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Abstract

An investigation of strategies used by grade 4 learners to solve measurement

type word problems

The aim of this study was to investigate and highlight the problem-solving strategies used by
grade 4 learners when solving measurement word problems. Furthermore, it aimed at revealing
how learners go about using these strategies to arrive at meaningful solutions. The findings of
this study would strengthen the argument that our current curriculum needs to place greater
emphasis on problem solving. It would also enhance the claim that learners need to be exposed
to a greater variety of problem-solving strategies to allow them to select the most suitable
strategies when solving word problems. The study used a case study research design and a
mixed methods approach was adopted. The sample of the study was a class of 42 grade 4
learners at a primary school in Cape Town. The instruments of the study were an observation
protocol, measurement word problem activities and focus group interviews. The results
revealed that the following singular strategies were used by the grade 4 learners: addition,
multiplication, making a drawing, grouping, division, subtraction, logical reasoning, guessing,

and making a table.

The two most frequently used problem-solving strategies were arithmetic calculations and
making drawings. The study also revealed the use of various combination strategies by many
learners, such as arithmetic strategies being used in combination with making drawings.
Another finding was that, although many learners used the same strategies, the manners in
which they carried out those strategies were very different. Drawings ranged from circles, to
sticks, to reconstructing a given drawing in a more simplified form. There was also a range
of different methods in which arithmetic calculations were carried out, with many learners
using multiple operations in their solutions. The study also found that the stage of problem
solving as mentioned by Polya (1957) which learners had most difficulty with was carrying
out the plan. Learners often made errors in arithmetic calculations which resulted in incorrect

anNSWErSs.
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CHAPTER 1: INTRODUCTION AND BACKGROUND

1.1. Introduction

The state of education in South Africa has deteriorated rapidly in recent years and change is
desperately required (Mouton, Louw & Strydom, 2013). Tsanwani, Harding, Engelbrecht, and
Maree (2014) concur by adding that South Africa ranks amongst the lowest countries in the
world when it comes to learner performance in Mathematics. This was evident in 2011 when
South Africa participated in the Trends in Mathematics and Science Study (TIMMS), which
consisted of 21 middle-income countries. When the results were released, South Africa had the
lowest performance of all the 21 participating countries. Msimango and Luneta (2015) add that
South African primary school learners were the worst performing in mathematics and sciences
during TIMMS 2011.

In 2006 South Africa participated in the Progress in International Reading Literacy Study
(PIRLS). This study assessed learners’ reading ability as well as their attitudes towards reading.
Reading and word problems have a close relationship in that a learner must be able to read a
problem with comprehension to understand what the problem requires of them. Even though
the South African learners who participated were grade 5 and the learners from the other
countries were all grade 4, South Africa yielded the worst results out of all 38 countries
involved in PIRLS 2006 (Pooran, 2011). These results reflect that South African learners’
reading abilities are well below standard in comparison to other countries, despite the South
African learners being a grade higher in the study. This indicates the magnitude of work that
needs to be done to improve the reading abilities of South African learners.

The researcher suggests that many learners who underperform in school can do Mathematics.
The issue, however, is that they are almost forced to solve problems using the methods in the
textbook and taught by the teacher. Many learners have different methods and strategies which
they can use to solve Mathematical problems, but there is no provision made within the
classroom environment to allow them to use methods which are not taught in class. Thus, if
learners are allowed to explore problems and using the methods which come naturally to each
one of them individually, they may have greater success in solving the problems. This could
change the way Mathematics is taught and learnt at school; hence the researcher proposes that
problem solving becomes a more integral and important aspect within the teaching and learning
of Mathematics.



By allowing learners to select from a variety of strategies, problem solving aids learners in
preparing them for solving real-world problems. This characteristic of problem-solving forms
an important partnership with one of the chief aims of Mathematics within the currently
curriculum, showing learners how Mathematics is related to everyday life and basing problems
on real-world experiences to equip them with the necessary mental skills to tackle out-of-school
problems. Hence, problem solving teaches learners that just as there are many different
strategies which can be used to solve one problem in Mathematics, there are also many different
paths to take to solve daily life problems. Swanson, Jerman and Zheng (2008) agree and add
that word problems provide the platform on which learners can use the formal knowledge they
have acquired and apply it to real-world scenarios. This is echoed by Peranginangin and Surya
(2017) who mention that by being able to do Mathematics, children will also be able to solve

real life problems.

