why do you say so?

Learner As: Because ma’am I like to, hmm...I like to calculate my solutions, I like to

calculate them.
Learner Sb: Yes, I think so.

Teacher: Why?

Learner Sb: Because when you are actually doing diagrams, I think it’s just because I
sometimes get lazy to draw. It’s because when I draw the diagrams I sometimes see it

as a waste of time, just because when I do the calculations is much easier.
Learner Sp: Yes

Teacher: Why?
Learner Sp: Because you can see it and if there is something wrong you can see.

Participant believes that diagrams make problem-solving more accessible, but mistakes or

errors are easily picked up as well.
Learner Lg: Yes.

Teacher: Why?
Learner Lg: Because it helps me understand the question better.
Learner P: No ma’am.

Teacher: Why did you say so?

Learner P: Ma’am I don'’t like drawing diagrams ma’am. I stick to methods.
By the above response, learner P meant he only uses calculation methods.
Learner Ang: Yes.

Teacher: Why did you say so?
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Learner Ang: Hmmm...because it gets a better picture of the question, and as it says
here, if it says two sandwiches I can draw two sandwiches and then I can cut them into

the fractions they say I must cut them into.
Learner Lw: Yes.
Teacher: Why did you say so?
Learner Lw: Because it explains...then [ understand then I solve it.
Learner Sn: Yes, because you can see how you can solve your problem.

From my observation and the above response pattern, most of the learners responded that
diagram or drawing would make solving word problems easier. Learner Mv believes that if he
can have a picture in mind, it will make for a better understanding. This also means that the
above learner can visualize internally, but it was not his first choice when it came to solving
the problems given. It could be that learners not choosing visuals as their first call method may
be as a result of not being used to it. If learners have been encouraged to using it consistently,

their confidence level could have been boosted.

Learner Lg, P and Lw gave a similar response on their method of choice, as they all preferred
the calculation method when solving problems in mathematics. Learner L and P both said they
liked to highlight, while learner Lw prefers to draw when writing the solution, but none of them
did that in this task. Learner P said he does not believe diagram will make the solving of word
problem easier. When the educator probed further, he said it is because he does not like to
draw. The other two affirmed that diagram and drawing would make solving problems easier,
as it will help better understand the problem. Two of the learners tried using a diagram in one
of the six questions; one of them got stuck and could not complete it, thereby using the
calculation method. The other learner got the question he solved using a diagram right but
resorted to solving the other six questions differently, using a calculation method. When asked
why he used a diagram for one out of the six questions he said, he only uses diagram when the

questions are challenging.
Teacher: How often do you use diagrams or drawings to solve problems?

Learner Mn: Half of the time when I am answering a maths question or any question
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Teacher: Do you use it in classwork or tests?
Learner Mn: Only in classwork.

Teacher: Why?

Learner Mn: I don’t really because when you are doing it in classwork, I know it’s not

for marks, so the one I trust the most, I use other methods.
Learner E: 10% of the time.
Learner Aw: Most of the time.
Learner Sb: Once a while.
Learner Mv: I use drawings a lot.
Teacher: Glancing through your task sheet, you didn’t use diagrams or drawings at all, why?
Learner Mv: Because I wasn’t serious.
Learner As: Sometimes I use it... It’s kind of difficult when I use them.

Learner Sn: I use them most of the time when completing my homework or classroom
activities.

Learner Sp: Not all the time, but most of the time

Learner Sn and Sp used more visualization strategies compared to the other four learners.
Learner Sn highlighted the important information that she claimed helped her understand and
know what to do and how to solve the problem. She mentioned from our conversation that
when she highlights, it paints two different stories and develops an image on her mind that
helps with the solving process. This is very important and worthy of note based on responses
given by learner Sn that visualization starts in the head, internally before it is then translated

on paper this is based on what she has pictured in her mind.
Learner Lg: In tests.

Learner P: I don’t usually use them a lot ma’am.
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Learner Ang: It’s not that often but then, mostly half of my tests and work I do diagrams

first, then I will write in words.
Learner Lw: Most of the time I use it. I practice it at home but I don’t do it in class.

The above responses to the questions asked showed that learners have different perception with
regards to diagrams and drawing in solving word problems in mathematics. Some of the
learners claimed that diagrams are complicated and see no need for their usage. Learner Mn
only uses diagrams for questions that he is sure of and uses other methods for difficult
questions. This is different from responses given by two of the interviewed learners that they
use diagrams or some form of visualization for difficult questions in the previous question
asked. Learner Aw responded to using diagrams most of the time and claimed in one of her

previous responses that she uses diagrams for difficult questions.

Teacher: Do you think using diagrams or drawings when solving a problem takes a lot of

time?

Learner Mn: Yes, because you have to draw the correct diagram or your entire question
is going to be wrong.

(Educator had to probe further)

Teacher: Why?

Learner Mn: Because it needs to be accurate and you need to see through your own

eyes, but if you want to make it quick, then you will be rushing through, you can’t think
properly.

Learner Aw: It depends on the kind of question. Like if you have to do more of the
thinking and solving, then I will use the drawing. If it’s easy, then I wouldn’t use the

drawing.
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Figure 5.6: Learner Aw’s representation of the pre-task.
The above sample solution showed that the learner chose not to use visuals except for one

question because the non-visual method was an easy choice for her.
(Learners responses continues)

Learner Mv: Yes ma’am.
Teacher: Why did you say so?

Learner Mv: Because you have to draw it properly, so you can get the thing right, and
you are wasting time while drawing the thing.

Learner As: For me [ think so

Teacher: Why?

Learner As: Because...hmm...for me it takes a lot of thinking for drawing, and drawing
is not my thing. (learner continues with her response) I see them kind of difficult for me

to do.

Learner Mn is of the opinion that before you can use diagrams for solving word problems, it

has to be carefully thought of, and you need to see it internally before it can be represented on
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paper. The process of thinking through and representing problems diagrammatically is what
takes a lot of time. Learner Mv on the other hand, already made his conclusion that using a
diagram or any form of visualization in mathematics is time-consuming. This might be one of
the reasons he chose not to use it. Also, from experience over the years, learner Mv has shown
little or no interest in mathematics and has to be constantly motivated.

The responses given by learner As, showed that she does not like drawing and did not see a
need for it. In all the seven questions answered from the task sheet (got five right), she did not
attempt to use visuals or diagrams for any of the questions because she perceived
diagram/visualization as difficult, time-consuming and requires critical thinking skills. (See the

above figure for her solution)
Learner Sb: Yes, I think so
Teacher: why?

Learner Sb: Because ma’am...let’s say if you want to solve like a pattern, you have to
draw the table, the position of sequence, and that takes a lot of time, like getting to the

book and writing, like maybe what’s the answer and the rule.

It can also be seen from the above responses from learner Sb and his sample solution that his
perception of diagram usage or any form of visualization skills in a mathematical word problem
is termed a waste of time and confusing. Also, learners need to be able to think critically in
order to be real problem solvers. However, very few possess this quality, going by learner Sb’s

response that he is lazy to put some thought into interpreting the questions.
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Figure 5.7: Sb’s representation of the task.

Teacher: Do you think using diagrams or drawing when solving problems takes a lot of time?
Learner E: It’s based on, do you really understand what you are doing? If you don’t
understand, it is going to take quite some time to actually draw it, but if you do

understand what you are doing, it doesn’t take that long.
Learner Sp: Yes, because it has to be...eish... correct.

Teacher: So, does that mean you spend your time thinking about the diagram before you draw

it?

Learner Sp: Yes, because then if I don’t think about it I will draw something that’s
wrong and highlight it and then it will take more time to do it.
For the learner to represent the problem diagrammatically, careful thoughts had to be put into
the interpretation of the questions to have a correct representation, which then leads to the

learner arriving at the right answer. This, she said, takes a lot of time.
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Learner Lg: No.
Teacher: Why did you say it doesn’t take time?

Learner Lg: If you understand it, it doesn’t take time.
Teacher: And if you don’t understand it?

Learner Lg: It takes a bit of time.

The learner is of the opinion that using diagrams or drawings would not waste time if the
question is well understood. From her responses, and looking through the task completed, a
lack of understanding of the questions resulted in the use of a non-visual approach. It was also
picked up that two of the questions answered correctly were solved using the calculation

method. This could then mean that, this learner does not have the required skill/s to visualize.
Learner P: Yes ma’am, it takes a lot of time ma’am.

Teacher: Why did you say so?
Learner P: Ma’am because you still have to calculate and draw ma’am.

Teacher: But you mentioned earlier that you visualize?
Learner P: Yes ma’am.

Teacher: What do you understand by that?

Learner P: Visualize ma’am it’s like seeing the answers, 1 like to calculate in my head,

so I can hurry up and finish the work.

It’s interesting to find out that this particular learner can, to an extent, visualize internally as he
claims he sees the answer by calculating in his head. He believes that it is a quicker way of
completing the task. His responses and task sheet can be deduced that he lacks the necessary
skills needed to assist him in representing the word problems diagrammatically. For him,
visualization starts in the head, where he is able to picture the problem in his head and come

up with an answer.
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Learner Ang: Hmm...not that much, if I do simple drawings then it will not take much

of my time.
Teacher: Why do you think it takes time when using diagrams?

Learner Ang: Hmm...because sometimes if the questions I don’t get it, I don’t
understand that properly...hmmm I take a lot of time doing if I don’t understand the

question.
Teacher: And if you understand the question?
Learner Ang: It takes less time to draw the diagrams.

Learner Lw: No, if you do understand it, it won't take time, you will spend less time,

but if you don’t understand it will take a lot of time.

According to the above responses, learner Lw believes that if a question is well understood, if
a learner knows what to look out for in a problem, then solving it becomes easy and will not
take time. Moreover, if the question is not well understood, it could take a lot of time trying to

figure out how to represent it visually.

Learner Sn: No, if you don’t spend too much time on accuracy.
Teacher: Why?

Learner Sn: Hmmm...when you get too accurate just for something that you just need
to visualize and see the picture, you might end up losing focus because you end up

drawing more than understanding.

From the conversation with learner Sn, it could be deduced that she is not a natural visualizer,
as she uses diagrams at will and decides when to use them and when not to. Her usage of

visualization in any form is also dependent on the concepts that are to be solved and how easy
or difficult it is. It can then be put that learner’s use of visualization is dependent on her
understanding of the problem posed at her and the concept; this then determines the time to be

spent, and for her, it will consume a lot of time if not understood.

Of the twelve interviewees, eight of them gave similar responses when the last question was

posed at them. They were of the opinion that diagrams or drawings are time-consuming. One
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of them added that if what is required is not understood, it will take time to solve, but
interpreting using drawings or diagrams becomes easy and quick if the question is understood.
The remaining four learners thought using diagrams or drawings is not time-consuming if the
question is well understood and if much time is not spent on making the diagram or drawing
perfect. The participant’s opinion is worthy of mention here because diagram or drawing is
time-consuming because more time is spent thinking of what to draw, how to draw it, such that
it fits the problem and provides a solution before she starts. This, she said, is being done so as
to ensure accuracy. This was evident from the learner’s task sheet, as she only completed four
out of the seven questions correctly. Diagrams and colours were also used in the four questions

solved.

5.1.2 Summary of the findings of pre-intervention interview

The above analysis revealed that very few of the twelve learners interviewed from both grade
seven classes could solve the problem using diagrams or drawings. Only one learner
highlighted to draw attention to the very important information required to solve the problem.

Participants choice of method was dependent on the questions asked.

Learners in this context do not have a natural inclination to use diagrams or drawings when
solving a problem in mathematics; this was noted before the intervention was administered.
Lack of a natural inclination towards visualization from their responses was based on the
following: Most of them did not know what to look out for in a problem and how it can be
represented; this could result from a lack of adequate understanding on their part. Not
possessing the required skills and knowledge could also be seen as a challenge. Thirdly, most
of the learners interviewed thought it was time-consuming, while some said they were not good
at drawing, which demotivated them from using diagrams or drawings. Other reasons could

be:

e the teacher not using it during lessons in the classroom and not encouraging learners to
use it.
e Learners not being able to picture or visualize and their inability to interpret the

problems visually affect its completion.

Also, not all the learners who attempted using diagrams or drawings arrived at the correct

solution. One of them got stuck in the process and gave up completing the particular question
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as she was unable to process the information provided, thereby resorting to using the

calculation method.

After the initial task and interview process represented above, learners were taken through an
intervention process to teach them some visualization skills. After the intervention process, a
post-intervention task sheet was given, which contained the same problems that were answered
in the initial task sheet. Table 4.3 shows the tabulated results of the post-intervention task

sheet.

