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ABSTRACT 

 

This study explored how using the Concrete-Pictorial-Abstract (CPA) approach improves 

learners’ conceptual understanding of fractions in the Capricorn North District of South 

Africa. The research was framed within the conceptual understanding theory rooted in 

cognitive constructivism. Conceptual understanding is understanding of mathematical 

ideas as an integrated and functional system with three components: comprehension, 

operations, and relations. A pretest-posttest research design in a one-phase concurrent 

embedded mixed-method research approach, within a pragmatism paradigm was used. 

Data were gathered qualitatively through written classwork tasks and task-based 

interviews and quantitatively through pretests and post-tests. Deductive thematic analysis 

with pre-existing themes; operations, comprehension and connections, was used to 

analyse qualitative data. The quantitative data were analysed using descriptive statistics 

- mean, median and mode and inferential statistics - independent and paired sample 

tests. Seventy (75) purposefully sampled Grade 7 learners participated in the study. The 

findings indicate that the CPA approach improved the learners’ conceptual understanding 

of fractions though the effect size of the intervention was minimal and negligible. 

Furthermore, the study found that the incorporation of concrete objects and visual aids 

was efficient. Additionally, the qualitative results revealed how learners’ conceptual 

understanding of fractions was enhanced during the intervention. This study contributes 

to innovative teaching methods of fractions, potentially enhancing mathematics 

performance and inspiring teachers to explore new teaching approaches.  

Keywords: Concrete-Pictorial-Abstract approach; Conceptual understanding; Fractions; 

Mixed-method approach; One-phase concurrent embedded design. 
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CHAPTER ONE 

INTRODUCTION AND BACKGROUND 

1.1 BACKGROUND AND MOTIVATION 

Fractions are integral in Mathematics education, from primary through secondary school. 

These mathematical expressions represent a part of a whole, and understanding fractions 

is essential to develop a solid foundation for concepts such as percentages, decimal 

numbers, and proportions. Additionally, fractions are a vital component of higher 

mathematics areas such as algebra and geometry, which are used to solve complex 

equations and geometric problems. Beyond their practical applications, fractions are also 

a learner’s initial introduction to abstract Mathematics, a fundamental concept in 

Mathematics education (Wiest & Amankonah, 2019). Learners may struggle with more 

advanced topics without mastering fractions, hindering their academic progress. 

Acquiring proficiency in fractions can help learners to develop critical thinking, problem-

solving, and analytical skills, which are essential for success in Mathematics and other 

areas of life(Tsai & Chuan, 2016).Therefore, it is crucial to recognise the fundamental 

value of fractions in basic Mathematics education, as they provide a strong foundation for 

learners to succeed in advanced Mathematics and beyond. 

Research in South Africa and abroad indicates that the teaching and learning fractions is 

a complex and challenging process (Reinhold et al., 2020; Makhubele, 2021; Lovemore 

et al., 2021). The authors have all shown that learners struggle with fractions, and this is 

a persistent issue. For instance, Makhubele (2021) identified specific errors that grade 8 

learners make when performing operations with fractions (addition, subtraction, 

multiplication, and division). Furthermore, the study revealed that a significant portion of 

fraction errors stem from a deficient understanding of foundational concepts, such as the 

part-whole relationship, fraction equivalence, and the concept of ratio.  Makhubele's work 

stresses the need for learners to develop a strong conceptual understanding of fractions, 

rather than just memorising rules and procedures. Lovermore (2021) found that in grade 

5, teaching and learning fractions, particularly the concepts of understanding parts of a 
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whole and performing calculations with them, poses significant difficulties for both 

teachers and learners in the Eastern Cape. This struggle often leads to gaps in 

mathematical understanding and affects learners' overall confidence in mathematics.  

A report by Spaull (2019) has found that 61% of South African Grade 5 learners could not 

do basic fractions, and 79% of Grade 6 Mathematics teachers could not score 60% or 

higher on Grade 6 and 7 level questions.  Furthermore, the Mathematics Diagnostic 

Report (MDR) from the Department of Basic Education (DBE) found that learners 

regularly experience difficulties with algebraic fractions and simplifying fractions (DBE, 

2021, 2022).  The MDR further highlights that learners encounter difficulties in problems 

involving fractions in almost all prescribed Mathematics topics. This shows that this 

problem persists into higher grades.  

Several studies have also highlighted a need for a conceptual understanding of fractions 

among learners, leading to numerous misconceptions and other difficulties (Gabriel et al., 

2017; Lee & Boyadzhiev, 2020; Namkung & Fuchs, 2019). To qualify this point, Namkung 

and Fuchs(2019)  highlighted how learners rely heavily on their whole-number knowledge 

to understand fractions, which often leads to misconceptions, learning disabilities and 

errors about fractions. Furthermore, Lee and Boyadzhiev (2020) found that learners 

struggle with treating denominator and numerator separately, lack of understanding of the 

least common denominator (LCD), computational and procedural errors, 

misunderstanding of orders of operations, lack of understanding of fractions and lack of 

conceptual understanding. On the other hand, Gabriel et al. (2017) firmly believe that 

teaching practice seems to focus more on procedures than on a conceptual 

understanding of fractions, which results in poor conception and conceptual 

understanding of fractions.   Other factors that contribute to poor fraction mastery include 

whole number bias (Reinhold et al., 2020), inadequate pedagogies (Jojo, 2019), and 

language barriers (Ubah, 2021). Given the complexity of fractions and the numerous 

difficulties learners face, effective teaching strategies are essential to improving their 

understanding and mastery of the subject. 

Empirical findings suggest improving fraction learning and teaching by incorporating 

music into fraction representations, replacing traditional pizza or chocolate bar 
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representations (Lovemore et al., 2021). Naidoo and Hajaree (2021) found that learners 

valued and enjoyed using technology-based tools while teaching and learning fractions. 

Salimi et al. (2020) propose that using visual representations may aid the understanding 

of these concepts by making them more concrete and clearer. One of the visual 

representations that provide learners with the opportunity to comprehend and solve 

Mathematics problems is the Concrete Pictorial Abstract (CPA) approach (Africa et al., 

2020). The CPA approach consists of three stages: 1) learning by physical manipulation 

of concrete objects, 2) learning by the representation of pictures, and 3) solving abstract 

problems utilising a notation (Putri, 2015). In the concrete stage, learners learn through 

manipulating concrete objects, which helps them establish a solid connection to the real 

world. In the pictorial stage, learners learn through pictures to represent and visualise 

mathematical concepts and build a strong foundation for mathematical abstraction. In the 

abstract stage, learners represent abstract mathematical concepts using symbols. 