The topic of measurement is one which is very closely related to the everyday lives of learners.
Units of measurement are also found in problems across different content areas within the
curriculum. Lubin, Houde and de Neys (2015) add that throughout the curriculum, learners are
required to solve arithmetic word problems. This makes it an important skill which learners are

required to master.

The researcher adds that measurement involves not only addition and subtraction, but also
multiplication and division. It requires learners to be able to comprehend the relationships
between different operations, as well as between different units of measurement. Measurement
also involves being able to identify certain rules or ratios for converting between units of

measurement. For example, there are 10mm in 1cm, 100cm in 1m, and 1000m in 1km.

1.2. Mathematical problem

Historically, there has been a long-standing clash regarding the definition of a mathematical
problem (Xenofontos, 2014). One belief is that a mathematical problem is a routine exercise
which is used to for the revision or consolidation of new mathematical techniques. On the
contrary, other scholars believe that a mathematical problem is a non-routine exercise due to
its complex nature (Xenofontos, 2014). A mathematical problem poses an objective in which
the solution is not obvious. This study will respect both definitions as mathematical problems

can be both routine as well as non-routine.

Tambychik and Meera (2010) report that problem solving is made up of two key aspects.

Firstly, using the information in the problem and forming mathematical sentences from it.



Secondly, understanding which steps and operations are required to solve the problem and then

executing these steps to attain the solution.

George Polya is regarded as the father of mathematical problem solving. Polya (1957) saw the
concept of problem solving as an art which could be both taught and learned given the correct
guidelines. He went further by outlining four steps that any problem solver should follow.
Firstly, the problem solver should understand the problem and be aware of what the problem
requires the problem solver to do After becoming familiar with the given information, the
problem solver must then articulate a strategy or a set of strategies which can be used to solve
the problem. The plan is then executed by making use of specific strategies and through altering
and modifying strategies, a solution to the problem is eventually found. Lastly, the solution
then is reflected upon by looking back at all the steps taken during the problem-solving process
to test its validity (Polya, 1957).

The four-step framework will be utilized in this study to ascertain which problem-solving
strategies grade 4 learners use when solving word problems involving measurement, as well as
how they carry out these strategies when solving the problems. Using the “devise a plan” and
“carry out the plan” steps, the researcher will be given insight into the various cognitive
processes which learners go through leading up to selecting a solving strategy. Secondly, the
researcher will be able to observe how learners utilize their selected solving strategies, as well

as any common practices or misconceptions found in the solutions.

1.3. Word problems

According to Chapman (2003), the definition of a word problem is not always obvious. There
is a school of thought that believes that they include problems which are usually represented
symbolically, being expressed in words. For example, find the difference between 25 and 13.
The other school of thought believes that word problems refer solely to problems which are
written in the form of stories. In other words, they are verbal explanations of problem scenarios.
Their solutions can only be attained by applying mathematical procedures using the numerical

or algebraic data given in the problem (Chapman, 2003).

For this study, the concept of word problem solving will refer to reading and interpreting a
particular word problem, then devising a strategy or method to come up with a solution to the
problem. This process includes showing all the steps as well as the errors the learners went

through on their journey to solving the problem.



1.4. The importance of measurement

According to Clements, Barret, and Sarama (2017), acquiring knowledge of quantity as well
as quantifying strategies are essential for learners. Geometric measurement, to be specific,
enables learners to understand the relationships between number and geometry. This is done
through reasoning about quantity, which happens continuously in the curriculum as learners
progress through their schooling years. Drake (2014) adds that the topic of measurement is

very practical, and it allows learners to solve problems which interest them.

McDonough and Cheeseman (2014) mention that despite the importance of measurement as
an element of mathematics education, it remains a topic in which children perform inadequately
around the world. Therefore, there is a need for designing assessments which better
demonstrate the learning of children. By being able to identify the areas within their thinking
where they need help, appropriate intervention and assessments can then be constructed in

order to help learners become proficient in measurement.

Measurement also forms a central part of scientific inquiry. Therefore, it is imperative to start
developing an understanding of the measurement of physical quantities as early as possible
(Clements et al., 2017). Drake (2014) emphasizes the significance of learning linear
measurement. In addition to being one of the most common types of measurement, linear
measurement is also used in various other facets of mathematics as well as science. Linear
measurement forms the foundation upon which scales in measuring instruments are
constructed. This reinforces the importance of learners learning and understanding

measurement.