5.2 Post-intervention analysis

Table 5.2 shows the tabulated results of the post-intervention task sheet. Learners were
introduced to three (3) lessons on visualization strategies. The educator showed and taught
learners how to use visual strategies when solving word problems in mathematics. Lessons
were teacher and learner-centred, with different approaches being introduced to them. After
the intervention process, learners were given the same task sheet to complete. This was done
in order to find out if the intervention helped learners and also to investigate the various
strategies that were used. The post-intervention task sheet was also aimed at finding out if
learners were successful in their problem-solving strategies. Below is the tabulated results and

analysis of the task solved by learners in both classes.

Table 5.2: Summary results of learner’s application of visualization in the post-intervention task

Questions | No. of learners who used No. of learners who did not Not attempted
diagram use diagram
got it right got it wrong got it right got it wrong
1 19 25 4 7 5
2 42 11 6 1 0
3 31 9 6 10 4
4 8 12 6 24 10
5 13 13 15 10 9
6 13 22 6 7 12
7 8 1 26 7 18

After the intervention process, the same task sheet was administered to the 60 learners that
were present at school. Learners were asked to use visualization strategies putting into use the

skills they had acquired during the lessons. The tabulated result analysis showed that the
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number of those who used diagrams or visualization skills after the intervention has increased

compared to the pre-intervention task.

The above results also showed that not all the 60 learners used diagrams, drawings, colours and
highlighting of important words on the task sheet. Of the 44 learners who used diagrams for
question one, only 19 got it right while the other 25 attempted but were not accurate. 11 learners
used other methods; 4 of the learners arrived at the correct answer while the remaining 7 got it

wrong. 5 out of the 60 learners did not attempt the question.

In question two, 53 learners used diagrams/or drawings, with 42 arriving at the correct answer,
while 11 gave a wrong representation and answer. Only 7 out of the 60 learners used the

calculation method, 1 learner got it right, while the remaining 6 arrived at the correct answer.

40 learners used diagrams in question three, with 31 being accurate while 9 got it wrong. 16
out of the 60 learners that participated in the task did not use any visualization strategy; instead,

they used a choice method. 4 learners did not bother attempting the question.

In question four, few learners used diagrams. 20 out of the 60 learners used diagrams, with 8
being correct and 12 incorrect. 30 learners used a different method other than visualization
strategies and the remaining 10 learners did not attempt the question. Fewer learners using
visualization for this particular question could be due to learners not understanding the question
and/or not knowing what to look out for in a question. Learners experienced difficulty in

solving this particular question before the intervention strategy.

Question five showed that 26 learners used diagrams, 13 got it right, and 13 gave an incorrect
representation. 25 learners used a different approach, while 9 learners did not attempt the

question.

Only 35 out of the 60 learners completed question six using a diagram or any form of visuals.
Out of the 35, only 13 got the answer right, while the other 22 learners got the question wrong.
13 learners used a different approach, with 12 of the 60 not attempting the question. Most of

the learners used a form of visual strategy, but less than half of them got it right.

In question seven, 8 out of the 9 learners that used diagram got it right. 33 out of the 60 learners
that wrote the task used a different method, while 18 learners did not bother attempting the

question.
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An interview process was used to investigate further the intervention carried out. Its effect on

learners is discussed below.

5.2.1 Learners interview responses post-intervention

It was necessary to interview learners after the intervention process; this was done to find out
if the intervention process helped their problem-solving skills and if the strategies learned were
put into use. Also, the interview was to derive more insight into what participants thoughts
were before and after they had been introduced to the object (strategies). Learners were given
the same task to complete and were encouraged to use any visualization strategy of choice.
Twelve learners were selected to participate in an interview from the total number of learners

who completed the task, and their responses have been analysed below.

Teacher: How often do you use visualization in solving mathematical word problems?

Learner Ak: Not often, like I don’t use visualization method, I use...like methods that

we usually use at school.
Learner As: Not often
Teacher: Why did you say so?

Learner As: Because I find visualization more hard and if you can teach me a method
to do something I could, that’s the way I would use it in each and every problem I will

have.

The above response showed that this learner tends to follow whatever method she is taught in
class, this is also based on the task sheet completed by this learner. It then implies that the
educator’s strategy to solving word problems in mathematics will impact the learner as she will

trust that the method chosen by her teacher will provide an answer to the problem at hand.
Learner Mi: Not that often
Learner El: Not really, not often

Teacher: Why is that so?

Learner El: Sometimes it’s because I understand the concept and I don’t really need to
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use visualization, but sometimes if when the task requires me to do so, I do.

[The teacher had to rephrase the question for learner Lu to understand.]

Teacher: Do you use visualization in solving mathematical word problems often?
Learner Lu: I'm using shapes and fractions.

Having looked through Lu’s task sheet, it showed that her understanding of using visualization
strategies to solve word problems in mathematics has improved as she interpreted each question
visually, but for the last one. Of the six questions solved visually, four were accurately
represented, leading to the correct answer. The last question was also solved correctly, but the

learner used a non-visual approach.
Learner Md: Not every day, Miss, not often.
Learner Nom: Not a lot, a few times

Learner Nt: hmm I do not usually use it a lot, [ use it when like in mathematical problem

is written like for example has fraction problems in it.

The above three learners had similar responses to the question asked, but their task sheet differs.
Learner Md used diagrams for all the questions, but only two were accurately represented,
leading to the correct answer. She was excited about using diagrams from her responses and
expression but, it showed from her task sheet that she has a problem
understanding/comprehending the questions. On the other hand, Learner Nom does not use
visualization often, but she could correctly solve all four questions visually after the
intervention process. Learner Nt used diagrams for four of the questions, but two were wrongly
interpreted and represented. From her claim, she only uses a diagram or any form of
visualization strategy if the questions are fraction based. The use of visualization strategy in
this instance diagram for learners like the above is dependent on how well the questions are
understood.

Learner Abo: I use it mostly, all the time.

Learner Ne: I use visualization most of the time when we mostly solve word problem

with fractions.

82



Learner Aw: I usually use visualization most of the times.
Teacher: Why?
Learner Aw: It’s much easier to answer most of the hard questions.

Learner Mn: I only use it when it involves fractions because it’s much easier to separate

the diagrams into pieces when you know what fraction you are dealing with it.

The above responses showed that visualization strategy is not a method that learners opt for
when solving word problems in mathematics. It does not come to them naturally as only 3 to 4
learners were confident of using it. The intervention strategy administered improved the

number of learners who attempted the strategies during the post-task than the pre-task.

Learner Ak preferred methods that are primarily used at her school, which is not inclusive of
visualization. Getting her to use more visualization strategy when attempting word problems
in mathematics will involve its continuous use in the classroom, though she made an effort
after the intervention strategies. Learner ‘As’, on the other hand, viewed visualization as a
problematic strategy. In contrast, learner El does not see the need to use diagrams if the task is
well understood and can solve the problems using a non-visual approach. However, she can
only use it when and if asked to by the teacher. Diagrams to these learners are not their priority.
Responses from these three learners showed that visualization had not been promoted the way

it ought to in our mathematics classrooms, so it is not a preferred method.

Learner Abo and Ne are used to diagrams, especially when it involves word problems in
mathematics before now. Learner Abo, in the pre-intervention interview, stated that she uses
diagrams for her rough workings, which was why it was not used when completing the initial
task. She has made progress and now comfortable with visualization, as she used diagrams in
the post-task, which was neatly done and resulted in getting all five questions correct. Learner
Ne highlighted the essential aspects of the questions, which led to her ability to visualize the
questions, thereby using diagrams and colours for six out of the seven questions. Five of the

six questions were answered correctly; this showed that her visualization skills had improved.

Learner Aw of the twelve learners used visualization because it is a straightforward approach,
especially when it involves complex problems in mathematics. She has been exposed to using

these approaches as she was part of a few of the learners briefly introduced to visualization
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strategies in the previous grade. This opportunity has helped improve her skills when solving
word problems in mathematics and has developed confidence in its usage. This evidence
clearly shows that when learners are continuously provided with opportunities to improve their
visualization skills by their teachers, they become better at visualizing. Learner Mn would only
use diagrams or visualization for concepts that make it easy for him to give diagrammatical

representations, like fractions.

Teacher: What was different in the approach you used? Do you think you did it differently?
Learner As: The difference is that I didn’t know what [ was doing, I wasn’t sure.
Learner Ak: Yes, it helped me a lot when using visualization.

Learner El: I think I might have got all the questions right because I use peach in
colour, and Mrs C told us in Arts that when you use colours and peaches it makes it
easier to understand and remember, so I think I use colours and peaches to break it

down to make it simpler for me to understand.
Learner Aw: Yes

Learner Mn: Yes, because usually I only used to think that you can only divide fractions
into circles, but then I saw you can also divide them into pieces like squares and

everything, and that’s how I managed to complete the task.
Learner Mi: Yes
Learner Lu: Yes

Teacher: Why?

Learner Lu: I tried different methods, but then they didn’t work, so I decided to use

rectangular visuals.

(By rectangular visuals, learner meant the use of diagrams.)

Learner Md: Yes, Miss.
Learner Nom: I don’t understand.
[Teacher had to rephrase the question for the learner to understand it better. ]

84



Teacher: The approach used in solving this task, do you think it was done differently?
Learner Nom: Yes, yes.

Learner Abo: Yes, I did.

Learner Ne: Yes, because hmmm here [ use more of ... if there are people, I section them

and gave them something I will represent them with, like a circle or a star.
Learner Nt: I think I did this one differently.

There was a significant improvement in the post-task as compared to the pre-task. From
learners responses and the task completed, it was evident that eleven out of the twelve learners
knew what to do and did it differently from the pre-task (before the intervention process), either
using different shapes and pictures to represent the questions. Three of the twelve learners
highlighted essential aspects of each question before representing it visually. The above
selection and looking through their task sheets showed that learner As and learner Ak were
unsure and confident of the approach used. It was interesting to find out from leaner ‘As’
response that she was not sure of what she was doing, even though she used diagrams in five
of the seven questions. She could also come up with a diagram for the questions attempted, but
they were inaccurate, resulting in an incorrect answer. It is believed that with constant
intervention and avenues to use diagrams or other forms of visuals, learner As can progress to
becoming a better visualizer and problem solver. On the other hand, learner Ak represented six
of the seven questions diagrammatically and got two of six right. When asked the above
question, she responded that she did it differently as she was sure her representations were

correct.
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Figure 5.8: Learner Ak’s post-intervention task

It is worthy of note here that using diagrams, pictures, or any visual strategy will not yield the
result it is intended to if learners cannot detect when they are wrong or when their
representations are wrong. Educators need to ensure that learners solve problems visually and

detect when they are wrong in their approach, which will lead to successful and accurate results

from learners.

Teacher: Do you think visualization strategies makes it easy to solve word problems in

mathematics?

Learner Aw: Yes

Teacher: Why did you say so?

Learner Aw: I'm using visualization as I like drawing and pictures, it makes it easier

to understand what I'm doing.
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Learner Ak: It’s easier because you can... like see. It helps me a lot because now I can

see where I can work more on one question and what you did in the sum.
Learner El: Yes.
Teacher: Why did you say so?

Learner El: Because it helps you to really understand how you get into the answer,
because when you use like sums to solve, sometimes you don’t really understand
because they are numbers and sometimes one number can mean a different value, but

then when you have your peaches there, you can understand what this means...
Learner Mi: Yes, it does
Teacher: Why did you say so?

Learner Mi: Because you will be able to visualize the problem, it will be easy to see it

than writing it down.

Learner Mn: For some word problems that involve fractions, but for others it usually

doesn’t really work.
Teacher: Is it only fractions, how about maybe geometry and other concepts?
Learner Mn: No, I don’t think so, I don’t think it works.

Most of the learner’s responses to the above question after the intervention process and the task
was that visualization strategies make it easy to solve word problems in mathematics. Learner
(Aw, Ak, Mi and El) all ascertained that they can get a clearer picture of what they are doing
as it’s easy to visualize the problem at hand and mistakes are easily picked up.

Learner Lu: Yes
Teacher: Why did you say so?

Learner Lu: I see the difference between working out numbers and visuals because

visual show how much of the sum it is and it’s easier for me to count properly.

Learner Md: Yes ma’am! [Learner answered with excitement in her voice and on her

face]
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Learner Nom: Yes, yes it does
[Teacher probes further....]
Teacher: Why did you say so?

Learner Nom: If you can see the picture, it gives you an idea of what you are doing and

what you are working on.
Learner Abo: Yes, it makes it easier.

Teacher: Explain?
Learner Abo: Because hmm...you understand the question easily and when you write,
it gets complicated and you get lost, and you get the answer wrong.

Learner Ne: Yes...
Teacher: Why?

Learner Ne: It gives you a picture and an image of how you supposed to solve your

problem.
Learner Nt: Yes
Teacher: Why did you say so?

Learner Nt: Because if like you visualise it, it’s more easier and if you have to write it

down in numbers as it is more harder.
Learner As: No
Teacher: Why did you say so?