After conducting a comprehensive review of the existing literature and research, it is 

evident that there are three significant gaps that require attention. First, there is a 

substantial population gap in the prior research, focusing primarily on Grade 12 subject 

matters(Mathematics Diagnostic Report (MDR) from the Department of Basic Education 

which primarily focuses on grade 12). This leaves a void in understanding the conceptual 

understanding of fractions among senior-phase learners in South Africa, particularly those 

in Grade 7. Therefore, this study’s focus on Grade 7 learners in South Africa is timely and 

crucial in addressing this gap. Secondly, prior research has a knowledge gap concerning 

the poor conceptual understanding of fractions. A significant research gap exists in 

understanding how learners develop a deep, conceptual understanding of fractions, 

particularly in bridging the critical divide between procedural knowledge, defined as the 

ability to accurately perform operations with fractions,and conceptual understanding 

which is characterised by an individual's understanding of the meaning and reasoning 

underlying those operations. This area of study necessitates a closer examination of the 

phenomenon known as "whole number bias," wherein learners inappropriately apply 

whole number properties and principles to fractions. For instance, many learners might 

incorrectly assume that the same addition or multiplication rules that apply to whole 

numbers can be directly transferred to fractions, leading to misunderstandings and 
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incorrect answers. Furthermore, it is essential to investigate how various representations 

of fractions, such as part-whole models, number lines, and area models, influence 

learners’ comprehension and subsequent mastery of the topic. Research into these 

representations may uncover how visual aids and conceptual understanding framework 

help mitigate misconceptions and foster a more nuanced understanding of fractions. By 

addressing these interconnected aspects, educators can better support learners in 

bridging the gap between procedural and conceptual understanding, ultimately leading to 

enhanced mathematical proficiency of common fractions. Investigating this is crucial 

because it contributes to the existing knowledge and helps learners acquire the necessary 

skills, as envisaged by the Curriculum and Assessment Policy Statement (CAPS) 

document (DBE, 2011). 

Moreover, previous research has primarily focused on the conventional learning of 

fractions, with very little research on teaching fractions using the CPA approach. The CPA 

approach is a visual and tactile method of teaching fractions that has  proven to be 

effective in improving learners’ conceptual understanding of fractions. Therefore, the 

study sought to provide an inquiry into using the CPA approach to improve Grade 7 

learners’ conceptual understanding of fractions. In summary, the study aimed to fill the 

identified gaps in the literature and research by investigating the conceptual 

understanding of fractions among senior-phase learners in South Africa and exploring the 

effectiveness of the CPA approach in teaching fractions to Grade 7 learners. By doing so, 

the study hoped to contribute to the existing knowledge and significantly improve the 

quality of Mathematics education in South Africa, offering a brighter future for our 

learners. 

1.2 PROBLEM STATEMENT 

According to CAPS (DBE, 2011), learners in the senior phase (Grades 7-9) should 

develop a conceptual understanding of fractions. This is a crucial necessity as stressed 

in the Mathematics Teaching And Learning Framework For South Africa (DBE, 2018). 

Kilpatrick et al. (2001) show that learners with conceptual understanding effectively 

communicate ideas using various representations, enabling efficient transfer and 
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application of knowledge in novel contexts. Furthermore, learners with a conceptual 

understanding of fractions possess knowledge and understanding of five key constructs 

of fractions: fraction as part-whole, measure, operator, quotient, and ratio. Moreover, 

learners should be able to make connections between these constructs and different 

fraction models (Wong & Evans, 2011). Bailey et al. (2015) add that a conceptual 

understanding of fractions involves the understanding of the properties of fractions, such 

as their magnitude, principles relevant to fractions, and notations for expressing fractions. 

Teaching approaches that use concrete manipulatives are often employed to enhance 

and support conceptual understanding (Swan & Marshall, 2010). As a result, learners 

with a sound fraction conceptual understanding built from real-life scenarios and the use 

of manipulatives develop meaningful Mathematics and can transfer knowledge to different 

real-life contexts (Mills, 2016).  

However, Baidoo (2019) and Makhubele (2021) found a persistent trend of poor 

conceptual understanding of fractions in grade 10 and grade 8, respectively in, Easten 

Cape South Africa, which contribute significantly to misconceptions that learners carry to 

higher grades. This is confirmed by the Mathematics Diagnostic Reports’ (2018–2022) 

findings, which revealed that matric candidates performed poorly in problems involving 

fractions (DBE, 2018–2022). The problem could be the conventional approaches 

teachers use when teaching fractions (Naidoo & Hajaree, 2021). These conventional 

approaches do not provide learners with opportunities to build a conceptual 

understanding of fractions (Lestiana et al., 2016). Additionally, Ubah (2021) indicated that 

these approaches do not provide a platform for the utilisation of other forms of 

conceptualising fractions, such as the use of concrete objects and pictures that assist 

learners in understanding the abstract nature of fractions. A summary of these findings 

demonstrates that learners are unable to understand fractions, as espoused by the CAPS 

document. 

It is, therefore, important for teachers to use alternative approaches that enhance 

learners’ conceptual understanding of fractions. According to Purwadi et al. (2019), the 

CPA approach has the potential to provide such a platform. Moreover, Putri (2015) 

asserts that using concrete objects and pictures in the CPA approach may help learners 
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thoroughly understand abstract concepts in Mathematics. Consequently, this study 

envisaged using the CPA approach to improve Grade 7 learners’ conceptual 

understanding of fractions in Moletji Circuit, Capricorn North District, Limpopo Province, 

South Africa.  

1.3 PURPOSE STATEMENT 

The purpose of this study is to investigate whether the use of the Concrete-Pictorial-

Abstract (CPA) approach improves Grade 7 learners’ conceptual understanding of 

fractions in Moletji Circuit, Capricorn North, Limpopo Province, South Africa. 

1.3.1 Research Questions 

 How does the use of the concrete pictorial abstract (CPA) approach improve Grade 

7 learners’ conceptual understanding of fractions?  