In the curriculum, measurement is initially introduced to learners by assisting them in
perceiving as well as comparing the magnitude which needs to be measured (Montoro,
Aguayo-Arriaga, and Flores, 2021). Learners also need to learn to use measuring instruments
and recognise that measurements are always approximate. Thus, they will also develop
different estimation skills. Magnitudes, in science, are seen as properties of matter and are
categorised as either specific or general. Being proficient in measurement and its related
processes is therefore also essential to perform experiments and conduct scientific research.
McDonough and Cheeseman (2014) add that when children learn to measure, they also develop
understandings of the core aspects of measurement attributes. These include making
comparisons, assigning appropriate units, as well as the importance of converting to identical

units.



Even before attending formal schooling, children begin to devise ideas of mass from as early
as twelve months. Furthermore, McDonough and Cheeseman (2014) mention that there is
evidence which indicates that children can exhibit awareness of mass between the ages of four
to six years. At years six to eight they are able to distinguish between heavy and light objects,
as well as to comprehend the relationship between the size of a unit and the number of units
required to determine the mass of an object. Clements et al., (2017) add that children make
comparisons between different magnitudes either instantly, or they identify patterns over a
prolonged period. This is achieved by making quantifications of their observations and

experiences.

1.5. Background

Since the inception of democracy in 1994, South Africa has undergone numerous changes with
regards to its curriculum approaches in attempts to improve the numeracy and literacy
performances of its learners (Chisholm, 2003). When Outcomes-Based Education (OBE) was
implemented in 1998, it was aimed at serving as a curriculum approach which promoted
democratic education to further show the country’s efforts to achieve transformation. The
problem which OBE presented was that instead of focussing on developing the conceptual
understanding of learners and teaching them the required skills to solve problems, it placed
great emphasis on requiring learners to achieve specific outcomes (Mouton et. al,.2013). This
resulted in teachers toiling to get their learners to achieve all the required outcomes of OBE,
meaning learners were unable to master many basic skills and lacked fundamental knowledge

which ultimately called for a new curriculum approach. (Chisholm, 2003).

In 2002 the Revised National Curriculum Statement (RNCS) was introduced. This approach
was meant to replace as well as improve on the shortcomings of OBE. However, it failed to
yield improved results particularly in language subjects and Mathematics (Mouton et al., 2013).

South Africa’s current curriculum approach, the Curriculum and Assessment Policy Statement
(CAPS), had been earmarked as the approach which would rectify the errors of past approaches
and finally produce improved learner performances particularly in core subjects such as
Mathematics and Home Languages (Mouton et al., 2013). Unfortunately, there has still not
been substantial improvement and South African education continues to be in a state of decline.

(Maree, Aldous, Hattingh, Swanepoel and van der Londe, 2006)



The researcher is of the view that if effective changes are to be made to improve learner
performance in Mathematics, then we first need to analyse and understand how learners think
as well as what their conceptions and misconceptions of different mathematical content are.
the researcher wants to focus particularly on the topic of problem solving of measurement word
problems. Using the four-step framework of Polya will enable the researcher to be able to
analyse what thinking patterns learners experience during problem solving as well as how they
select and carry out their solving strategies. Doing so will provide insight into how learners
think and understanding their cognitive processes will allow us to be able to identify precisely
where and why learners are struggling. As a result, these answers will allow us to then develop
appropriate remediation programs and tools to help learners overcome specific misconceptions,
to be able to select appropriate solving strategies and be able to carry out these strategies
coherently.

According to Hiebert, Carpenter, Fennema, Fuson, Human, Murray, Olivier, and Wearne
(1996), there is a large gap within the schooling curriculum between the acquisition of
knowledge and the application thereof. To resolve this concern, many schools have adopted
the problem-based learning approach. This learning and teaching model emphasises that
lessons begin with problems. Learners are exposed to sets of problems and utilise their own
conceptions and skills to make meaning of the problems and by doing so, find their own ways
to come up with solutions. By first giving learners the problems, it allows them to form their
own understandings and construct their own knowledge, keeping them engaged throughout the
learning process and creating a learning environment that is less instructive than the more
traditional method of exposing learners to antique methods and almost forcing them to master
only those methods (Hiebert et al., 1996).