Learner As: Because ma’am I struggle with diagrams, I don’t know, but I find it easier

when you use equations.

Visualization strategies have made it easy for learners to solve word problems in mathematics
based on their responses and task sheet. Some of the learners, from their responses, have seen

how beneficial the intervention process has been to them when solving word problems in

88



mathematics. Learner Nom believes that if the problem can be pictured, then arriving at an

accurate solution is possible.

Tm s~

pmﬁﬂi

[

Figure 5.9: Learner E’s post-intervention task

Learner Mn was of a different opinion as he concluded that visualization could only be used
for some word problems that involve fractions and not all problems can be visualized or
represented using diagrams or pictures. The teacher had to correct the misconception by
pointing out to this learner that it can be used in some concepts other than fraction, as it was
used in integers in one of our mathematics lessons. The learner has not fully understood that
highlighting, gestures and internal visualization, to mention a few are all part of visualization

strategies.

Furthermore, the same learner who used diagrams but was unsure of what she was doing felt

visualization strategies does not make it easy to solve word problems in mathematics. She
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struggled when it came to diagrams. This participant concluded that visuals make solving word
problems difficult. Perhaps a continuous use and teaching of visualization strategies without
any restriction to the different concepts in a mathematics classroom will improve her interest

in its usage.
Teacher: How well do you understand visualization strategies now?

Learner Ak: I understand visualization strategies now because it uses pictures and

pictures are easy to understand.

Learner El: I really understand them because I also use them when like maybe my
parents give me questions to answer at home just for to see how well I have listening
skills at school. I understand it.

Learner Aw: I understand it very much

Learner Mn: I understand it better than how I used to understand before because now
I have been taught by my teacher that there’s different ways that you can visualize

things.
Learner Mi: I understand it well now.
Learner Lu: Well enough.

Learner Nom: hmmm...I do understand them, they are quite easy to use than regular

methods.

Learner Nom before now had little or no knowledge on how to solve problems visually, but
upon introducing them to these strategies, she now finds them easier than she thought with a

good gesture that follows.
Learner Abo: I understand it well, yes.

Learner Ne: I understand it better because you have taught me that there are different

ways and strategies you can use instead of just working it out.
Learner Mid: It’s 100% Miss, it helped me a lot.

Learner Nt: hmm...I understand it well now, although there is some difficulty that I'm

facing, but it’s much better.

90



Teacher: Can you tell me the difficulty?
Learner: You see when the fraction says like one over say...
Learner then points to a question...
Learner Nt: Like for this one, I really didn’t understand it, when they say that Michael

only manages to cycle 4

Teacher: learner was corrected as she confused { % SMor 4 Y

Learner Nt: 4 and then the father manages to complete % 1 didn’t understand that.

Learner As: A bit ma’am, not too much.
Teacher: Why?
Learner As: I don’t understand diagrams clearly.

The post-intervention strategies taught to the learners have benefitted and helped in the solving
of the post-task. Responses from the selected sample of interviewees showed that most of them
understood visualization strategies better now than when they completed the initial task. This
is also evident in the results produced, as some of the questions attempted were solved
correctly. Those struggling showed that they are beginning to grasp the strategies. If the process
is followed up, a significant improvement will be recorded among these learners. The same
learner who stated that she had difficulty with diagrams, thereby depicting the word problems
wrongly, stated that she is beginning to understand it. Anecdotal evidence from learners task
and interview showed that learners exposed to visualization briefly in the previous grade have,
after this intervention, improved and gained confidence compared to learners who only got
introduced to it in grade 7. Learner Mid claimed to have understood visualization strategies
used diagrams to solve the questions, but most were incorrect. An observable reason could be
her inability to interpret the questions correctly, which also lacks in her comprehension skills.
Learner Nt’s difficulty from her response could be based on her inability to comprehend the

problem because of the different fractions she finds confusing.

Teacher: Do you think if you use visualization strategies more often you will get better

at it?

Learner Ak: Yes, because I struggle with maths, so using visualization helps me to

understand a lot now.
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Learner El: Yes.
Learner Aw: Yes (teacher needed to probe this learner further based on her task sheet)
Teacher: Can you explain why you say that?

Learner Aw: As I get more used to visualization it gets more easier to complete more

tasks.

Learner Mn: Yes ma’am, because practice makes perfect ma’am. If I keep...continue

doing it, maybe I will understand it better.
Learner Mi: Yes

Learner As: Yes ma’am

Learner Lu: Yes, if I keep practising it.

Learner believes that if she practises using visualization strategies more often, she will get
better at it. Her response here is not far fetched, as anecdotal evidence has proven this to be
true. The learner used diagrams for six out of the seven questions and successfully solved four
of all the questions. There has been a noticeable improvement as compared to the first task

completed.
Learner Mid: Yes.
Learner Nom: Yes, yes.
Teacher: Why did you say so?

Learner Nom: hmm, because visualization is easy and it’s understandable and it’s very

easy to work out what you are working on.

Based on the above responses from learners, mathematics educators need to ensure that learners
are constantly given an avenue to better their visualization skills to become better visualizers
and problem solvers. Very few responses included above are those of learners who previously
were not comfortable using visualization strategies when solving a problem in mathematics.
However, after the intervention strategies, they have found these strategies easy as they are

becoming better at it.
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Learner Abo: Yes, I will get better at it.

Teacher: Why did you say so?
Learner Abo: Because by highlighting it’s easier to find a picture in your mind and

then you draw it and you get the answer, right.
Learner Ne: Yes, because half of the time when you use visuals, you get it correct.
Learner Nt: Yes ma’am.

They all agreed that with constant practice, they would get better at using visualization
strategies, which could be in the form of highlighting, diagrams or having a picture in mind, to

mention a few.

Suppose visualization strategies are promoted in a mathematics classroom by educators,
encouraging them to engage in its usage continuously. In that case, learners will be
confident/used to it and get better at it. Mathematics educators should therefore endeavour to

practise using some of these strategies in their lessons for the benefits of:

e making learners become better visualizers and

e making them become better problem solvers
This is in line with Muchoko, Jupri and Prabawanto (2019, pg. 2), who claimed that
visualization has been identified as a required skill. It is a powerful tool that helps learners

better understand the concept taught.

Teacher: Do you like solving word problems in mathematics?
Learner Ak: Not that much, I don'’t like it.

Teacher: why you don’t like it?

Learner Ak: Sometimes it confuses me because when they say like the word problem,
because now I have to understand the person and how much, and how much is left, and

that’s what I don'’'t like.

Learner Aw: Not exactly

Teacher: Why?
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Learner Aw: Somehow, I don’t like maths that much, sometimes there are questions

that are hard, and some are easy.

Learner Mn: I only like the one that don’t involve you to think that much ma’am.
Learner As: 1 like it because it’s a brain teaser.

Learner El: Yes

Learner Mi: Yes

Teacher: Why did you say so?

Learner Mi: Because ma’am I like thinking and thinking of ways to solve problems in

different kinds of ways than only having one way to solve it.
Learner Lu: Yes

Teacher: Why did you say so?
Learner Lu: Because I liked maths since I was young and it’s my favourite subject.
Learner Nom: Yes

Teacher: can you explain further?
Learner Nom: It gets your mind thinking critically.
Learner Abo: Yes, I do.

Teacher: why did you say so?
Learner Abo: It makes me think out of the box.
Learner Ne: Yes, I enjoy them because they challenge me.

Out of the twelve learners responses above, seven of them responded to liking word problems
in mathematics because it makes them think critically, ‘it is a brain teaser,” said one of them.
One of the many objectives of introducing word problems in mathematics to learners is to make

them critical thinkers, which is evident in the above learners.

Learner Mid: No, Miss I just can’t... [with a facial expression...]
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Teacher: You can’t, why?
Learner Mid: Especially with the fractions, but after using miss, it was like I like it now.
Learner Nt: hmmm...no, I don't like it.
Teacher: Why?
Learner Nt: Because ma’am it’s complicated sometimes.
[Teacher probes further....]
Teacher: What makes it complicated?
Learner Nt: It’s the language and how they ask the questions.

Learner Mid and Nt view word problems as complicated because of how questions are being
asked and perhaps difficulty understanding the problems, which can be attributed to language
barriers. Over the years and from experience gathered from teaching, learners are seen to have
developed a notion that mathematics is a complicated subject, especially when it came to word
problem. Responses from the above learners have highlighted some of the reasons why they

do not like solving word problems in mathematics:

e Lack of understanding when the problem is read could result from a language barrier,
thereby making it difficult to interpret it.

e Maths has been envisaged as a difficult subject.
Therefore, it is part of the educator’s duty to make learners view it as an exciting subject by
making it easy for learners to understand rather than a difficult or boring subject. This approach
has worked in my classroom, as learners who were less interested in mathematics because of
their notion, which led to them failing the subject, began to show keen interest and succeeded
at the end of the year. Educators hold an essential role when it comes to learner’s success in
mathematics.

e Also, the need to think critically, which one of the interviewees pointed out that he
does not like to do, can be addressed for this learner to improve on his thinking
skills.

Part of The National Curriculum Statement’s (2012, p. 5) aim is to ensure that learners who

can identify, solve problems and make decisions by thinking creatively and critically are
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produced in our mathematics classroom. It is essential that teaching these skills should be
part of every educator’s aim in a mathematics classroom. Learners should be exposed to more

real-life problems, promoting and developing their critical thinking skills.

Four of the learners interviewed were interested in and liked word problems as they have
been able to deduce that it helps them think critically. Another learner said that it challenges
her aside from being a brain teaser. We need more problem solvers in real-life settings, and

we as educators, should be a driving force in making that happen.

Teacher: Do you think visualization has helped you understand word problems in
mathematics better?
Learner Ak: Yes, it has helped me a lot because now I can use visualization in the word

problem.
Learner El: Yes
Teacher: Why did you say so?

Learner El: It’s because now I understand how you supposed to get your answer, not
Jjust writing the answer alone, because sometimes the teacher wants you to explain when
you write down the solving without the peaches, they take away marks because you

didn’t really explain, you just gave us the answer.
Learner Aw: Yes
Teacher: Why did you say so?
Learner Aw: If I get question, I don’t take time to think I just solve it.

Learner Mn: Yes, I get to...because visualization helps me with important aspects of

the word problems and then I see how I can move further and solve the question.
Learner As: Yes.
Learner Mi: Yes, it has.

Teacher: Why did you say so?
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Learner Mi: Because now when I solve problems, I can just use visualization and I can

visualize it, then I draw it then I will be able to solve it easily.

The post-intervention strategies (object) have helped most of the learners understand word
problems in mathematics better. This was evident in the completion of their task. For learners
who are still struggling, the educator should make a continuous effort to ensure that these
strategies are reinforced in the classroom. If learners are encouraged to use some of these
strategies, they will become good, if not better problem solvers, and visually promote effective
communication. Diagrams are an easy way to represent word problems according to the
response given by one of the learners, as a step by step explanation is not required, which

sometimes become confusing.
Learner Lu: Yes

Teacher: Why did you say so?
Learner Lu: I work out sums easily.
Learner Mid: Yes, Miss

From learner Mid’s previous responses and past experiences, she had stated that she does not
like word problems in mathematics. She has developed an interest after the intervention process
and has ascertained that visualization has helped her understand word problems better. Having
looked through her task sheet, she tried to develop diagrams in all seven questions; however,
only two out of the seven were accurate. She has made progress as compared to the initial task

completed.
Learner Nom: Yes, yes
Learner Abo: Yes
Teacher: Why did you say so?

Learner Abo: hmmm...If you read a question, see a picture in your mind and put it

down on paper it makes it easier to get the answer correctly.
Learner Ne: Yes

Teacher: Why did you say so?
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Learner Ne: hmmm because I have a better understanding when I solve it now, instead

of just running away from the question.

Learner Nt: Yeah it has, because instead of working it out, now I can visualize it, and

like draw it and like get better marks.

Figure 5.10: Abo’s representation of the post-intervention task

It is worthy of note from all the participant's responses that visualization has improved their
understanding of word problems in mathematics. Most of them can picture in their minds and
come up with accurate diagrams that helped solve the problem. Learner Abo’s response to the
above question is worthy of note. Visualization commences in the head of this particular
learner, after which she then translates what she thought of into a diagram. After the
intervention process, some learners have moved from no understanding of visualization to
having little or better understanding of visualization strategies, hence attempting the questions

rather than avoiding them.
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Teacher: I see that you have highlighted and you have used diagrams to answer the
questions, can you explain why? (the question was asked based on the strategies used by each
learner)
Learner Ak: I used diagrams because it could be easier for me if I write it down in
diagram form. So, it’s going to be easier for me to understand that because it takes time

for me to calculate.
Teacher: I also saw that you highlighted; why?

Learner Ak: I highlighted because it reminds me what I must focus on, because if |
didn’t highlight it would distract me because sometimes I don’t understand the word or
the word problem and then it might confuse me. So, highlighting makes it a bit easier

to know what you are dealing with.
Teacher: You have used diagrams and underlined, can you explain why?