 What change in conceptual understanding of fractions do Grade 7 learners have 

after being exposed to the CPA approach? 

1.3.2 Objectives 

 To investigate whether using the CPA approach improves Grade 7 learners’ 

conceptual understanding of fractions. 

 To determine the change in learners’ conceptual understanding of fractions after 

being taught using the CPA approach. 

1.3.3 Hypotheses 

H0: There is no significant difference between learners’ pre-test and post-test scores of 

fractions. 

H1: There is a significant difference between learners’ pre-test and post-test scores of 

fractions. 

1.4 OVERVIEW OF THE CHAPTERS 

This dissertation is structured in the following manner: 
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Chapter one provides a general introduction and background information on the 

research, along with the reason and justification for the investigation, its goals and 

objectives, the research questions, and the underlying hypothesis. It also details the 

methodology used to address the research questions and accomplish the goals and 

objectives of the study. The methods employed to guarantee the validity and 

dependability of the study were also briefly reviewed. The chapter also covers the study's 

inherent limits, ethical issues, and vocabulary used in the basic context. 

Chapter two analyses the literature related to research topic, focusing on the 

understanding of Mathematics and fractions. It identifies causes of poor conceptual 

understanding, such as teacher training and ineffective methods, and offers insights into 

the challenges learners face. The chapter suggests strategies for teachers to enhance 

learners’ understanding of fractions, including visual aids, problem-solving activities, and 

the CPA approach. Finally, the chapter details research findings on the CPA approach, 

explaining its effectiveness in improving problem-solving skills, engagement, and 

knowledge retention, and highlighting its practical value in enhancing learning outcomes. 

Chapter three provides a comprehensive overview of the research design, emphasising 

the foundational research paradigm and the strategic approach employed in this study. It 

details the chosen methodology for the investigation, including the specific criteria for 

selecting the population and samples, ensuring representativeness and validity. The 

chapter illustrates the instruments utilized for data collection, such as surveys, interviews, 

or observational methods, and discusses their reliability and validity. 

Moreover, the chapter outlines the systematic processes of data gathering, including 

participant recruitment, data collection timelines, and the steps taken to ensure a 

conducive environment for participants. It further elaborates on the procedures for data 

analysis, specifying the analytical techniques used, whether quantitative, qualitative, or 

mixed methods, and how they align with the research questions. 

Finally, the chapter critically examines the credibility of the findings, addressing potential 

biases and the measures taken to ensure trustworthiness, such as triangulation or peer 

debriefing. Ethical considerations are also thoroughly discussed, covering informed 
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consent, confidentiality, and the overall ethical implications of the research process, thus 

reinforcing the integrity of the study. 

Chapter four offers a comprehensive analysis that delves into both quantitative and 

qualitative data collected during the research. It not only presents statistical figures and 

patterns but also explores the narratives and experiences that accompany these 

numbers. This section includes a detailed interpretation of the findings, highlighting 

significant trends, correlations, and anomalies. Additionally, it engages in a various 

discussion that connects the data to broader theoretical frameworks and practical 

implications, providing readers with a deeper understanding of the research topic. 

Chapter five provides a comprehensive summary of the study, thoroughly detailing the 

primary findings that emerged from the research. It articulates a clear and concise 

conclusion that summarises the overarching themes and insights derived from the data 

analysis. Furthermore, the chapter offers targeted recommendations for a diverse range 

of stakeholders in the education sector, including educators, administrators, 

policymakers, and researchers.  

1.5 CHAPTER SUMMARY 

  

This chapter provides an in-depth exploration of the motivations and rationale underlying 

the study, particularly concerning the challenges learners face in developing a solid 

conceptual understanding of common fractions in primary education. It articulates the 

specific objectives of the study and introduces two key research questions aimed at 

investigating this issue. To ensure comprehensive responses, the methodology and 

design have been thoroughly crafted, incorporating both qualitative and quantitative 

approaches. Additionally, the chapter addresses the ethical considerations undertaken 

during the research process, ensuring the well-being and integrity of participants. Finally, 

it outlines the potential contributions of the study, highlighting how the findings may inform 

educational practices and curriculum development in teaching fractions. 
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CHAPTER TWO 

THEORETICAL FRAMEWORK AND LITERATURE REVIEW 

2.1 INTRODUCTION 

This chapter offers a detailed analysis of the literature relevant to the research topic. It 

starts with presenting the theoretical framework which guided the study by delving into 

various critical concepts, including the conceptual understanding of Mathematics and 

fractions and their constructs. By examining these concepts, the chapter provides a 

comprehensive understanding of how to improve learners’ learning in these areas. 

Moreover, the chapter explores various sources and possible causes of poor conceptual 

understanding of Mathematics and fractions, providing valuable insights into the 

challenges learners may face in these areas. It considers factors such as teacher training, 

ineffective teaching methods, and the cognitive load theory to present a more holistic 

understanding of the problem.  

In addition, the chapter presents a variety of potential strategies that teachers can use to 

help learners improve their conceptual understanding of fractions. These strategies 

include visual representations, problem-solving activities, and the CPA. Furthermore, the 

chapter highlights effective approaches that have been shown to work in practice, 

including manipulatives, peer learning, and teacher collaboration. Finally, the research 

findings on the CPA in Mathematics are presented in detail. The chapter offers a thorough 

explanation of how the CPA approach works and its effectiveness in enhancing learners’ 

conceptual understanding of mathematical concepts. It provides critical insights into the 

approach’s practical benefits, such as improved problem-solving skills, increased 

engagement, and greater knowledge retention, thereby underscoring the real-world value 

of the CPA approach in improving learning outcomes. 

2.2 THEORETICAL FRAMEWORK 

Mathematics can be a potent tool when taught with a focus on understanding, mainly 

conceptual understanding. In this context, teachers assume a pivotal role. They are not 
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just knowledge providers but also need to be adept at identifying and addressing errors 

and misconceptions that learners demonstrate, as these can significantly impede 

conceptual understanding.  

Conceptual understanding theory as it relates to fractions.  

 

The study is underpinned by the conceptual understanding theory (Kilpatrick et al., 2001), 

which is a theoretical framework rooted in cognitive constructivism. The theory aims to 

explain the nature of mathematical understanding and how it is acquired. Kilpatrick et al. 