These arguments further back up the importance of this study, which will allow learners to
develop their own conceptions of measurement word problems without being confined to the
methods prescribed by the teacher. Allowing learners to devise and carry out their own
strategies will enable us to observe how learners interpret each problem and how they go about
solving each problem. Furthermore, conducting focus group interviews will reveal the reasons
learners chose their specific strategies as well as what thinking steps they were following

during the solving process.

Maree et al., (2006) reported on a study in which a vast number of grade 6 learners within the
Western Cape failed to carry out grade 4 level numeracy skills. Out of the 35 000 learners who
wrote the test, only 15,6 % of them passed. These statistics reinforce the claim that South



African learners are underperforming in Mathematics and that changes are urgently required.

The researcher feels that these changes must start at the primary school level.

As a grade 4 teacher with experience in the other intermediate phase grades, the researcher
feels that solving word problems is one of the biggest obstacles to both learners as well as
teachers who often do not comprehend the problem. A combination of these two factors as well
as various other variables contribute to learners performing very poorly during the word
problems sections in assessments and class work. In the Platinum Mathematics textbook, word
problems are found at the end of each topic and are used as a tool to determine whether learners
can apply the knowledge they have acquired in the topic to problems which are still on the
topic but are now posed and described within a real-life scenario.

Furthermore, as a Mathematics teacher in the intermediate phase the researcher has also
experienced and observed several trends. Teachers have the tendency to only use the prescribed
method in the textbook when showing learners how to go about solving the word problem.
They do not make provision in their lessons to accommodate for new ideas and methods, as
many teachers do not realise that there are numerous methods that can be used to solve a single
problem, with each method being relevant and can provide learners with the solution to the
problem. Too many teachers view Mathematics as a subject which only has a single correct
answer to a problem, and that each problem only has one method which can be used to solve I
it. (Hiebert et al., 1996). Through their teaching, they then impose these views and patterns of

thought unto their learners too.

1.6. Rationale

Cummins, Kintsch, Reusser and Weimer (1988) remark that word problems have always been
viewed as being tough to solve because they are non-routine in nature, and they do not
explicitly state which mathematics needs to be used to solve them. Furthermore, word problems
can be stated in such a vast variety of ways that it is difficult for learners to formulate any
pattern or steps which they can apply to all word problems. The difficulty of a word problem
is also greatly influenced by the word choice in the problem, as some word problems use very
intricate language which confuses many learners. Nortvedt (2008) adds that even some teachers
struggle to comprehend and interpret word problems.

However, Hosseini, Hajishirzi, Etzioni and Kushman (2014) disagree, stating that word
problems have a very distinct pattern. They start off by providing a description of a particular
real-world scenario, which is followed by one or more specific details, and concludes with a

quantitative question. It is suggested that learners identify what is required of them to do by
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finding the verb in the problem. These verbs can be put into different categories which help

learners to determine which operations they need to do to solve the problem.

Using the problem-solving approach enables learners to choose from a luxury of different
strategies when they are required to solve a particular problem or set of problems. As opposed
to the traditional prescribed methods found in textbooks and the curriculum, the problem-
solving approach will provide a better platform for learners who generally find it challenging
to solve problems. More specifically, these learners will have the freedom of using solving
techniques which they are more familiar with or to choose a different strategy from the one
which is found in their textbooks, and which usually causes them great difficulty. Hiebert et
al., (1996) concur, adding that instead of basing our curriculum on learning skills, we should
allow for learners to solve problems using their own understanding and interpretations of the
problems. Allowing learners to engage in problem solving means they can then explore the
problem, find various ways to solve the problem and reflect on their work by finding and
rectifying their own mistakes within the problem-solving process.

Furthermore, the variety of problem-solving techniques is not only restricted to those which
the teacher exposes to the learners to, but it also includes any relevant methods which the
learners come up with independently or traditional methods which were engrained in them by
parents or other relatives. Thus, the problem-solving approach endorses the Constructivist
learning approach as it enables learners to draw on their prior knowledge and using this
knowledge as a platform on which they can build on expand to construct new knowledge (Lesh
& Doerr, 2003).