Learner As: Underlining helps me to understand the question more. Diagrams, |

thought maybe if I could try, I could get better at it.

This is the first time learner ‘As’ will be introduced to use any form of visualization in solving
word problems in mathematics. She needs to keep at it to become a better visualizer. The

intervention process has helped move her from the unknown in visualization to the known.

Teacher: I see from your task sheet that you used diagrams, pictures and you have

highlighted, can you explain why?

Learner El: It’s because I use rectangles because they are accurate, and they are neater

rather than circles and I use colours because I like colours and I use them.

Teacher: Did diagrams and colours make you understand the problem better, or why did you
use them?
Learner El: It’s because I felt if I use this method it will help me understand better

rather than just writing down the answer without really explaining what I was doing.
Teacher: You have used diagrams to solve the questions, can you explain why?

Learner Mn: Because when I found out that we could separate it into other things than

circles, then I just wanted to see how many of them I could use to solve the questions.
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Teacher: There was a question you did not solve; why is that so?

Learner Mn: Because, I couldn’t find a way to visualize it and to make it into diagram,

and so I just left it.
Teacher: You have used diagrams and pictures here; can you explain why?

Learner Mi: When I read the question, I saw that it was easy for me to visualize and to
write it out.
It’s interesting to see that after learners interacted with the object (intervention lessons), they
could apply the strategies learned in the classroom to complete their task. They were able to
deduce that highlighting and or underlining makes it easier to know what to focus on when
given word problems to solve. Also, it helped not to get distracted from the keywords and made
it easier to understand the question at hand. This then helped them interpret the questions into
a diagram/or picture.
Teacher: Looking through your task sheet, you highlighted and also used some diagrams.

Can you explain why?

Learner Aw: When [ use visualization that’s how I understand the question and it makes

it easier to solve it.
Teacher: Why did you highlight?

Learner Aw: When I highlight, I highlight the key words and I focus more on the key

words than the question.
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Figure 5.11: Aw’s post-intervention task representation

Teacher: You have used diagrams in solving the problems (looking at learner’s task sheet),

can you explain why?

Learner Lu: The working out was easy and I guess I found the answer easy.

Teacher: You have used diagrams for all the questions, [pointing at the task sheet| can you

explain why?

Learner Mid: So that I can see what I'm doing because at times when [ calculate it with

my mind, I get it wrong...
Teacher: But when you use diagrams?
Learner Mid: It get better ma’am because I can see it

The above response could mean that learner is able to create an image in her mind, looking
through her task sheet, though some were incorrect. This could be a result of a lack of
conceptual understanding. With continuous practise and help from a more knowledgeable other

in this instance, the teacher or the learner, such learner can improve and become better.

Teacher: I see you have used diagrams, circled and underlined, can you explain why?
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Learner Nom: hmm the underlining and the circling is to get what the question really

wants from me, what it wants, what is the main course in the question.
Teacher: And the diagrams?

Learner Nom: If I can see it, it’s much easier to work out the answer if [ can put it into
another form. Hmm... cos if I just think it through my mind and use a regular method,
it might get confusing, but if I use visualization and see if I could work out the answer

using hmm diagrams then it’s much easier.
Teacher: You have used diagrams, looking through your task sheet, can you explain why?

Learner Abo: hmm... It’s much easier because when you see it you can understand it
better, by having different hmmm keys so you can hmmm differentiate the different
people.
Teacher: I see that you have used diagrams, and you also highlighted here, can you explain
why?
Learner Ne: hmm... for the highlighting I want to see what is important in the word

problem and for the diagrams is to picture how many the person will get.
Teacher: Also, there was a question where you didn’t use diagram, why is that so?

Learner Ne: hmm....I couldn’t find a way how I could use a diagram, so I just solved it

normally.

Teacher: I see that you have used diagrams, and also highlighted the questions. Can you

explain why?

Learner Nt: I highlighted the questions because to see hmmm....to understand the word
problems better and know what they are asking for and know the important highlights

only not the rest of the unimportant ones.
(Teacher probes further)

Teacher: I noticed from the task completed that you did not use diagrams for some questions,

can you explain why?
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Learner Nt: Because I really didn’t understand how was I going to use visualization,

and for question 5, I just saw the fractions and I just used my general knowledge.

Learners who highlighted circled and or underlined gave almost the exact reason for doing so.
Learner Aw, in her response, said, ‘When [ highlight, I highlight the key words and I focus
more on the key words than the question.” As stated by the learners, highlighting and
underlining makes their attention drawn to the essential aspects of the questions rather than the
whole story. One of the learner’s responses to the above question was that if she is able to see
it (picture it in her mind and come up with a diagram), then working out an answer becomes
easy. Highlighting the questions made learners focus on what was necessary for getting the
problem solved. Another learner deduced that if she can see it, then understanding is made
possible. A conclusion can be drawn from the above responses that visualization started from
the mind with these learners, making for an appropriate representation and solution. The
strategies also helped them develop an appropriate diagram that helped with the solving of the
task. The responses from probing into why diagrams were not used for a few questions could
be ascribed to learners not being able to picture the particular question, which can also be due
to a lack of proper understanding, resulting in using the calculation method. Mudaly (2010a)
acknowledged that diagrams are exceptional tools for sense-making and should be carefully

used when a task is being presented to learners.
Teacher: Previously, you were solving questions like this; how did you find them?

Learner Ak: I used to go back on how we used to solve them like in Grade 4 and 5, and

then I used that method to solve the questions.
Teacher: Is the way you solve it now better than then?

Learner Ak: Yes, it’s better, it’s much better and it’s helping with other things that I do

when practicing for maths and so forth.

Learner El: Some questions I didn’t understand until I asked the teacher and then she
explained them to me, but now I understand them better because I have read the
question. I highlighted the important parts of the question and then I used peaches and

diagram to explain what the question was really about.

Learner Aw: They were a bit harder than now as I'm using visualization.

103



Learner Mn: Before I just rush through them I used calculations only, not visualization
and so I got most of the answers wrong, but then when I did the second one it was much

better because I understood the questions.

Learner As: I found it much easier because I wasn’t using visualization, I was using

equations, it was much easier but then I made mistakes.
Learner Mi: I found most of the questions hard to solve.
Teacher: And now, do you still find it hard to use visuals?
Learner Mi: No
Learner Lu: I used to do it the usual way.
The learner was used to the non-visual method when solving mathematical word problems.

Learner Mid: It was hard Miss, I didn’t like it, every time I got a headache...
Learner Abo: They were hard because I had to use words and I didn’t have to draw

pictures, it was harder, but now when I use visualization, it was better.
Learner Nt: I find it hmmm....not hard and not easy like in the middle.
Teacher: Why did you say so?

Learner Nt: Because some I still don’t understand it clearly, but then now I... [Learner

couldn’t find the right words to explain]
Teacher: But now?

Learner Nt: But now, although I do understand some of it but then I don’t understand

the rest.

Eleven out of the twelve participants found the methods they used before the intervention
confusing and complex as they could not detect their mistakes and got stuck in the process.
Also, one learner before the intervention process did not have the necessary skills to visually
solve problems. She mainly used the calculation method, which she referred to as the ‘usual
way’. Others saw some of the methods they used as hard, and one of the learners was indecisive

because the method used was dependent on how well the questions were understood.
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Teacher: I taught you some strategies; how did that intervention help?

Learner Ak: The intervention helped me a lot and that I could do more with the
visualization strategies, and now it’s going to be easier for me to understand the

question, I don’t need to like think so hard. So, visualization actually helped me a lot.

Learner El: They helped me know how to do, instead of just trying my own method and
get it wrong. Mrs Bakare broke it down and helped us understand what we are supposed
to do in the task.

Learner Aw: It helped me a lot.
Teacher: In what way?

Learner Aw: Like I usually waste time when I wasn’t using visualization, but now I

don’t waste time I just solve them easily and the way I understand them.

Learner Mn: For starters, I realized that you could use diagrams other than circles like
squares and triangles to do visualization and so that helped me divide the fractions into

like 8s and 12s and all that. It helped me very much.
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Figure 5.12: Learner Mn’s post-intervention task
Learner As: The strategies that you taught me really helped me a lot, but then it just

that I learned them once.

Learner Mi: It helped me a lot, now I can solve the questions easier.
Learner Lu: It helped me understand maths easier. I learned new strategies.
Learner Mid: It made me understand it better Miss.

Learner Nom: It really helped me because now I know that visualization is the easiest

method to work out word problems.
Learner Abo: It really helped because I understand the questions really better.

Learner Ne: hmmm ... It helped by firstly, making me understand what was going on and
getting the answer partly correct, and now with visualization I now understand how to

solve problems better.

Learner Nt: It helped me a lot because some of the strategies that I know didn’t work,

and some of the strategies you taught me did work.

Figure 5.13: Ne’s post task representation
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Figure 5.14: Sp’s post-task representation

All subject (twelve learners interviewed) concluded after the intervention process (object) and
having completed the task and putting into practice what they learned (action) that;
visualization strategies have helped them become better problem solvers. It also helped them
concentrate on essential aspects in a question by either highlighting, underlining, or having a
picture of the problem in the head, referred to as the internal visualization, leading to an
appropriate solution. A conclusion can be drawn from these responses that visualization takes
place in the head of learners. What is thought of in their head leads to proffering a solution to
the problem. One of the participants emphasized that the short period of intervention made a
difference in solving word problems would benefit even more if she is exposed to more

visualization lessons. Skills required to become a better problem solver will be built over time.

5.2.2 Summary of the findings of post-intervention interview

It was evident from the responses gotten from the object (pre-intervention interview) that
learners were not used to visualization strategies and had not been exposed to them until after
the intervention process was administered. This has resulted in its lack of usage in solving

mathematical word problems in the classroom before now.

The intervention process has resulted in learners having a better understanding of visualisation

and its usage in solving word problems in mathematics. It is, however, necessary that continued
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practice is ensured so that learners can be more confident in solving mathematical word

problems.

5.3 Summary of the chapter

In this research, the Activity carried out was the teaching and learning of visualization
strategies in solving word problems in mathematics, which has been effective and helpful to
learners. The object and subject brought about the outcome; these are interwoven according to
the triangle. The intervention introduced brought about a noticeable outcome.

Findings and interpretation of the data collected through a task-based worksheet and interview

(the instrument) used were outlined in this chapter.

The data collected during the post-intervention, which was used to triangulate the evidence
derived, outlined the effectiveness of a visualization intervention in a grade 7 mathematics
classroom. The study established the type of visualization strategies used by grade 7 learners

when solving word problems in mathematics.

The instrument (pre-intervention interview) allowed the researcher to better understand the task
completed by the learners, the methods used, and their perception on whether or not diagrams
or drawing helped solve problems easier. The instrument used in the form of a post-intervention
interview allowed the researcher to understand learner’s thought and perception of
visualization and how well they (subject) understand visualization strategies (object) after the
intervention. The chapter also focused on finding out if the strategies taught helped them
(learners) become a better problem solver. Patterns also emerged from each question asked,
based on participants responses. These were discussed and summarized per class. Participants’
use of diagrams before intervention was minimal, and it was dependent on the question asked.
Some learners believed that diagrams would not make solving problems easy; some participant
thinks it is time-consuming. However, after the intervention process, participants’ (subject) use
of tools in the form of diagrams, colours, highlighters increased whilst solving the post-
intervention task. They also saw the outcome of visuals in solving word problems in
mathematics; this was evident in the tabulated results and the recorded conversation that ensued

during the interview.
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CHAPTER SIX

6 Conclusion and Recommendation
In the previous chapter, the findings and analysis of the data collected were explored in detail.
An overview of the study, the conclusion, limitations and recommendations are presented in

this chapter.

The study's overall aim was to introduce a visualization intervention strategy in a grade 7
mathematics classroom, which will enable learners to become good problem solvers. This
study's objectives were to investigate learners' visualization strategies in a grade 7 mathematics
classroom to determine the effectiveness of their strategies in solving mathematical word
problems and finding ways to improve problem-solving skills through a visualization
intervention. In carrying out this research, grade 7 learners from a Senior Primary School in
the Pinetown district were selected as participants. Six learners per class were further selected
to participate in the audio-recorded interview. The study was interpretative, and a qualitative
data collection approach was used. Twelve learners from the two grade 7 classes were selected
after the initial task sheet was completed for the pre-intervention interview. A further 12
learners were selected after the same task sheet were administered for the post-intervention
interview process. Learner’s selection for the interview process was based on a selection
process outlined in chapter 4. These interviews were conducted before and after the

intervention strategies were introduced.

6.1 Discussion of findings

The study sought to explore a visualization intervention in a grade 7 mathematics classroom.
The data collected in this study was used to investigate and provide answers to three research
questions.