(2001) developed five strands to capture what they believe is necessary for anyone to 

learn Mathematics successfully and, in doing so, become proficient. These strands are:  

 

 Conceptual understanding-refers to the comprehension of mathematical 

concepts, operations, and relations.  

 Procedural fluency - the skill of flexibly, accurately, efficiently, and appropriately 

carrying out procedures.  

 Strategic competence - the ability to formulate, represent, and solve 

mathematical problems.  

 Adaptive reasoning -the capacity for logical thought, reflection, explanation, and 

justification.  

 Productive disposition—the habitual inclination to see Mathematics as sensible, 

practical, and worthwhile, coupled with a belief in diligence and one’s efficacy.  
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Figure 1: Intertwined strands of mathematical proficiency 

 

These strands depend on each other; they are interwoven in the development of 

proficiency in Mathematics (Kilpatrick et al., 2001). Conceptual understanding is one of 

five intertwined strands of mathematical proficiency chosen to capture what it means for 

learners to learn Mathematics successfully. Learners with conceptual understanding 

know more than isolated facts and methods because facts and methods learnt with 

understanding are connected, more accessible to remember and use, and can be 

reconstructed when forgotten (Kilpatrick et al., 2001). Yulian and Wahyudin (2018) define 

conceptual understanding as a learner’s mastery of concepts, operations, and 

mathematical relationships. To assess this understanding, learner’s should be able to: (a) 

restate learnt concepts, (b) classify objects based on criteria, (c) provide examples and 

non-examples, (d) represent concepts in various mathematical forms, (e) connect 

concepts, and (f) develop necessary conditions for a concept. Altarawneh and Marei 

(2021) define conceptual understanding as the ability to build and connect mathematical 

knowledge to prior experiences, applying it in new contexts. This includes understanding 

concepts and understanding interrelations in Mathematics. Additionally, Shteiwi et al. 

(2019) describe conceptual understanding as the ability to fully understand mathematical 

ideas, represent them in multiple ways, relate them to relevant procedures, and assess 
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their interconnections accurately. It also includes the effective and quick use of 

mathematical symbols, enabling flexibility and fluency in problem-solving. Kilpatrick et al., 

(2001) define conceptual understanding as the ability to comprehend mathematical ideas 

as a cohesive and functional system. Furthermore, the theory identifies three crucial 

components of conceptual understanding: comprehension, operations, and relations.  

2.2.3.1 Comprehension 

Comprehension of Mathematics refers to the ability to understand and interpret 

mathematical concepts, problems, and solutions (Kilpatrick et al., 2001). Conceptual 

understanding of fractions involves understanding the concept of a fraction as an 

interrelated construct, namely; part-whole, ratio, operator, quotient, and measure 

(Getenet & Callingham, 2017). The part-whole construct entails splitting an object into 

two or more equal parts (
3

5
 ), three parts were taken from a whole that has been partitioned 

into five equal parts) (Ubah, 2018). This construct helps learners answer the questions 

“how much?” and “out of” relationships. Ratio concepts entail the comparison of two 

multiplicative and relative quantities (The ratio of cats to pets at the pet store is 3:8). The 

operator builds on the concept that a fraction can be a multiple of a unit fraction, for 

example, 3/4  of 30 kilometres. In this case, fractions challenge the whole number concept 

that multiplication always enlarges, and division reduces. For instance, 12×3/4=9 and 

12÷3/4=16. According to Lamon (2012), quotient defines fractions as a result of division 

(a/b   is equivalent to a÷b). With quotient interpretation, learners know that if 3 chocolates 

are shared equally among 4 friends, each person will receive 3/4 pieces of the chocolates, 

which can further be represented as a decimal and percentage. The measure construct 

of fractions is identifying length and then using that length as a measurement unit to 

determine the length of an object (Van de Walle et al., 2020). For example, fraction 9/10 

uses fraction 1/10 as the unit to measure that it takes nine of those units to reach to 9/10 

on a number line (9/10 is 9 times 1/10).”  

2.2.3.2 Fraction operations   

 

The ability to perform operations with fractions, including addition, subtraction, 

multiplication, and division, is critical for problem-solving in real-world scenarios. 
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Research has shown that learners often struggle with fraction operations due to a lack of 

conceptual understanding and the prevalence of procedural knowledge over conceptual 

knowledge (Burr et al., 2024; Purnomo et al., 2022; Purnomo et al., 2019). According to 

Burr et al. (2024), one of the main challenges in teaching fraction operations is the 

prevalence of procedural knowledge at the expense of conceptual understanding. As a 

result, learners often master the procedures for performing fraction operations without 

fully understanding the underlying concepts. This gap can create difficulties when they 

encounter novel or complex situations that require the application of these operations.  

The alignment of mathematical concepts with real-world meanings is essential for 

effective learning. Ubah and Bansilal (2018) emphasise that when problem situations and 

mathematical relations are consistent, learners are better equipped to understand and 

apply fraction operations. Conversely, a mismatch between the two can cause learners 

to struggle to see the relevance of fraction operations, ultimately leading to poor 

performance (Kim & Chang, 2024; Purnomo et al., 2022).  

Research has suggested several ways to enhance the use of operations on fractions. 

Context-based learning, which introduces fraction operations through real-world 

problems, enables learners to appreciate the relevance of these concepts. By utilising 

meaningful scenarios, educators can deepen learners’ understanding and alleviate 

Mathematics anxiety, ultimately enhancing their confidence in solving fraction-related 

issues (Kim & Chang, 2024; Purnomo et al., 2022; Purnomo et al., 2019; Burr et al., 2024). 

Moreover, visual and graphical representations can play a significant role in supporting 

learners’ understanding of fraction operations. For example, the use of visual models can 

help learners visualise the relationships between different quantities and operations, 

making abstract concepts more concrete (Kim & Chang, 2024; Wahyu et al., 2020). 

However, the effectiveness of these representations depends on their alignment with the 

mathematical concepts being taught (Kim & Chang, 2024). 