Using the problem-solving approach for teaching and learning also ensures that a teacher within
the South African context fulfils one of the key aspects of what it means to be a teacher in this
country, catering for differentiated learning. It is important to acknowledge that learners are on
different levels of cognition and the problem-solving approach falls in line with this by
allowing learners to choose the problem-solving strategy which best suits their individual
cognitive levels, unlike conventional practices which almost forces them to utilize a single

method and restrict them.

1.7. Statement of the Research Problem

The topic of problem solving is frequently either overlooked or not focussed on sufficiently
within the current teaching and learning curriculum (Thompson, 1985). Many learners are
unable to carry out mathematics problems using the methods prescribed in their textbooks and

taught to them by their teachers and they are then graded as underperforming. However, many
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of these learners have methods and ideas of their own which may also lead them to successfully
solving a given problem if they were allowed the freedom of not following conventional
textbook methods. Mathematics must be taught in such a way in which it shows learners that
there are various routes which can be taken to arrive at the same solution. The topic of
measurement is particularly stringent in grade 4 as it is taught in such a way that learners can
only use one method to convert or work with units of measurement (Hurrell, 2015). However,
a problem-solving approach will allow learners to use their own initiative and approach the
problem in a more personal manner, using methods which they feel comfortable with
individually. This is because learners possess background knowledge which they learn through
family members, their cultures, and other sources. However, school does not acknowledge their
background knowledge or even accommodate for it. the researcher therefore argues that it is
the responsibility of the teacher to create opportunities within lessons for learners to share and
make use of their background knowledge. This will allow learners to make their own meaning
of the problem and by using the method of their choice their solution will be more meaningful
to them. The teacher should therefore also facilitate learners when they select and carry out
their own solving strategies. This should be done by simply guiding them and harnessing their
skills so that they can carry out their solving strategies to the best of their abilities. This study
will therefore investigate the problem-solving strategies grade 4 learners use when solving

measurement word problems.

1.8. Research Questions and Objectives

This study will identify the methods used by grade 4 learners when measurement word
problems at a primary school in Cape Town. It will, thus, aim to answer the following research
question: What strategies do grade 4 learners use when solving problems involving
measurement? Furthermore, the following subsidiary question will also be answered: How do

learners use their strategies when solving problems involving measurement?

1.9. Significance of the study

This study attempts to make a valuable contribution to Mathematics education by shedding
some light regarding which problem-solving strategies grade 4 learners use when solving
measurement word problems. Moreover, it will also provide more information as to precisely
how learners go about using the strategies they choose when solving these problems. The
aforementioned information will serve as a platform with regards to which levels learners are
on in terms of their problem-solving skills, thus giving teachers a starting point as to which
level to pitch their lessons at as well as the range of new problem-solving strategies they need

to introduce to learners. In a South African context, research into this topic is very limited
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which further emphasises the significance of this study (Jojo, 2019). The study can be used as

a platform upon which further future studies can then be built on.

The current curriculum places great emphasis on the concept of solving word problems (DoE,
2011). However, the textbooks do not show learners or teachers the various and diverse set of
methods which can be used to solve these word problems. Many of the word problems simply
have the final answer in the teacher’s memorandum and during assessments the Formal
Assessment Tasks (FATs) memorandum simply has only the final answer accompanied by the
common statement of “any other correct method.” This is doing an injustice towards word
problem solving as these problems are meant to allow learners to not only keep using the
column and expansion methods to add and subtract in various topics of mathematics such as
mass and measurement, but also to expose them to other relevant strategies. It may be argued
that these problems allow learners to use their own initiative, but their performances in this
section of Mathematics can be further enhanced if the teacher first makes them aware of and
introduces them to a wide variety of different strategies and steps they can choose from when

solving these word problems.

There are many studies which have been carried out which analyse different aspects of problem
solving and solving word problems in mathematics. However, there is not as much literature
which focuses specifically on word problems involving measurement. Therefore, this study
could be highly significant in that it could add valuable knowledge to a topic in mathematics
as the published work on problem solving appears to be mainly general in nature. This further
may further strengthen the argument to conduct research on this important part of mathematics.
The next chapter will focus on previous studies which have been conducted on problem solving
and problem-solving strategies.