» What visualization strategies do grade 7 learners use in a mathematics classroom?

» How effective are their strategies in solving problems?

» How can their problem-solving strategies be improved through a visualization

intervention?

In answering the first research question, and based on the pre-intervention interview analysis,
evidence from the study suggested that most learners from the two grade 7 classes use other

methods (mostly calculation methods) when solving mathematics problems. Learners were
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allowed to solve the problem in their preferred way. Very few of the learners used diagrams
while solving the task, while only one of the learners highlighted to focus on the essential
information required to solve the problem. Also, from some of the learner’s responses, they
found it easy to interpret word problems that involved fractions using diagrams or drawings
than with other concepts. The above finding showed that learner’s use of visualization is

concept dependent.

It was observed that the subject being understudied did not have a natural inclination to use
diagrams or any visualisation form before the intervention strategies were introduced whilst
completing their task. This resulted from some notable reasons from the responses given. Most
of the learners did not possess the required skills needed to visualize. This finding is in line
with Presmeg, (2014, p.7) article that stated that learners' unwillingness to use visualization
when solving mathematical problems is due to little attention given to the aspect of

visualization in the mathematics classroom.

Secondly, learners did not know what they should look out for when solving a mathematical
word problem and how these word problems can be represented. This was a result of a lack of
a better understanding of the problems. Thirdly, part of learners' reasons for not using diagrams
was because they believe it will be time-consuming, as many thoughts had to be put into

thinking of how and what to draw.

Other observable reasons are the lack of motivation from teachers to use these strategies as it
was not the teacher’s first choice when solving problems during lessons. One of the learner’s
responses for not using a visual strategy was that she uses the teacher's approach. It can also be
seen that not all these learners have had the privilege of being introduced to visualization
strategies. The very few that used diagrams or highlighted said they were introduced to it
(visualization) in the previous grade. For the questions attempted, only a few were represented

visually.

Evidence from this study helped answer the second research question and suggested that the
strategies chosen by learners in completing the initial task administered were not all effective.
From the table of analysis given in Table 5.1, results and responses showed that not all the
learners that used calculation or a non-visual method were successful. The effectiveness of
their method was dependent on how well the problem is understood. The analysis also showed

that learners are not natural visualizers; the very few that solved some of the problems using a
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form of visual in the two groups were not entirely accurate. These observations could result
from not being able to interpret word problems to number form or visual format as well as lack

of correct interpretation of information and application.

In answering the third research question, which was to find out how learners' problem-solving
strategies can improve if a visualization intervention was introduced. Learners were taken
through some lessons on visualization strategies and how problems can be solved in
mathematics using some of these strategies. After the intervention strategies, they were given

the same task sheet to solve using the strategies they learned.

There was a significant improvement in learner’s performance, visuals, and the accuracy of
their methods from the tabulated results (see Table 5.2). Twelve learners were selected for the

post-intervention interview, and their responses resulted in providing answers to the question.

Evidence suggested that learners’ problem-solving strategies have improved from their task
sheets and the post-intervention interview analysis due to their action to the intervention
process. Visual tools that were the mediating device used to help in the teaching and learning
of visualization, as introduced by the teacher and used by learners, improved their problem-
solving skills. This finding is supported by Muchoko, Jupri and Prabawanto (2019, pg. 2), who
claimed that visualization had been identified as a required skill, as it is a powerful tool that
helps learners have a better understanding of the concept taught. The visualization intervention
strategies were only introduced over a short period of time, with a notable level of progress
observed in their problem-solving strategies, resulting in most learners having an accurate
solution. Evidence also revealed that learners were not used to applying these strategies as most
of them were not exposed to such until the intervention process was administered. The
visualization intervention process also resulted in a better understanding of the strategies and
their application when solving mathematical word problems. This has also boosted their
confidence level, created a positive mindset, and helped their critical thinking ability. Making
The National Curriculum Statement (2012, p. 5) achievable, which stated that the aim is to
ensure that learners produced in our mathematics classrooms can identity, solve problems and
make decisions by thinking critically and creatively. Cappello and Walker (2017 p. 317)
believed in visuals and visual thinking to provide opportunity and support in terms of the
curriculum that will assist students in reaching their academic goals. The above is in line with
the National Curriculum Statement and has been seen from the findings carried out in this study

that it (visualization) is very effective.
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Also, according to Kashefi, Alias, Kahar, Buhari and Othman (2015, p. 803), visualization for
learners should be enhanced so as to boost the knowledge insight in mathematics. This was so
of the three learners that were interviewed as they were interested in, and have developed
interest as time went by, in word problems. Visualization intervention has boosted their
knowledge in mathematics, as they (learners) have deduced that it helps them think critically.

Another learner referred to it (word problem) as a brain teaser.

For us (educators) to produce more problem solvers in real-life settings, we (educators) need
to be a driving force in making such happen. This finding is supported by a report given by
Kadunz and Yerushalmy’s claim (2015, p. 463), which asserted that mathematics educators
since the beginning of the 1980s are interested in the practical challenges of teaching
visualization. Anecdotal evidence has also shown that if educators make word problems easy
for learners to understand rather than present them as difficult to solve, their view changes,
making it more exciting and approachable for them. One of the learners interviewed expressed
his view about mathematics. His lack of interest was due to how his teacher presented each
aspect and that his approach is always too fast for him (learner), which has made it a boring
subject for him. Govender (2016. p. 26) stated that when a teaching system is learner-driven,
it brings about greater learner involvement and control, promoting meaningful classroom
interaction. Also, findings by Kashefi, Alias, Kahar, Buhari and Othman (2015, p. 803) showed
that learners have not been provided with enough avenue that will expose them to visual
strategies in mathematics. This is why the research findings showed that there were difficulty

and lack of interest in learners' usage of visualization.

Learners like those mentioned above require the teacher’s intervention that is learner-centred
to succeed in concepts that are foreseen as difficult. The above learner previously was not
comfortable using visualization strategies when solving problem in mathematics. However,
after the intervention strategies, she has found them easy to use. This is supported by Ho (2010,
p. 2), who defined visualization as the centre of problem-solving in mathematics, as it also

helps learners see and have a better understanding of a problem situation.

Findings from this study have revealed that visualization is a powerful tool for solving word
problems in mathematics. Drawing and diagrams have been seen as effective strategies that
can help learners become good problem solvers, as Bansilal and Naidoo (2012) also remarked
that visualization promotes investigation and discovery through diagrams and concrete

manipulatives and models.
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It was evident that if an intervention (object) is given over a short period of time, it stands the
chance of being effective. This is based on the outcome (the result of the activity) produced
and learners responses. Also, it was noted that the time taken to solve a problem in mathematics
using visualization strategies was not much if learners know what to look out for and if much

attention is not paid to the neatness of the diagram.

6.2 Recommendation

Findings showed that very few learners had prior knowledge of visualization before the
intervention process; this was a skill acquired from their previous grade. Evidence showed that
they got better at it after the intervention process. To ensure that learners keep getting better at
visualization, Boonen, Reed, Schoonenboom, and Jolles (2014, p. 60) stated that teachers
should help encourage learners to use visual representations differently but flexibly and in a
functional way. Therefore, for learners to achieve their full potential in problem-solving,
continuous intervention should be provided for them to grow both in internal and external
representations. Teachers need to teach learners the use of visual representations in the form of

diagrams, pictures which then helps them with problem-solving in mathematics.

Also, if these learners had further knowledge of visualization before the intervention process
and were encouraged to continuously use these strategies, they would have gone from fair to
good if not better problem solvers. Learners would have also made visualization their first
choice whenever they had to solve word problems in mathematics. Therefore, it is
recommended based on these findings that teachers should make efforts to introduce and
incorporate some visualization skills and strategies into their lessons in the classroom. Learners
should be shown the benefits of visualization, diagram, and drawing to appreciate the strategies
and become independent visualizers. Cappello and Walker (2017 p. 317) stated that visuals and
visual thinking can provide opportunity and support in terms of the curriculum that will assist
students in reaching their academic goals. It is also recommended that visualization strategies
involving other mathematics concepts aside from fractions be taught to learners in the
classroom. Hence, educators need to have a sound knowledge of visualization skills and
strategies to be able to apply them to various concepts and improve learners' comprehension of
questions.

Suppose educators are not exposed to these strategies? In that case, opportunities should be
provided for them to acquire these skills as it will be beneficial to learners and improve their

performance rates. The intervention process has resulted in learners having a better
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understanding of visualisation and its usage in solving word problems in mathematics.
However, it is necessary that continued practice is ensured so that learners can be more
confident in solving mathematical word problems. Also, for learners that language may prevent
them from understanding the problem, plans should be put in place to improve their reading
and comprehension abilities, understand and interpret problems, and identify important

information and success in visualizing.

The study carried out is important in showing that when teachers introduce visualization
strategies in the teaching and learning of mathematics, learners' problem-solving strategies will
improve. Therefore, continuous promotion of visualization strategies is encouraged in class
and at an early grade, with educators ensuring that learners are constantly given avenues to
better their visualization skills. This will make them become better visualizers and problem
solvers. Educators need to shift from choosing visualization strategies based on how convenient
it is. Boonen, Reed, Schoonenboom & Jolles (2016, p. 76) affirmed from the research carried
out that educators choice of the use of visual representations was based on their personal

preferences rather than basing it on the best fit with the word problem characteristics.

It is worth noting here that using diagrams, pictures, or any visual strategy will not yield the
result it is intended to if learners cannot detect when they are wrong or when their
representations are wrong. Educators need to ensure that learners not only solve problems
visually but are able to detect when they are wrong in their approach. Visualization intervention
can make a difference in learners' approach to problem-solving if promoted in the classroom
environment by teachers. Zimmerman and Cunningham (1991) support this in an important
research forum where visualization was described as a medium for meaningful problem-

solving in algebra aside from other topics.

For learners to pick up more interest in problem-solving through visualization skills and
become critical thinkers, improving their problem-solving abilities, educators have an
important role to play. This is supported by The National Curriculum Statement (2012, p. 5)
that its aim is to ensure that learners produced in our mathematics classrooms are able to
identify, solve problems and make decisions by thinking critically and creatively. In other
words, educators need to ensure that more problem solvers are produced in our mathematics

classrooms.
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6.3 Limitations

Findings cannot be generalized as the study only focused on a particular context. However,
attention should be paid to these findings to further promote visualization and minimize the
challenges encountered by learners and teachers. This study may be conducted in another
context with different learners to compare results, leading to further study and research. The
intervention lessons had to be planned within the curriculum teaching time, as learners do not
have mathematics planned on their timetable daily. Also, few minutes had to be taken out of
learners’ 30 minutes break time, (2" break, each interview was not up to 10minutes) to conduct
the interview. Few minutes had to be taken after lessons had been covered for the day, to have
selected learners interviewed. Interviews could not be conducted after the curriculum had been
covered, which was towards the end of the term, as over the years, learners’ attendance rate
dropped at this period and after year-end assessments have been completed. Most of the
interview were conducted towards the end of my lesson and learners’ were not deprived of

their break time.

115



REFERENCES

Arcavi, A. (2016). The role of visual representations in the learning of mathematics.
Weizmann Institute of Science, Israel, 26-41.

Bansilal, S., & Naidoo, J. (2012). Learners engaging with transformation geometry. South
African Journal of Education, 32(1), 26-39.

Bertram, C. & Christiansen, 1. (2016). Understanding research. 5™ edition. Pretoria: Van
Schaik p6 — 117.

Bishop, A. (1989). Review of research on visualization in mathematics education, Focus on
Learning Problems in Mathematics, 11(1), 7-16.

Boaler, .J., Chen, .L., Williams, .C., Cordero, .M. (2016). Seeing as Understanding: The
Importance of Visual Mathematics for our Brain and Learning. J Appl Computat Math 5
(5), 1-6.

Boonen, A. J. H., Reed, H. C., Schoonenboom, J., & Jolles. J. (2016). It's not a math lesson -
we're learning to draw! Teachers' use of visual representations in instructing word

problem solving in sixth grade of elementary school. Vrije Universiteit Amsterdam, the
Netherlands; Frontline Learning Research Vol.4 No.5 (2016) 55 — 82. ISSN 2295 — 3159.

Boonen, A. J. H., Van Wesel, F., Jolles, J., & Van der Schoot, M. (2014). The role of visual
representation type, spatial ability, and reading comprehension in word problem
solving: An item-level analysis in elementary school children. International Journal of
Educational Research, 68, 15-26. doi: http://dx.doi.org/10.1016/j.ijer.2014.08.001

Boonen, A. J. H., Van der Schoot, M., Van Wesel, F., De Vries, M. H., & Jolles J. (2013).
What underlies successful word problem solving? A path analysis in sixth grade
students. Contemporary Educational Psychology, 38, 271-279. doi:
http://dx.doi.org/10.1016/j.cedpsych.2013.05.001

Budaloo, V. R. (2015). The Use of Visual Reasoning by Successful Mathematics Teachers:
School of Science, Mathematics and Technology Education University of KwaZulu-
Natal.