2.2.3.3 Connections between mathematical ideas 

Connections refer to various ways in which different mathematical ideas or objects can 

be related to or linked to each other (de Gamboa et al., 2023). According to Mills (2016), 

connections in fractions refer to the ability to see the connection between fraction 
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interpretations (constructs) and representations (models) and the inter-relationship 

between the constructs. The interconnected nature of these constructs and models 

implies that teaching one often necessitates addressing others at the same time (Getenet 

& Callingham, 2021; Yearly & Bruce, 2014).Van de Walle et al. (2020) highlight that 

models such as visuals and concrete objects build a solid conceptual understanding of 

fractions because they help learners build connections and experience fractions in real 

contexts that are familiar to them. Models such as area (part of a region related to the 

whole), length (a subdivision of a length or usage of a number line) and set (discrete items 

in a whole set) provide learners with the ability to make connections with fraction 

constructs. For example, a group of learners is presented with a question about which car 

was the fastest in a race. Those with a good connection of fractions will be able to 

immediately recognise that the number line is a more appropriate model to use than the 

fraction circle model. This is because the number line is better suited for measuring speed 

and distance, while the fraction circle model is designed for representing parts of a whole. 

Similarly, when asked about the number of red marbles in a jar, learners with a good 

understanding of Mathematics must be able to draw connections between the part-whole 

construct and set models. They must determine how many marbles are in the jar and then 

identify how many are red. This requires the ability to visualise the concept of a set and 

its individual parts and distinguish between the whole and its parts. By doing so, they will 

be able to arrive at the correct answer.  

Teachers play a crucial role in connecting fraction constructs and models (Getenet & 

Callingham, 2021). They must not only choose appropriate models for each construct, 

but also guide learners in making connections between different representations. For 

example, a teacher might use area models to introduce the part-whole construct and then 

transition to linear models to explore the measure construct. By explicitly connecting 

these models, teachers can help learners develop a cohesive understanding of 

fractions (Yearly & Bruce, 2014). 

 

2.2.1 Conceptual understanding in mathematics 

Conceptual understanding in Mathematics refers to a profound and comprehensive 

understanding of the subject's underlying concepts, principles, and relationships (Crooks 
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and Alibali, 2014). This level of understanding transcends the mere memorisation of 

procedures and formulas; it encompasses the ability to flexibly apply mathematical ideas 

in various contexts, analyse complex problems, establish connections between different 

mathematical concepts, and articulate reasoning clearly. Such a solid understanding 

enables learners to think critically, tackle complex problems, and effectively transfer their 

knowledge to new and unfamiliar situations, thus fostering a more holistic and in-depth 

appreciation of Mathematics. 

According to the Mathematics Teaching and Learning Framework for South Africa (2018), 

facilitating conceptual understanding requires engaging with real-life problems from a 

foundation phase primary Mathematics. This approach empowers learners to relate their 

mathematical knowledge to practical situations, enhancing their ability to apply what they 

have learned in diverse contexts. Conceptual understanding extends beyond simple 

procedural knowledge, which may allow learners to solve specific problems but does not 

equip them fully to understand the underlying principles (Ghazali & Zakaria, 2011). 

Instead, it emphasises the cultivation of an intuitive understanding of mathematical 

concepts; recognising their properties, relationships, and how they interconnect within the 

broader framework of mathematics. 

Crooks and Alibali (2014) identified six primary types of conceptual understanding: 

connection knowledge (understanding relationships between concepts), general principle 

knowledge (understanding overarching mathematical truths), knowledge of the principles 

underlying procedures (comprehending why certain methods work), category knowledge 

(recognising different types of mathematical entities), symbol knowledge (understanding 

the meanings of mathematical symbols), and domain structure knowledge (apprehending 

the overall organisation of concepts within a mathematical domain).  

Additionally, conceptual knowledge involves understanding the intricate relationships and 

connections within a given subject area. Definitions regarding these relationships may 

vary. For example, according to  Hiebert and Lefevre (1986), this relationship is focusing 

on the connections among mathematical ideas themselves, while others, like Dixon and 

Moore (1990), emphasise the relationships between symbols and numbers. Eventually, 
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developing a deep conceptual understanding equips learners with the tools necessary to 

navigate the complexities of mathematics and apply their knowledge in meaningful ways. 

According to Makhrus et al. (2021), conceptual understanding serves as the essential 

foundation for effective pedagogical practices in Mathematics education. This 

foundational understanding is characterised by learners not only understanding 

mathematical concepts but also developing the skills to apply these concepts in a variety 

of contexts. Research indicates that learners who demonstrate a strong understanding of 

a specific mathematical concept are more likely to acquire the competencies necessary 

to tackle problems directly related to that concept, as well as to navigate supplementary 

challenges that may arise in broader mathematical contexts (Makhrus et al., 2021). 

Furthermore, Sari and Haji (2021) argue that conceptual understanding entails a 

multifaceted mastery of the various mathematical ideas being studied. This includes the 

ability to articulate and clarify these concepts in ways that make them accessible and 

understandable to peers, thus promoting collaborative learning and deeper engagement. 

Similarly, Asfar and Asfar (2020) assert that achieving true mastery over mathematical 

concepts pivots on learners’ thorough internalisation and understanding of these 

concepts. This perspective suggests that rote memorisation is insufficient; instead, 

learners must connect new knowledge with prior knowledge to foster deeper insights and 

retain information. 

Reinforcing Asfar and Asfar's claims, Susilawati et al. (2020) emphasise that acquiring an 

in-depth understanding of scientific materials, including mathematical concepts, is 

fundamentally crucial for developing the essential skills learners need to be proficient in 

both academic and real-world applications. A profound understanding of any given 

concept indicates that the learner is proficient in engaging in both creative and critical 

thinking related to that concept, which subsequently enhances their problem-solving 

capabilities. This level of understanding equips learners to address not only the 

challenges directly linked to that concept but also those that extend beyond it, thereby 

fostering a more versatile and adaptable approach to learning (Makhrus et al., 2021). 