1.10. Outline of chapters

Chapter 1

In this chapter, definitions for the following terms which are used throughout the study are
shown: mathematical problem, word problems, and problem solving. An outline of the
problem-solving framework of Polya (1957) is then discussed as it formed an integral aspect
of the theoretical framework for this study. Furthermore, the background to the study is

explained to establish the importance of changing how problem solving is being taught. The
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argument is then posed that allowing learners to solve measurement type word problems
independently will enable them to form their own conceptions of the problems. Thereafter, the
research questions are stated: What strategies do grade 4 learners use when solving
measurement type word problems? How do learners carry out their strategies when solving
problems involving measurement? These questions then lead into the statement of the research

problem and the significance of the study.
Chapter 2

This chapter begins by providing a summary of related research which has been done on
problem solving and word problems. The theoretical frameworks for the study are then
discussed. This study used two different frameworks as points of reference. The
Constructivist Learning Theory, and Polya’s Problem Solving Model. Polya’s problem
solving strategies are then explained in detail, and each strategy is accompanied by an
appropriate example to demonstrate how the strategy is carried out when solving a problem
using Polya’s framework. A summary of research on problem solving strategies is then

provided to further enhance the significance of this study.
Chapter 3

Chapter 3 provides a comprehensive description of the research methodology that was
undertaken when conducting the study. The exploratory case study research design was
adopted for the study, and the mixed methods approach was implemented. The date
collection techniques included an observation protocol, document analysis, and an interview
protocol. Findings would be recorded and an analysis of all three sets of data would be done
to identify patterns, relationships, and to answer the research questions.

Chapter 4

This chapter presents and analyses all the data that was collected and collated throughout the
study. The observations of the researcher are discussed, followed by examining the data from
the document analysis which shows the strategy each learner used for each problem in the
problem-solving activity they completed. Analysis of the focus group interviews is then
conducted to understand why learners selected the strategies they did. Furthermore, the
interviews also reveal the conceptions learners had of the various problems as well as the
feelings they had towards problems they found easy and challenging. After the three sets of

data were extensively studied, the research questions could then be answered.
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Chapter 5

This chapter aimed to collate all the findings from the study into conclusions which
accurately summarized the main themes which emerged. Learners’ conceptions of
measurement word problems were discussed. This is followed by the problem-solving
strategies which were used most frequently, as well as relationships between the chosen
strategy and the type of problem. Following this are the concluding remarks regarding how
learners carried out their strategies. The chapter concludes by applying the Constructivist
Learning Theory and Polya’s Problem Solving model to the findings as these are the two

theoretical frameworks the study utilized.
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CHAPTER 2: LITERATURE REVIEW AND THEORETICAL FRAMEWORK

2.1. Introduction

This chapter will cite previous literature and studies which have been published on the topic of
problem solving in Mathematics. In addition, it will cite literature on Constructivist Learning
Theory, as well as the roles of the teacher and learners within a Constructivist classroom
environment. This will be done to find possible trends in previous studies which can be used
to inform this study and allow the researcher to make comparisons once data has been collected.
It will highlight major findings, trends within the literature as well as the different viewpoints
of the various studies. This chapter will also discuss the steps for problem solving according to
Polya (1957) and explain some of the different problem-solving strategies found in
Mathematics. After reviewing the literature, this chapter will also identify a possible gap which

this study will aim to fill.

2.2. Related research on problem solving and word problems

In a study to identify the support structures required by teachers to implement a problem-
solving teaching approach, Anderson (2005), set up interviews, surveys as well as workshops
with teachers. A general pattern found within the results was that most of the teachers were
open to and in favour of using a problem-solving teaching approach. A prominent issue brought
up by teachers was they based their teaching methods on the textbooks which they were
prescribed with. Furthermore, a general finding was that the teachers are open and willing to
teaching using the problem-solving approach if textbooks were adapted to cater of this teaching
and learning approach. The researcher feels that if teachers could place greater emphasis on
problem solving and create more opportunities for learners to be exposed to different strategies,
then it would improve both the teaching and learning processes. In addition, it will also improve
the performance of both teachers and learners in Mathematics. Another important finding from
the study conducted by Anderson (2005), most of the teachers welcomed the idea of undergoing
further training and workshops to equip themselves with the appropriate skills and knowledge

to teach using a problem-solving approach.