Cappello, M. & Walker, N.T. (2016). Visual Thinking Strategies: Teachers' Reflections on
Closely Reading Complex Visual Texts within the Disciplines. The Reading Teacher,
70(3), 317-325.

Cleland, J. & Durning, S.J. (2019). Education and services: how theories can help in
Understanding tensions. Medical Education, 53, 42-55.

Cohen, L., Manion, L., & Morrison, K. (2011). Research methods in education (7th ed.). New
York, NY: Routledge.

Cohen, L., Manion, L. & Morrison, K. (Eds.), (2007). Research Methods in Education
(6th ed.). New York: Routledge Falmer.

116


http://dx.doi.org/10.1016/j.ijer.2014.08.001
http://dx.doi.org/10.1016/j.cedpsych.2013.05.001

Crawford, K., & Hasan, H. (2006). Demonstrations of the Activity Theory
Framework for Research in Information Systems. Austaralasian Journal of
Information Systems, 13, 49-68.

Creswell, J. (2003). Research design: Qualitative, quantitative and mixed methods approach
(2nd Ed.). Thousand Oaks, CA: SAGE Publications.

Davis, P. and Anderson, J. (1979). Nonanalytic aspects of mathematics and their implication
for research and education, SIAM Review, 21(1), 112-127.

De Vos, A. S., Delport, C., Fouché, C. B., & Strydom, H. (2005). Research at grass roots: For
the social sciences and human service professions. Pretoria: Van Schaik Publishers.

De Koning, B. B., & van der Schoot, M. (2013). Becoming part of the story! Refueling the
interest in visualization strategies for reading comprehension. Education Psychology
Review, 25, 261-287.

Depaepe, F., De Corte, E., & Verschaffel, L. (2010). Teachers' approaches towards word
problem solving: Elaborating or restricting the problem context. Teaching and Teacher
Education, 26, 152-160. doi: 10.1016/j.tate.2009.03.016.

Department of Basic Education. (2011). National Curriculum Statements Grades 7 — 9
(General) Mathematics. Pretoria: Department of Education.

Dreher, A., & Kuntze S. (2015). Teachers' professional knowledge and noticing: The case of
multiple representations in the mathematics classroom. Educational Studies in
Mathematics, 88, 89-114. doi:10.1007/s10649-014-9577-8.

Dreyfus, T. (1991). On the status of visual reasoning in mathematics and mathematics
education. Proceedings of the 15th Annual Meeting of the International Group for the
Psychology of Mathematics Education 1, 33—48.

Engestrom, Y. (2015). Learning by expanding: An activity-theoretical approach to
developmental research (2nd ed.). Cambridge, UK: Cambridge University Press.

Engestrom, Y., Sannino, A., & Virkkunen, J. (2014). On the methodological demands of
formative interventions. Mind, Culture, and Activity, 21, 118—128.

Engestrom, Y. (2001). Expansive Learning at Work: toward an activity theoretical
reconceptualization. Journal of Education and Work, 14, 133-156.

Engestrom, Y. (1999). Activity Theory and Individual and Social transformation. In. Y.
Engestrom, R. Miettinin, & R.Punamaki (Eds), Perspectives on activity (pp.19-38). New
York: Cambridge University Press.

Engestrom, Y. (1987). Learning by Expanding: An Activity-Theoretical Approach to
Developmental Research. Helsinki, Finland: OrientaKonsultit.

Farrell, T. S. C. (2016). TESOL, a profession that eats its young! The importance of reflective

117



practice in language teacher education. Iranian Journal of Language Teaching Research
4(3), 97-107.

Franco, M., & Unrath, K. (2014). Carpe diem: Seizing the Common Core with Visual
Thinking Strategies in the visual arts classroom. Art Education, 67(1), 28-32.

Gedera. D.S.P., Williams, P.J. (2016). Activity Theory in Education. Research and Practice
Sense Publishers, Rotterdam.

Geertz, C. (1973). Thick description: towards an interpretive theory of culture. In: C. Geertz
(ed.)The interpretation of Cultures. New York: Basic Books.

Govender, R. G. (2016). Exploring pre-service teachers' views on the use of technology based
teaching Methods for teaching geometry (Unpublished Masters thesis). University of
KwaZulu-Natal, Edgewood.

Guba, E.G., & Lincoln, Y.S. (1985). Completing paradigms in qualitative research. In: Denzin,
N.K., & Lincoln, Y.S. (Eds), Handbook of qualitative research. Thousand Oaks, CA:
SAGE, pp. 105-117.

Hakkinen, H., & Korpela, M. (2006). 4 participatory assessment of IS integration
needs in maternity clinics using activity theory, International Journal of
Medical Informatics.

Hashim, N. H, & Jones, M. (2014). Activity theory: A framework for qualitative analysis.
University of Wollongong Research online. 1-21.

Hegarty, M., & Kozhevnikov, M. (1999). Types of visual-spatial representations and
mathematical problem solving. Journal of Educational Psychology, 91, 684—689.
doi:http://dx.doi.org/10.1037/0022-0663.91.4.68

Ho, S. Y. (2010). Seeing the value of visualization. National Institute of Education (Singapore).
SingTeach, 22, 1-4.

Ho, S. Y. (2009). Visualization in primary school mathematics: Its roles and processes in
mathematical problem solving. Unpublished doctoral dissertation, National Institute of
Education, Nanyang Technological University, Singapore.

Hoogland, K., Pepin, B., Bakker, A., De Koning, J. & Gravemeijer, K. (2016). Representing
contextual Mathematical problems in descriptive or depictive form: Design of an
instrument and validation of Its uses. Studies in Educational Evaluation, 50, 22-32.

Horgan, J. (1993). The death of proof. Scientific American October Issue, 92—103.

Huang, CH. (2015). Mathematical Problem Solving and Use of Intuition and Visualization by
Engineering Students. American Journal of Educational Research, 3(12), 1484-1488.

Hunt, J. H., & Vasquez, E. (2014). Effects of ratio strategies intervention on knowledge of

ratio equivalence for students with learning disability. The Journal of Special Education,
48, 180-190. doi:10.1177/0022466912474102.

118



Jacobse, A.E., & Harskamp, E.G. (2012). Towards efficient measurement of metacognition in
Mathematical problem solving. Metacognition Learning. 2012;7:133-149.

Jiminez, L., & Verschaftel, L. (2014). Development of children's solutions of non-standard

arithmetic word problem solving. Revista de Psicodidactica, 2014, 19, 93-123.
doi:10.1387/RevPsicodidact.7865.

Johnson, B., & Christensen, L. (2008). Educational research: Quantitative, qualitative and
mixed approaches (3rd ed.). Thousand Oaks, CA: Sage.

Jonassen, D. H., & Rohrer-Murphy, L. (1999). Activity theory as a framework for designing
constructivist learning environments. Educational Technology Research and
Development, 47(1), 61 - 79.

Kadunz, G., & Yerushalmy, M. (2015). Visualization in the Teaching and Learning of
Mathematics. The Proceedings of the 12" International Congress on Mathematics
Education, p. 463-467. DOI 10.1007/978-3-12688-3 41.

Kaplan, A. (1973) The Conduct of Inquiry. Aylesbury: Intertext Books.

Kashefi, H., Alias, A.N., Kahar, M.F., Buhari, O. & Zakaria, S. (2015). Visualization in
Mathematics Problem Solving Meta-Analysis Research. E-Proceeding of the International
Conference on Social Science Research, 803-812.

Kaswa, J. M. (2015). The effect of visual learning aids on students' academic performance in
public secondary schools: Open university of Tanzania.

Krawec, J. L. (2010). Problem representation and mathematical problem solving of students
with varying abilities (doctoral dissertation, University of Miami). Miami.

Krawec, J. L. (2012). Problem representation and mathematical problem solving of students
of varying math ability. Journal of Learning Disabilities, XX, 1-13.
doi:10.1177/0022219412436976.

Kuutti, K. (1996). Activity Theory as a Potential Framework for Human-Computer Interaction
Research. Context and Consciousness: (pp. 17-44). Cambridge, MA: MIT Press.

Kurtulus, A. (2019). Spatial Visualization training using computer-aided cross sections of
surfaces. European Journal of Education studies, 6 (4) 180-196.

Landorf, H. (2006). What's going on in this picture? Visual Thinking Strategies and adult
learning. New Horizons in Adult Education & Human Resource Development, 20(4), 28—
32. doi:10.1002/nha3.10267.

Leontiev, A. N. (1978). Activity. Consciousness, and Personality.

Liaw, S.S., Huang, H.M., & Chen, G.D. (2007). An activity-theoretical approach to
investigate learners' factors toward e-learning systems. Computers in Human
Behaviour, 23, 1906-1920.

Liljedahl, P., Santos-Trigo, M., Malaspina, U. & Bruder, R. (2016). Problem Solving in
Mathematics Education, ICME-13 Topical Surveys, 1-38. DOI 10.1007/978-3-319-40730-

119



2 1

Lincoln, Y. S., & Guba, E. G. (1985). Naturalistic inquiry. Thousand Oaks, CA: Sage.

Lowrie, T., Logan, T., Harris, D., & Hegarty, M. (2018). The impact of an intervention program
on students' spatial reasoning: student engagement through mathematics enhanced
learning activities. Cognitive Research: Principles and Implications, 1-10.

Macharia, S. N., & Wario, L. H. (1989). Teaching Practice in Primary School. Macmillan
Education LTD, London and Oxford.

Marita, S., & Hord, C. (2017). Review of Mathematics for Secondary Students with Learning
Disabilities. Learning Disability Quarterly, 40(1) 29-40.

Matheson, I & Hutchinson, N. (2014). Visual Representation in Mathematics.
https://www.Idatschool.ca>visual-repres. Accessed on the 18" May, 2018.

Miles , M.B., & Huberman, A.M. (1994). Qualitative data analysis: an expanded sourcebook.
2" edition. Thousand Oaks, CA: SAGE.

Moeller, M., Cutler, K., Fiedler, D., & Weier, L. (2013). Visual Thinking Strategies = creative
and critical thinking. Phi Delta Kappan, 95(3), 56—60. doi:10.1177/003172171309500312

Muchoko, C., Jupri, A. & Prabawanto, S. (2019). Algebraic visualization difficulties of students
in junior High school. Departemen Pendidikan Matematika, Universitas Pendidikan
Indonesia, Journal of Physics, p. 1-7. doi:10.1088/17426596/1157/3/032108.

Mudaly, V. (2014). A Visualization-based Semiotic Analysis of Learners' Conceptual
understanding of Graphical functional relationships. African Journal In Mathematics,
Science and Technology, 18(1), 3-13 co-published by Unisa Press and Routledge, Taylor
& Francis Group.

Mudaly, V., & Rampersad, R. (2010). The role of visualization in learners' conceptual
understanding of graphical functional relationships. African Journal of Research in MST
Education, 14 (1) 36-48.

Mudaly, V. (2010a). Can diagrams helps in solving problems? Paper presented at the
AMESA Conference, Durban, KZN.

Naidoo, J. (2011). Exploring Master Teachers' Use of Visuals as tools in Mathematics
Classroom. PhD thesis, faculty of Education, University of KwaZulu-Natal.

Naidoo, J. (2012). Teacher reflection: The use of visual tools in mathematics classrooms.
Pythagoras, 33(1), Art. #54, 9 pages. http://dx.doi.org/10.4102/ pythagoras.v3311.54

Nardi, B. A. (1996). Studying context: a comparison of activity theory, situated action models
and distributed cognition, Context and Consciousness: activity theory and human-
computer interaction (pp. 69-102). Cambridge: MIT Press.

Orrill, C. H., Sexton, S., Lee, S.-J., & Gerde, C. (2008). Mathematics teachers' abilities to use
and make sense of drawn representations. In The International Conference of the Learning

120



Sciences 2008. Proceedings of ICLS 2008. Mahwah, NJ: International Society of the
Learning Sciences.

Otrel-Cass, K., Andreasen, K. E., & Bang, L. (2016). The standard child: National Testing
Made Complex through the Lens of Cultural-Historical Activity Theory in Education.

Pohio, K. (2016). Activity Theory Tools. In: Gedera D.S.P., Williams P.J (eds) Activity Theory
In Education. Sense Publishers, Rotterdam.

Polit, D. & Beck, C. (2014). Essentials of nursing research. Philadelphia: Wolters Kluwer;
Lippincott Williams & Wilkins.

Pontis, S. (2015). Visual reasoning through information design.
sheilapontis.com/2015/11/05/visual-reasoning... accessed on the 13" May, 2020.

Presmeg, N. C. (2016). Research on visualization in learning and teaching mathematics.
Illinois State University, 1-42.