17 
 

Makhrus et al. (2021) add that a learner’s capacity to clearly identify and meaningfully 

connect their pre-existing knowledge with newly acquired information serves as a crucial 

measure of their conceptual understanding. This ability also reflects their overall capability 

to effectively use that connection to thoroughly master various scientific laws, theories, 

and principles across different contexts. The body of literature presents a compelling 

argument that mastering any specific topic logically requires a thorough and nuanced 

understanding of that topic, encompassing both theoretical and practical aspects. To 

evaluate whether learners have effectively achieved mastery of the material, Primanda et 

al. (2018) offer a range of indicators of conceptual understanding that educators can apply 

to illustrate a learner's solid comprehension of a specific subject matter. Specifically, 

Makhrus et al. (2021) emphasise that for learners to effectively communicate their 

understanding of a scientific topic or concept, they must demonstrate competency in five 

key areas: (i) interpretation of data and concepts, (ii) classification of various elements 

based on scientific criteria, (iii) inference drawn from observations and experiments, (iv) 

comparison of different scientific phenomena or principles, and (v) clear and coherent 

explanation of the content and its relevance. These indicators closely resonate with those 

outlined by Primanda et al. (2018), thereby further strengthening the framework for 

systematically assessing learners’ understanding of complex scientific concepts and their 

interrelationships. 

Procedural knowledge is defined as the knowledge of sequences of steps or actions that 

can be used to solve problems (Rittle-Johnson & Siegler, 2014). The intricate and 

multifaceted nature of the relationship between conceptual understanding and procedural 

knowledge in the field of Mathematics is a topic of great complexity. The DBE adopted 

Kilpatrick et al.’s five strands of mathematical proficiency to produce The Mathematics 

Teaching and Learning Framework for South Africa (2018). The framework aims to yield 

the intended outcomes of South Africa’s education policies and curricula. Additionally, the 

need for conceptual understanding in Mathematics learning is emphasised by this 

framework (2018), which states that learning Mathematics requires three types of 

knowledge: factual, procedural, and conceptual knowledge. Furthermore, through the 

framework, foundation, intermediate and senior phases, conceptual understanding is 
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enhanced through the manipulation of concrete objects. This concrete activity builds up 

learners’ conceptual understanding of numbers and operations.   

Mutawah et al. (2019) emphasise the strong correlation between the understanding of 

fundamental concepts and the refinement of problem-solving competencies. This 

suggests that a profound conceptual understanding can markedly enhance learners’ 

capacity to employ procedural knowledge in the resolution of mathematical challenges. 

Hallett et al. (2010) observe that learners who prioritise the attainment of conceptual 

understanding may enjoy a competitive edge over those who predominantly depend on 

procedural knowledge. Conversely, Gilmore et al. (2017) discovered that the levels of 

conceptual understanding and working memory moderated the association between 

procedural proficiency and mathematical achievement. Furthermore, they argue that 

learners exhibiting equivalent levels of overall mathematical success demonstrate varying 

strengths and weaknesses in procedural skills, conceptual understanding, and working 

memory. Irrespective of whether conceptual understanding or procedural knowledge is 

deemed superior, it is evident that researchers have established that both are essential 

for success in mathematics.  

Chirove and Ogbonnaya (2021) investigated the relationship between procedural and 

conceptual knowledge of algebra among Grade 11 learners in South Africa. The findings 

indicate that learners possess low levels of both procedural and conceptual knowledge, 

with procedural knowledge being somewhat stronger. A moderate positive linear 

relationship was observed between these two types of knowledge, suggesting that 

improvements in one area could lead to gains in the other . The research highlights the 

need for teaching strategies that prioritise the development of conceptual understanding 

in algebra. It is posited that attaining a balance between conceptual and procedural 

understanding, along with emphasising their interrelations, is crucial for a comprehensive 

understanding of mathematics. Nevertheless, this ideal perspective faces several 

challenges. While in certain contexts, there is a greater emphasis on conceptual 

understanding as opposed to procedural knowledge, the latter has often been achieved 

predominantly due to poor teaching methodologies (Manandhar et al., 2022; Fakhraddin, 

2022). For example, mathematics curricula in the United States have historically 
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prioritised instructing learners in problem-solving procedures, with reduced focus on 

imparting the conceptual understanding of the skills being taught (Stigler & Hiebert, 1999). 

The existing literature set out several avenues through which conceptual knowledge can 

be advantageous. Numerous reported benefits are intrinsically linked to procedural skills. 

For instance, it has been evidenced that conceptual understanding help learners  in 

discerning which procedural approach is appropriate for a specific context (Star, 2005; 

Byrnes & Wasik, 1991; Carr et al., 1994; Garofalo & Lester, 1985; Greeno, 1978; 

Schneider & Stern, 2010). Conceptual understanding fosters an increase in problem-

solving adaptability. Learners who comprehend the fundamental concepts underlying a 

particular procedure are more likely to apply it effectively to unfamiliar problem situations 

(Ramirez et al., 2015). 

Following the resolution of a mathematical problem, conceptual understanding can be 

leveraged to assess the logicality and validity of the proposed solution (Garofalo & Lester, 

1985). Research indicates that this type of understanding transcends mere problem-

solving; for example, Machaba and Malatjie (2019) argue that a solid understanding of 

concepts not only enhances procedural fluency but also empowers learners to perform 

calculations and transformations with increased confidence and precision. This fluency is 

crucial, as it allows learners to tackle various mathematical operations seamlessly. 

Furthermore, a strong conceptual foundation encourages abstract thinking, enabling 

learners to engage in both inductive and deductive reasoning when addressing complex 

mathematical challenges. This ability to reason abstractly is vital for understanding 

advanced mathematical concepts and for making connections between different areas of 

mathematics. 

In addition, Mosimege (2018) notes that fostering conceptual understanding cultivates 

critical thinking and strong problem-solving skills. As learners engage with mathematical 

concepts, they are encouraged to analyse problems from multiple perspectives and 

develop innovative solutions, thereby enriching their overall mathematical experience. As 

such, it is widely acknowledged among educators and researchers that conceptual 

understanding plays a central role in the learning of mathematics(Ncube & Luneta,2025). 

However, despite the growing movement within both educational research and practice 
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to prioritise conceptual understanding alongside procedural knowledge, numerous 

obstacles remain. These include curriculum limitations, assessment challenges, and 

varying degrees of teacher preparedness to effectively implement this pedagogical 

approach in classrooms(de Jager, 2017). Addressing these barriers is essential for 

fostering a more comprehensive understanding of mathematics among learners at all 

levels. One major challenge for researchers is that there does not appear to be a clear 

consensus in the literature regarding conceptual understanding and how best to measure 

it. Conceptual understanding has come to denote a wide array of constructs, making it 

difficult to understand the major findings in the field, how conceptual knowledge relates 

to procedural knowledge and the most effective ways to utilise current research to guide 

instructional practices (Crooks & Alibali, 2014). 