A study reported by Ollerton (2007) was conducted across four schools in the West Midlands
in England. After using a problem-solving approach in the teaching of Mathematics to learners
over an extensive period, Ollerton (2007) found that learners began to adopt a specific set of
problem-solving strategies and then selected the most appropriate one to solve a given problem.
These strategies included describing patterns, making drawings as well as finding all the
possibilities.
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Nortvedt (2008) set up a study to determine which reading and solving strategies learners
utilised when working on a set of word problems. An instrument consisting of a group of 8-
word problems was prescribed to 22 grade 8 learners. Learners were first asked to read out the
problems aloud and verbally utter out their ideas as to how they would go about solving each
problem. They then attempted to solve each problem using any solving strategies and methods
of their choice. All of this was done in an interview styled process whereby the teacher took
notes on both the verbal section as well as the written part of the study. When reading the
problems out aloud and talking about their understanding of and strategies to solve each
problem, it was found that majority of the learners tended to reread each problem several times.
It was suggested that learners do this to fully conceptualise the problem and to try and identify

the key statement in each problem to determine what the problem requires them to do.

A study was conducted by Tshabalala and Ncube (2013) to determine the factors which
contribute to poor performance in mathematics. The research instrument was a questionnaire
which learners answered. It was found that learners who stayed absent frequently tended to
achieve much lower marks during mathematics activities and assessments. Thus, low class
attendance contributed to learners performing poorly in mathematics. Another finding was that
learners also performed below the passing standards as a result of them not committing all their
attention to the teacher during lessons. Learners may, therefore, be contributing negatively to
their own development. These findings are backed up by Tachie and Chireshe (2013) who
found that learners cited their own lack of punctuality as a reason for them performing poorly

in mathematics.

Tshabalala and Ncube (2013) also found that 85% of the learners who took part in their study
felt that the teaching methods used by their teachers were very tough for them to understand
and make sense of. These findings indicate the need for different teaching methods to be used
to teach mathematics. The view of the researcher is that implementing a problem-solving
teaching and learning approach would create a learning environment which learners will find
more interesting as it will allow them to explore their methods of solving problems. Doing so
may result in learners finding strategies they are more comfortable with and bring them more
success in solving problems than what the methods in our current curriculum do. This view is
echoed by Gakure, Mukuria and Kithae (2013) who mentioned that teachers who are trained
and equipped with teaching methods which are more learner-centred will yield better

performances and results from learners.
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In a study to find the different strategies used by learners when solving geometry problems,
Aydogdu and Kesan (2014) found that most of the learners who participated in the study used
the strategy of making drawings at least once. This suggests that learners are more comfortable
solving a problem when they can visualise the problem. Furthermore, the study also found that
after learners were taught a specific problem-solving strategy by the teacher, they tended to

adopt the strategy and use it during classroom as well as homework activities.

Lubin, Houde and de Neys (2015) conducted a study to determine the errors made by learners
when solving arithmetic word problems. A total of 137 learners from grades 3, 4 and 5 at a
school in Paris participated in the study. Each learner used French as their first language.
Learners were each given four problems to solve. They were then shown the five-point rating
scale. The scale ranged from not being sure at all (0), to being completely sure (4). Therefore,
after solving the problems learners would then rate their own answers using the five-point scale.
Results showed that 85% of the errors learners made were reversal errors where they subtracted
when they should have added. When analysing the learners’ rating of their answers, learners
appeared very confident in their answers to the non-conflict problems. However, when rating

their answers to the conflict problems, learners were far less confident.

Msimango and Luneta (2015) conducted a study in which instructional strategies, which
improved the problem-solving skills of grade three learners in Mathematics, were explored.
Three teachers and eighteen learners from the same primary school participated in the study.
The learners were then placed in three groups based on their academic abilities. Thus, there
was a group containing 6 high achievers, a group of 6 moderate achievers and a group of 6 low
achieving learners. The 2014 ANA scripts of each of the groups of learners were then analysed.
Msimango and Luneta (2015) found that all three teachers asked questions at a moderate level.
Furthermore, the teachers did not take into consideration that different learners learn using
different techniques. The study also found that teachers did not provide sufficient opportunities
for learners to solve problems. As a result, many learners were unable to compare quantities

such and see their relationships. For example, 23 is the same as 20 and 3.