Presmeg, N. (2014). Contemplating visualization as an epistemological learning tool in
Mathematics. Illinois State University, Normal, IL, USA. p152.

Presmeg, N. C. (2000). Research on visualization in learning and teaching mathematics:
Emergence from psychology. In A. Gutierrez, P. Borero (Eds.) Handbook of Research on
Psychology of Mathematics Education: Past, Present and Future. (pp. 205-235). Dordrecht:
Sense Publishers.

Presmeg, N. C. (1985). The role of visually mediated processes in high school mathematics: A
classroom investigation. Unpublished Ph.D. dissertation, Cambridge University, England.

Presmeg, N. C. (1986a). Visualization and mathematical giftedness. Educational Studies in
Mathematics, 17,297-311.

Presmeg, N. C. (1997b). Generalization using imagery in mathematics. In L. D. English (Ed.),
Mathematical reasoning: Analogies, metaphors and images (pp. 299-312). Mahwah, NJ:
Erlbaum.

Reeves, T.C. & Hedberg, J.C (2003), Interactive Learning Systems Evaluation, Educational
Technology Publications, Englewood Cliffs, New Jersey.

Rule, P., & John, V. (2011). Your guide to case study research. Pretoria: Van Schaik.

Rusell, D. Problem solving in Mathematics. https://www.thoughtco.com/problem-solving-
in- mathematics-2311775. Accessed on 29" April, 2018.

Sannino, A., Engestrom, Y., & Lermos, M. (2016). Formative interventions for expansive
learning and transformative agency. Journal of the Learning Sciences (in press).

Sepeng, P. & Kunene, N. (2015). Strategies used by Grade 6 learners when solving
Mathematics story problems. Journal of Educational Studies, 14 (1), 101-124.

121


https://www.thoughtco.com/problem-solving-%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20in-
https://www.thoughtco.com/problem-solving-%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20in-
https://www.thoughtco.com/problem-solving-in-%20%20%20%0d%20%20%20%20%20%20%20mathematics-2311775

Sepeng, P. (2014). Learners' Voices on the Issues of Language Use in Learning Mathematics.
Int J Edu Sci, 6(2): 207-215.

Sepeng, P. (2013). Issues of language and Mathematics: contexts and sense-making in word
problem-solving. Mediterranean Journal of Social Sciences, 4(13), 51-61.

Sepeng, P., & Webb, P. (2012). Exploring mathematical discussion in word problem-solving
Pythagoras. 33 (1), 1-8.

Small, M. (2012). Visual reasoning K-12. Ontario Mathematics Gazette, 51(1), 21-24.

Song, B., & Kim, T.Y. (2016). Teacher (de) motivation from an Activity Theory perspective:
Cases of two experienced EFL teachers in South Korea. System, 57, 134-145.

Stanford Encyclopaedia of Philosophy, (2015). The Epistemology of Visual Thinking in
Mathematics. The Metaphysics Research Lab, Center for Study of Language and
Information (CSLI), Stanford University.

Swanson, H. L., Lussier, C. M., & Orosco, M. J. (2013). Cognitive strategies, working memory,
and growth in word problem solving in children with math difficulties. Journal of Learning
Disabilities, XX, 1-20. doi: 10.1177/0022219413498771.

Tanton, J. S (2016). The power of Mathematical Visualization. Mathematical Association of
America. Published by The Great courses Corporate Headquaters, 1-282.

Turner, F. (2008). Beginning elementary teachers' use of representations in mathematics
teaching, Research in Mathematics Education, 10,209-210. doi:
10.1080/14794800802233795.

Uden, L. (2007). Activity theory for designing mobile learning. International Journal of
Mobile Learning and Organisation, 1(1), 81 - 102.

Van Garderen, D. (2006). Spatial visualization, visual imagery, and mathematical problem
solving of students with varying abilities. Journal of Learning Disabilities, 39, 496-506.
doi: http://dx.doi.org/10.1177/00222194060390060201

Van Dijk, [. M. A. W., Van Oers, H. J. M., & Terwel, J. (2003). Providing or designing?
Constructing models in primary math education. Learning and Instruction, 13, 53-72.doi:
http://dx.doi.org/10.1016/S0959-4752(01)00037-8

Van Dijk, I. M. A. W., Van Oers, B., Terwel, J., & Van den Eeden, P. (2003a). Strategic
learning in primary mathematics education. Effects of an experimental program in

modeling. Educational Research and Evaluation, 9, 161-187. doi:
http://dx.doi.org/10.1076/edre.9.2.161.14213.

Van Garderen, D., & Montague, M. (2003). Visual—spatial representation, mathematical
problem solving, and students of varying abilities. Learning Disabilities Research &

122


http://dx.doi.org/10.1177/00222194060390060201
http://dx.doi.org/10.1076/edre.9.2.161.14213

Practice, /8, 246-254. doi: http://dx.doi.org/10.1111/1540-5826.00079.

Vygotsky, L. S. (1978). Mind and society: The development of higher mental processes.
Cambridge, MA: Harvard University Press.

Walsham, G. (1993). Interpreting Information Systems in Organizations, Wiley, Chichester.
What Is Visual Thinking? www.webspirationpro.com. Accessed on the 16™ May, 2018.

Winter, G. (2000). 4 comparative discussion of the notion of "validity" in qualitative and
quantitative research. The Qualitative Report, 4(3 & 4).

Yenawine, P., & Miller, A. (2014). Visual thinking, images, and learning in college. About
Campus, 19(4), 2-8. doi:10.1002/ abc.21162.

Yenilmez, K., & Kakmaci, O. (2015). Investigation of the Relationship between the Spatial
Visualization Success and Visual/Spatial Intelligence Capabilities of Sixth Grade Students.
International Journal of instruction, Vol(8), No.1, 189-204.

Yilmaz, R., Argun, Z., & Keskin, M. (2009). What is the role of visualization in Generalization
processes: The case of Preservice Secondary mathematics Teachers, Humanity & Social
Sci. J, 4(2), 130-137.

Zhang, D., Ding, Y., Stegall, J., & Mo, L. (2012). The effect of visual-chunking-representation
accommodation on geometry testing for students with math disabilities. Learning

Disabilities Research & Practice, 27, 167-177.

Zimmermann, W., & Cunningham, S. (1991). Visualization in teaching and learning
mathematics. Washington, DC: Mathematical Association of America.

123


http://dx.doi.org/10.1111/1540-5826.00079
http://www.webspirationpro.com/

APPENDIX

124



Appendix A

A v URIVERSITT OF
a EWAZULU-MATAL

l";"h INTES]
TAKWATULU-MATAL!

0 Movember 2019

brs Mercy Onozere Bakara (20530659)
School Of Education
Edgewood Campus

Dear Mrs Bakare,

Protocol reference number: HSSRECAO000417/2019
Project tithe: An esploration of & visualizalion infervanition in a grade ¥ mathematics classroam in iha
Pinatown district

Full Approval - Expedited Application

This lefter serves to notify you that your apalication received on 02 September 3019 in connection with the
ahinve, was reviewed by the Humanities and Sedial Sciences Research Ethics Commilles [HSSREC] and the
protocod has been granted FULL APPROVAL

Any alteration/s to the approved research protocol Le, Questionnadre/interview Schedule, Informed Comsert
Fore, Tithe of the Project, Lacation of the Study, Research Apprasch and Methods must be resewed and
approved through the amendment/madification prior to its implementation. In case you hawe furthar gueries,
please quote the above reference number. PLEASE NOTE: Research data should be securely stored in the
discipline/department for a period of 5 years.

Thiis spprowal is valld dor ene wear from 04 Nevember 2013,

T enswne uninterrupted approsal of this study beyond the approwal mapiny date, a progress repart must be
subimitted 1o the Research Office on the apprapriate farm 2 - 3 months befone the expiry date, A close-out
repot to be suhmitted when stidy is frished,

fours sincerely,

Professor Urmilka Bob
University Dean of Research

T e e s e

Jfdd

Hurasillia & Sccial Solences Ressarch Bthics Commimes
Or Ropamary Sibands |Ghair)
UHIH Rasairch Estics Office Viesteiln Campos, Govan Miski Buldisg
Perital Adiregs: Privaie Sag X54001, Durban 8300
Wbl b yeanh. o acca Mmssgroh-E s’

Fasedieg Compunes e kgt = Howord Cobege Madcniicate  m Melwmotthep om0 Meskds

INSPIRING GREATMESS

125



Appendix B

Aw UNIVERSITY OF
== KWAZULU-NATAL
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YAKWAZULU-NATALI

Informed Consent Letter to School Principal

Dear Principal

Re: Permission to conduct a research study in your school

I am writing to request your permission to conduct a research study in your school. This
research study is entitled: An exploration of a Visualization intervention in a grade 7

mathematics classroom.

Title

My name is Onozare Mercy Bakare and I am currently studying towards a Master’s Degree at
the University Of KwaZulu-Natal (UKZN). As part of the requirements of this degree, I am
required to complete a research thesis. This study focuses on exploring how learners use
visualization in solving of mathematical word problems, and how effective a visualization

intervention will be.

I require the participation of two classes of grade 7 learners, 68 in total both boys and girls
between the ages of 12 -14 to participate in this research. I would be very grateful if you would

consent to these learners participating in this study. They will be selected from your school.
If you agree to this, they will be invited to complete task sheets in the classroom, as well as an

in-depth individual interview, this interview will be carried out with 12 learners who will be

selected by me.
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All discussions, interviews and dialogues with participants will be audio-recorded using a
dictaphone, and thereafter transcribed verbatim to produce transcriptions. This research
information (data) is required for the analysis of data and completion of the actual write up of
the thesis. Collecting research information for this study will take approximately a month. All
focus group discussions, in depth individual interviews and group and individual activities will
take place on the school premises that is, the classroom with your permission. Times and dates
will be discussed and arranged with you and the participants at a later stage. I will try to ensure
that this takes place during their lunch breaks and free periods, in an attempt to avoid any
disruptions during lessons. Participants will also be encouraged to eat their lunch during
discussions, interviews and activities, as well as make use of the school toilet should the need
arise. I will not deprive them of these opportunities, especially since I intend to use some of

their free time in order to collect sufficient data for my study.

Data generation activities will also take place in the classroom with your consent. If [ am unable
to collect my data during school hours, I will make arrangements with your consent and that of
my participants’ parents/guardians, to perhaps do this after school hours, on days when school
closes early or during weekends. I will also provide transport for some of my participants to

return home, should the need arise.

Please note:

* Times and dates of this data generation process will be at your sole discretion. I have merely
presented you with an outline of what I intend to do, however you are free to make any changes
and suggestions, if necessary.

* Participation is completely voluntary and participants have the right to withdraw from this
study at any time. They will not be penalized if they choose to do so.

* Confidentiality and anonymity will be maintained at all times. The identity of your school
and all participants will not be revealed at any time, as pseudonyms (different names) will be
used to protect everyone’s right to privacy.

* Any information provided by the participants will not be used against them, or against the
school, and will be used for purposes of this research only.

* Participation in this study will not result in any cost to your school or the participants.
*Neither the participants nor your school will receive financial remuneration. However costs

incurred by participants as a result of their involvement in this project will be covered.
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* This study does not intend to harm the participants in any way.
* Both parents/guardians as well as participants will be handed letters of consent which they

will have to carefully read and sign, before I begin data collection.

I may be contacted at:
Email address: bbf2ng@gmail.com
Tel: 0847762620

My supervisor’s contact details are: Prof. V. Mudaly
Email address: Mudalyv(@ukzn.ac.za
Tel: 031 2607326

You may also contact the Research Office through:
Mariette Snyman

HSSREC Research Office,

Tel: 031 260 8350 E-mail: snymanm@ukzn.ac.za

If you would like any further information or if you are unclear about anything, please feel free
to contact me at any time. Your co-operation and consent will be greatly appreciated.
If you grant permission to conduct this research at your school, please complete the form below

and return to me.

Warm regards,

}@E—ﬁ]—\x@‘ﬁ s

Mercy Bakare
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DECLARATION

(full name/s of school principal)
Of (name of school) hereby confirm that I
understand the contents of this document and the nature of this research project, and I consent
to the learners participating in this research project. I also grant permission for my school to
be used as the research site.
Additional consent
I understand that interviews will be audio-recorded and I grant permission for this.

YES/NO
I understand that the learners and the school are free to withdraw from the research project at
any time

YES/NO

SIGNATURE OF SCHOOL PRINCIPAL DATE
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Appendix C

UKZN HUMANITIES AND SOCIAL SCIENCES RESEARCH ETHICS
COMMITTEE (HSSREC)

For research with human participants

INFORMED CONSENT RESOURCE TEMPLATE

Information Sheet and Consent to Participate in Research (children assent form)

Date: November, 2019
Dear learner,

My name is Mercy O. Bakare a Masters of Education student (Mathematics
Education) of Prof. V. Mudaly from the School of Humanities, faculty of Education
at the University of KwaZulu-Natal.