Moreover, it is contended that errors in computations arise due to a deficient foundation 

of conceptual understanding. The process of imbuing computations (procedures) with 

meaning is achieved by establishing connections between mathematical symbols and 

tangible entities such as base blocks, thereby enhancing the comprehensibility of 

mathematical operations. Additionally, it has been posited that enhancing learners’ 

conceptual repertoire will equip them with the capacity to identify procedural errors 

(Hiebert ,1987). For example, it has been suggested that learners with a high conceptual 

knowledge of fractions would detect the error of simply adding numerators and 

denominators and correct themselves because they would notice that the initial answer 

is a smaller amount than one of the addends; with increasing conceptual knowledge, 

learners are said to retrieve both procedural algorithms and conceptual understanding in 

the course of solving a procedural problem. This analysis suggests that conceptual 

understanding is both necessary and sufficient for the correct use of procedures; if high 

levels of conceptual knowledge exist, procedures will be performed correctly. If 

conceptual knowledge is low, procedures are performed incorrectly.  

According to Inhelder and Piaget (1958), there is a difference between conceptual and 

procedural knowledge but the authors argued that conceptual knowledge is often 

enriched when learners attempt to understand the results of procedures. Although 

conceptual knowledge makes the construction of new procedures possible, applying 
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procedures occasionally produces outcomes that must be explained. In attempting to 

describe such outcomes, one’s conceptual knowledge becomes enriched. Thus, 

conceptual and procedural knowledge affect each other diachronically and not 

synchronically. Numerous studies have demonstrated that the knowledge of a variety of 

solution strategies is associated with a deeper conceptual understanding of how these 

strategies are used (Baroody, 2003; Heinze, Star, & Verschaffel, 2009; Siegler, 1994; 

Verschaffel et al., 2009). 

Rittle-Johnson et al. (2015) investigated into the relationship between learners' 

understanding of mathematical equivalence and their approaches to solving equivalence 

problems. The findings revealed a significant causal link between conceptual knowledge, 

defined as an understanding of mathematical principles and relationships, and procedural 

knowledge, which refers to the ability to execute mathematical procedures. This research 

indicates that a strong understanding of mathematical concepts may profoundly influence 

learners' procedural capabilities, suggesting that a strong conceptual foundation could 

lead to more effective problem-solving strategies. 

 

Further extending this line of inquiry, Bartell et al. (2013) assessed the competencies of 

Prospective Student Teachers (PSTs) in recognising indicators of learners' conceptual 

understanding in Mathematics within three specific content areas: arithmetic, algebra, and 

geometry. Their study compared PSTs' abilities before and after they underwent an 

instructional intervention designed to enhance their skills in this area. Notably, the results 

showed that possessing strong content knowledge in mathematics did not necessarily 

equip PSTs to accurately evaluate learners’ procedural answers. Many PSTs, despite 

their solid understanding of mathematical concepts, initially misinterpreted procedural 

responses as clear evidence of conceptual understanding, highlighting a critical 

disconnect between content knowledge and pedagogical reasoning. Moreover, the tasks 

created to evaluate conceptual knowledge often failed to align coherently with established 

theoretical frameworks regarding mathematical understanding. This misalignment raises 

important questions about the effectiveness of assessment tools in accurately capturing 

students' conceptual understanding and complicates the broader interpretation of how 

conceptual knowledge develops in learners. 



22 
 

 

In response to these complexities, Crooks et al. (2014) introduced a systematic 

framework that categorises conceptual understanding into two distinct components: 

knowledge of general mathematical principles and knowledge of the specific underlying 

principles that inform procedural methods. This dual categorisation underscores the 

multifaceted nature of conceptual understanding. 

 

Ultimately, success in Mathematics is influenced by various factors, including a learner’s 

domain-specific factual knowledge, procedural skills, conceptual understanding, and 

domain-general executive functioning abilities, such as working memory and cognitive 

flexibility. Specifically, working memory plays an indirect yet crucial role in Mathematics 

achievement by supporting the acquisition of factual knowledge and procedural skills, 

and, to a lesser extent, contributing to the development of conceptual understanding. This 

interplay among these elements highlights the importance of a holistic approach to 

teaching and assessing Mathematics in educational settings. 

2.2.2 The  fraction concept 

A conceptual understanding of fractions should begin with different ways fractions could 

be represented. One of the most popular ways of representing fractions is part-whole. 

However, numerous scholars who research fractions believe that learners can better 

enhance their understanding of fractions by emphasising other meanings of fractions 

(DeWolf & Vosniadou, 2015; Cramer Kathleen et al., 2015). The following are five ways 

in which the concept of fractions can be interpreted: 

 Part-whole. This refers to a whole being divided into equal parts. The simple way 

to understand part-whole interpretation is understanding partitioning. Partitioning 

is sectioning a shape into equal-sized parts(Fisher,2009).  Clarke et al. (2008) 

further clarify that this interpretation depends on the ability to partition either a 

continuous quantity (including area, length, and volume models) or a set of discrete 

objects into equal-sized subparts or sets. It is also important to note that this 

interpretation is stressed in the CAPS Mathematics document for the foundation 

phase, precisely in grade 3.  When a pizza has been partitioned into six equal 
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parts, the parts are called sixths. In many instances, learners see or learn about 

fractions with already partitioned models. Since young children are used to the 

idea of fairly sharing items among their friends, classmates or family members, the 

sharing task presents a vital early developmental stage of fraction conception 

(Siegler et al., 2010). Sharing tasks allows learners to develop an early fraction 

conception with a task that makes sense to them instead of already partitioned 

models imposed on them.  

 Measure- The measure construct of fractions identifies length and then uses that 

length as a measurement unit to determine the length of an object (Van de Walle 

et al., 2020). Therefore, this construct connects with the concept of linear 

measurement. For example, fraction 9/10 uses fraction 1/10 as the unit to measure 

that it takes nine of those units to reach to  9/10 on a number line (9/10  is nine 

times 1/10).  