A study was carried out by Erdogan (2015) to determine which strategies grade 6 learners use
when solving an unknown problem Learners were prescribed with a set of problems which they
completed over a five-week period. When the answers and calculations of the learners’ tests
were analysed, it was found that most of them made use of the strategy of finding a pattern and
then making generalisations. In the problems which require learners to use multiple or

compound strategies (problems where learners need to break up the problem and then solve
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each part using separate strategies) to solve them, learners generally struggled. Cummins et
al., (1988) carried out a study to explore learners’ understanding of word problems. When grade
1 learners were given a particular type of arithmetic to solve, all of them solved it successfully.
However, when the same problem was presented to them in the form of a word problem, only
29% of them could solve it. This was due to learners lacking sufficient exposure to word
problems. They are more comfortable solving problems which have only mathematical
symbols and numbers as these types of problems have been taught to them extensively in class.
However, when seeing problems in word form, they do not have a framework they can use
which can help them to understand the problem and what it requires them to do. Furthermore,
on a national scale, learners perform up to 30% worse on word problems than what they do
problems which are in numeric form. According to Erdogan (2015), these limited abilities of
learners to solve problems are due to the current curriculum, which has “finding a pattern” as
its sole problem strategy that is exposed to learners. This is found under the Numeric and
Geometric Patterns topic. It is thus suggested that exposing learners to a greater range of
problem-solving strategies within the schooling curriculum would allow them to explore

different methods to solve problems and find strategies which work for them as individuals.

Tong and Loc (2017) conducted a study to identify the errors of students in solving
mathematical word problems, as well as their ability to identify errors in incorrect solutions.
One hundred and sixty grade 3 students completed the activity which consisted of a set of word
problems. The results indicated that although students largely comprehended the problems,

many of them still made critical errors.

A study was carried out by Alamian and Baseri (2020), to determine the effect of manipulation
on reducing errors of grade 4 mathematics learners when solving word problems involving
fractions. The participants consisted of 48 female grade 4 learners from two primary schools.
The study utilised a quasi-experimental research design by using a pre-test and post-test with
a control group. The results of the study revealed that when teaching learners fraction word
problem solving through manipulation, it led to a substantial decrease in the number of errors

made by learners.

Abadi and Amir (2022) conducted an analysis of the difficulties of elementary school learners
in solving perimeter and area problems. The study used a qualitative research design by way
of a case study. Three groups of grade 5 learners participated in the study, with these groups
being categorised into low, moderate, and high mathematical ability in solving perimeter and

area problems. Tests and interviews were used for data collection. Results revealed that learners
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with low ability levels showed verbal difficulties as they did not follow instructions. Learners
with medium ability levels had conceptual challenges and they tended to use the perimeter unit
when required to use the area unit. High ability level learners struggled with formula usage,

resulting in incorrect solutions.

The researcher has the view that Mathematics is best taught when there is regular interaction
between the teacher and learners. In addition, teachers need to expose learners to as many
different strategies to solve a particular problem as possible in galvanise the idea that there are
many ways to solve a particular problem. For this reason, the researcher recommends the use
of the problem-solving teaching and learning approach as it enables learners to choose the
strategy they are most comfortable with when solving a specific problem and at times it may

even lead to learners coming up with their own methods which can then be shared with others.

2.3. Theoretical Framework

The study will integrate the Constructivist Learning Theory with Polya’s problem solving
model. The Constructivist Learning Theory will be used to allow learners to make sense of the
problems on their own, whilst using Polya’s problem solving framework as the format in which

to compile their solutions.

2.3.1. Constructivist Learning Theory

The Constructivist Learning Theory states that knowledge is built through observations and
experimentation. Knowledge is generated based on people’s own experiences and their
interactions with the environment around them (Major & Mangope, 2012). This theory is
founded on the notion that learners can manifest their own understanding of different
concepts by expanding on their previous set of knowledge and experiences (Surgenor, 2010).
In addition, Bada and Olusegun (2015) mention that the new knowledge of ideas generated
by learners is then integrated into their existing knowledge set which allows them to develop

a meaningful understanding of the world.

According to Taber (2011), using constructivism within the classroom environment takes the
focus of the lesson away from the teacher and shifts it onto the learners. This means that
learners are participating in lessons and tasks which have them as the focal point of the lesson
and they use their own knowledge and previous experiences to learn independently. By
making their own observations, learners are active participants in their own learning process
and construct their own relations which enable them to construct a more personal
understanding of the information they have been given (Surgenor, 2010). Major and
Mangope (2012) add that this serves as a contrast to conventional teaching methods which
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