I may be contacted at: Email address: bbf2ng@gmail.com or
209530659@ukzn.stu.ac.za

Tel: 0847762620

My supervisor’s contact details are: Prof. V. Mudaly
Email address: Mudalyv@ukzn.ac.za
Tel: 031 2607326

You may also contact the Research Office through:
Mariette Snyman

HSSREC Research Office,

Tel: 031 260 8350 E-mail: snymanm®ukzn.ac.za

You are invited to consider being involved in a study that involves research.
This research study is entitled: An exploration of a Visualization intervention in a

grade 7 mathematics classroom.

This study focuses on finding out how learners use visualization (that is: diagrams,
pictures, highlighter, drawings etc.) to solve maths word problems, and how
effective a visualization intervention will be. The intervention process will involve
teaching learners how they can use visuals (that is diagrams, pictures, highlighter,

drawings etc.) to solve problems in mathematics. This will only be taught to the
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learners once they have completed the task sheet, it is a way of equipping learners
with some mathematics skills.

| require the participation of two classes of grade 7 learners, 68 in total both boys
and girls between the ages of 12 -14. To participate, you are required to solve some
problems in mathematics and the aim is to see how learners use visualization when

they solve problems in mathematics.

| would be very grateful if you would agree to participate in this study.

If you agree to this, you will be invited to complete task sheets in the classroom, as
well as an individual interview, this interview will be carried out with 12 learners
who will be selected by me.

All discussions and interviews with participants will be audio-recorded using a
dictaphone/recorder, and thereafter written down word for word. The interview
questions will be based on how you completed the task sheet and the problems you
experienced in the process. This research information (data) is required for the
analysis of data and completion of the actual write up of the thesis. Collecting
research information for this study may take approximately a month. All classroom
teaching/intervention, individual interview and completing of task sheet will take
place on the school premises that is, the classroom once you have agreed. | will try
to ensure that this takes place during your lunch breaks and free periods, in an
attempt to avoid any disruptions during lessons. You will also be encouraged to eat
your lunch during discussions, interviews and activities, as well as make use of the
school toilet should the need arise. | will not deny you of these opportunities,
especially since | intend to use some of your free time in order to collect enough
information for my study. The study will provide no direct benefits to you as a
participant, but you, through the intervention process will be equipped with some
visualization skills.

This study has been ethically reviewed and approved by the UKZN Humanities and
Social Sciences Research Ethics Committee (approval number
HSSREC/00000417/2019).

In the event of any problems or concerns/questions you may contact the researcher
at:

Pinetown Senior Primary School

Email address: bbf2ng@gmail.com

Tel: 0847762620
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or the UKZN Humanities & Social Sciences Research Ethics Committee, contact
details as follows:
HUMANITIES & SOCIAL SCIENCES RESEARCH ETHICS ADMINISTRATION

Research Office, Westville Campus

Govan Mbeki Building

Private Bag X 54001

Durban

4000

KwaZulu-Natal, SOUTH AFRICA

Tel: 27 31 2604557- Fax: 27 31 2604609
Email: HSSREC®@ukzn.ac.za

* Participation is completely voluntary and you have the right to withdraw from this
study at any time. You will not be penalized/punished if you choose to do so.

* Confidentiality and anonymity will be maintained at all times. The identity of your
school and all that partake will not be revealed at any time, as pseudonyms
(different names) will be used to protect everyone’s right to privacy.

* Any information you provide will not be used against you, or against the school,
and will be used for purposes of this research only.

* Participation in this study will not result in any cost.

*Neither you nor your school will receive financial payment. No cost is intended to
be incurred as a result of your involvement in this project.

* This study does not intend to harm you in any way.

* Letter of consent will be handed to you which you will have to carefully read and
sign, before | begin data collection.

The research data will kept for a minimum of 5 years by my supervisor and |, in a
safe cupboard. Disposal of data will be determined by my supervisor and will be

done accordingly.
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CONSENT (children assent form)

DY e s ae s e s e e e aesae e ssaesaans (provide name of
researcher/fieldworker).

| understand the purpose and procedures of the study as explained.

| have been given an opportunity to answer questions about the study and have had
answers to my satisfaction.

| declare that my participation in this study is entirely voluntary and that | may
withdraw at any time.

If I have any further questions/concerns or queries related to the study | understand
that | may contact the researcher at:

Pinetown Senior Primary School

Email address: bbf2ng@gmail.com

Tel: 0847762620

If I have any questions or concerns about my rights as | participate in this study, or
if | am concerned about an aspect of the study or the researchers then | may contact:

HUMANITIES & SOCIAL SCIENCES RESEARCH ETHICS ADMINISTRATION
Research Office, Westville Campus

Govan Mbeki Building

Private Bag X 54001

Durban

4000

KwaZulu-Natal, SOUTH AFRICA

Tel: 27 31 2604557 - Fax: 27 31 2604609

Email: HSSREC®@ukzn.ac.za

Additional consent, where applicable
| hereby provide consent to:

Audio-record my interview YES / NO

Signature of Participant Date
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Signature of Witness Date
(Where applicable)

Signature of Translator Date
(Where applicable)
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UKZN HUMANITIES AND SOCIAL SCIENCES RESEARCH ETHICS
COMMITTEE (HSSREC)

For research with human participants

INFORMED CONSENT RESOURCE TEMPLATE

Information Sheet and Consent to Participate in Research (parental consent
form)

Date: November, 2019
Greeting: Dear Parent/guardian,

My name is Mercy O. Bakare a Masters of Education student (Mathematics
Education) of Prof. V. Mudaly from the School of Humanities, faculty of Education
at the University of KwaZulu-Natal.

| may be contacted at: Email address: bbf2ng@gmail.com or
209530659@ukzn.stu.ac.za

Tel: 0847762620

My supervisor’s contact details are: Prof. V. Mudaly
Email address: Mudalyv@ukzn.ac.za
Tel: 031 2607326

You may also contact the Research Office through:
Mariette Snyman

HSSREC Research Office,

Tel: 031 260 8350 E-mail: snymanm®ukzn.ac.za

Your child/ward is being invited to consider participating in a study that involves
research.
This research study is entitled: An exploration of a Visualization intervention in a

grade 7 mathematics classroom.

This study focuses on finding out how learners use visualization (that is: diagrams,
pictures, highlighter, drawings) to solve mathematical word problems, and how
effective a visualization intervention will be. The intervention process will involve

teaching learners how they can use visuals to solve problems in mathematics. This
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will only be taught to the learners once they have completed the task sheet, it is a
way of equipping learners with some mathematics skill.

| require the participation of two classes of grade 7 learners, 68 in total both boys
and girls between the ages of 12 -14. In participating, they are required to solve
some problems in mathematics and the aim is to see how learners use visualization
when they solve problems in mathematics.

I would be very grateful if you would consent to your child/ward participating in this
study.

If you agree to this, they will be invited to complete task sheets in the classroom,
as well as an in-depth individual interview, this interview will be carried out with 12
learners who will be selected by me.

All discussions and interviews with participants will be audio-recorded using a
dictaphone, and thereafter transcribed word for word to produce transcriptions. The
interview questions will be based on how they completed their task sheet and the
problems they encountered in the process. This research information (data) is
required for the analysis of data and completion of the actual write up of the thesis.
Collecting research information for this study may take approximately a month. All
classroom teaching/intervention, in-depth individual interview and completing of
task sheet will take place on the school premises that is, the classroom with your
permission. | will try to ensure that this takes place during their lunch breaks and
free periods, in an attempt to avoid any disruptions during lessons. Participants will
also be encouraged to eat their lunch during discussions, interviews and activities,
as well as make use of the school toilet should the need arise. | will not deprive
them of these opportunities, especially since | intend to use some of their free time
in order to collect sufficient information for my study. The study will provide no
direct benefits to participants, but they, through the intervention process will be

equipped with some visualization skKills.

This study has been ethically reviewed and approved by the UKZN Humanities and
Social Sciences Research Ethics Committee (approval number
HSSREC/00000417/2019).

In the event of any problems or concerns/questions you may contact the researcher

at:
Pinetown Senior Primary School
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Email address: bbf2ng@gmail.com
Tel: 0847762620

or the UKZN Humanities & Social Sciences Research Ethics Committee, contact
details as follows:
HUMANITIES & SOCIAL SCIENCES RESEARCH ETHICS ADMINISTRATION

Research Office, Westville Campus

Govan Mbeki Building

Private Bag X 54001

Durban

4000

KwaZulu-Natal, SOUTH AFRICA

Tel: 27 31 2604557- Fax: 27 31 2604609
Email: HSSREC®@ukzn.ac.za

* Participation is completely voluntary and participants have the right to withdraw
from this study at any time. They will not be penalized if they choose to do so.

* Confidentiality and anonymity will be maintained at all times. The identity of your
school and all participants will not be revealed at any time, as pseudonyms (different
names) will be used to protect everyone’s right to privacy.

* Any information provided by the participants will not be used against them, or
against the school, and will be used for purposes of this research only.

* Participation in this study will not result in any cost to your school or the
participants.

*Neither the participants nor your school will receive financial remuneration. No
cost is intended to be incurred by participants as a result of their involvement in
this project.

* This study does not intend to harm the participants in any way.

* Both parents/guardians as well as participants will be handed letters of consent
which they will have to carefully read and sign, before | begin data collection.

The research data will kept for a minimum of 5 years by my supervisor and |, in a
safe cupboard. Disposal of data will be determined by my supervisor and will be

done accordingly.
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CONSENT

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

(provide detailsS) DY oottt e s s e se s e e e seesesassaesnesnenes (provide name
of researcher/fieldworker).

| understand the purpose and procedures of the study as explained.

| allow my child/ward to be given an opportunity to answer questions about the
study and answer to his/her own satisfaction.

| am aware that his/her participation in this study is entirely voluntary and that my
child/ward may withdraw at any time.

If I have any further questions/concerns or queries related to the study | understand
that | may contact the researcher at:

Pinetown Senior Primary School

Email address: bbf2ng@gmail.com

Tel: 0847762620

If there are questions or concerns about your child/wards right to participate, or if
concerned about an aspect of the study or the researchers then | may contact:

HUMANITIES & SOCIAL SCIENCES RESEARCH ETHICS ADMINISTRATION
Research Office, Westville Campus

Govan Mbeki Building

Private Bag X 54001

Durban

4000

KwaZulu-Natal, SOUTH AFRICA

Tel: 27 31 2604557 - Fax: 27 31 2604609

Email: HSSREC@ukzn.ac.za

Additional consent, where applicable (for the learner)

| hereby provide consent to:

Audio-record my interview YES / NO
Signature of Participant Date
Signature of Witness Date
(Where applicable)
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Signature of Translator Date
(Where applicable)
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Appendix D

Initial task sheet

1. Sithe shares his two sandwiches between himself and two friends. Calculate the fraction of
the sandwich that Sithe will get.
2. A box of 12 eggs (a dozen) is divided between four people. What fraction of the 12 eggs will

each person get? How many eggs will this be?

e : 1 - 1
3. A bottle of juice is divided between 3 friends. Jason gets 3 of the juice, Joseph gets ZOf

the juice bottle and Siswe gets % By comparing the fractions, calculate who will get the most

juice.
4. Linda spent 3/4 of her savings on furniture and the rest on a TV. If the TV cost her $200,

what were her original savings?

4
5. While taking part in a bicycle race, Michael only manages to cycle 3 of the way. His father

manages to complete % of the race. Who rode the farthest?

6. There are twenty cookies in a bag. If I ate one-half of them, and you eat one-half of those,
how many would you eat?

7. Lee earns R200 an hour. Calculate how many hours he must work to earn R1 200.
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Appendix E

Pre-intervention interview questions (after initial task sheet)

1. When solving word problems in mathematics, what methods do you like to use?
. Does your method usually work?

. Is it like the way your teacher has taught you?

2
3
4. Do you like to draw, highlight or see something different when writing the solution?
5

. Do you think a diagram or a drawing will make solving your problem easier?
Why?
6. How often do you use diagrams or drawing to solve problems?
7. Do you think using diagrams or drawings when solving word problems takes a lot of time?

Why?

Post intervention interview questions

1. How often do you use visualization in solving mathematical word problems?

2. What was different in the approach you used? Do you think you did it differently?

3. Do you think visualization strategies makes it easy to solve word problems in mathematics?
4. How well do you understand visualization strategies now?

5. Do you think if you use visualization strategies more often, you will get better at it?

6. Do you like solving word problems in mathematics?

7. Do you think visualization has helped you understand word problems in mathematics better?
8. You have used diagrams/pictures, underlined and highlighted here, can you explain why?
9. Previously you were solving questions like this, how do you find them?

10. I taught you some strategies, how did the intervention help?
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