 Ratio- According to Van de Walle et al. (2020), a ratio is a numerical expression 

that compares two distinct quantities or measures within a specific context through 

a multiplicative relationship. This conceptualisation of relationships emphasises 

the way in which these quantities change in relation to one another, contrasting 

with additive relationships, where the focus is primarily on the difference between 

the quantities.  To think in terms of ratios is to recognise and analyse the 

interconnectedness of two quantities, understanding how a change in one quantity 

affects the other. Ratios can be closely tied to fractions, as both represent 

relationships between numbers. However, it is crucial to appreciate the significant 

differences between the two. While fractions are expressed through a fraction bar 

(e.g., 1/2), ratios are often articulated using a colon (e.g., 1:2) or as a fraction, yet 

they convey comparative relationships rather than a single division.  

 For instance, consider the following scenarios “Is this a fraction, a ratio, or both?” 

By engaging with concrete examples, learners can better understanding the 

nuances that differentiate fractions from ratios, reinforcing their understanding of 

these essential mathematical concepts (Lobato et al., 2010). 

 

I. The ratio of boys to girls is 4/7. 
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II. The ratio of minibuses to taxis is 3/5 

III. Phuti walked four-sevenths of kilometre (4/7km) 

 

The ratio in the first example does not qualify as a fraction because fractions represent 

part-to-part relationships. In the second example, the ratio is part-to-whole and can be 

expressed as three-fifths of the vehicles being minibuses, making it both a ratio and a 

fraction. In the third example, this fraction indicates a length rather than a ratio, since it 

does not involve a multiplicative comparison. 

  

 Operator- The operator builds on the concept that a fraction can be a multiple of 

a unit fraction, for example 
3

4
  of 30 kilometres. In this case, fractions challenge the 

whole number concept that multiplication always enlarges and division reduces. 

For instance, 12 ×
3

4
= 9 and 12 ÷

3

4
= 16.  Unfortunately, according to Usiskin 

(2007), most curricula have not thoroughly emphasised this construct.  

 Division- It is common in secondary Mathematics to be comfortable with the 

conversion of ‘a over b’ meaning ‘a divided b’. 

That is, ab = a ÷ b. For example, the fraction two-thirds means 2 divided by 3. 

That is, 23 = 2 ÷ 3. We use this idea when we convert an improper fraction to a 

mixed numeral. For example, 7/4 = 7 ÷ 4 = 134. We also accept that a fraction 

expresses division when converting a fraction to a decimal. For example, 3/8 = 3 

÷ 8 = 0.375. Learners may be less inclined to consider alternative solutions, 

particularly when faced with practical, real-life challenges. For example, imagine a 

scenario in which they are asked to fairly distribute two chocolate bars among three 

students. In this case, would they instinctively conclude that each learner would 

receive two-thirds of a chocolate bar? The calculation 2 ÷ 3 = 2/3 illustrates this 

principle. Here, the fraction 2/3 emerges directly from the division operation, which 

gives us the quotient. This approach to understanding fractions is commonly 

known as the “quotient model.” This model emphasies the relationship between 

division and fractions, helping learners to more clearly understand how these 
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concepts are interconnected, and underscoring the importance of considering 

various mathematical perspectives when tackling problems. 

 

 2.4 LITERATURE REVIEW 

A literature review is a comprehensive and critical analysis of existing scholarly sources 

related to a specific research topic, serving multiple essential functions in the research 

process. It establishes familiarity with current knowledge, identifies gaps in the literature, 

and synthesises relevant information to provide context for new research endeavours 

(Samish, 2023; Hazari, 2023). Conducting a literature review involves systematically 

searching databases for peer-reviewed articles, books, and other scholarly works, and 

organising findings to highlight key themes and concepts (Jones, 2023). Ultimately, a 

well-executed literature review not only enhances the credibility of the research but also 

guides future studies by pinpointing areas requiring further exploration (Samish, 2023). 

2.4.1 The basic fraction concepts 

Fractions is an essential skill for learners to master as it forms the foundation for acquiring 

more advanced mathematical concepts, including algebra, geometry, and other aspects 

of higher Mathematics. The ability to understand fractions allows learners to solve 

complex problems involving proportions, ratios, and equations, which are crucial for 

success in higher-level Mathematics courses (Namkung & Fuchs, 2019; Makhubele, 

2021; Wiest & Amankonah, 2019). Hence, Idris and Narayanan(2011) argue that the 

concept of fractions is well-suited for primary-age learners and should not be deferred 

until the intermediate grades. Therefore, Idris and Narayanan (2019) advocate for the 

teaching of fractions at an earlier stage, so that learners can develop a deeper 

understanding of mathematical principles, thus empowering them for future educational 

pursuits. However, the concept of fractions can seem difficult to understand for some 

learners, and it is often considered a challenging topic to teach (Getenet, 2017). The 

pedagogy for teaching fractions is often viewed as complex, with many teachers 

struggling to find effective teaching methods or approaches that can help learners 

understand this mathematical concept (Ismael et al., 2024). According to Aksoy and 
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Yazlik (2017) and Syed Ismail et al. (2024) the challenges associated with teaching 

fractions can be attributed to the abstract nature of the concept, as well as the various 

mathematical operations involved in working with fractions. Furthermore, learners find 

fractions difficult and fail to find the inherent value; they see fractions as meaningless 

symbols (Makhubele, 2021).  

As outlined in CAPS (DBE, 2011), Grade 7 learners are required to develop proficiency 

in performing addition and subtraction with fractions, both involving similar and differing 

denominators. To achieve success in these mathematical operations, learners must 

possess a strong understanding of essential fraction concepts.  

Fundamental concepts include comprehending the definition of fractions, which represent 

parts of a whole, as well as recognising the various types of fractions, such as proper 

fractions, improper fractions, and mixed numbers (Moyo, 2021). In addition, learners 

should understand the significance of these mathematical constructs in real-life situations, 

as fractions are commonly encountered in contexts like cooking, budgeting, and 

measuring. 

Understanding how fractions are represented, including visual models such as fraction 

circles and number lines, is crucial for learners to collaborate effectively with them(Ubah, 

2021)Furthermore, mastering the skill of finding common denominators is necessary for 

adding and subtracting fractions with different denominators. This knowledge will enable 

students to manipulate fractions confidently and apply them in practical scenarios, 

ultimately building a solid foundation for more advanced mathematical concepts in the 

future. 

2.4.2 Definition of fractions  

Rothstein et al. (2006) define fraction as a word that originated from the Latin fractus, 

meaning ‘broken’. In the field of Mathematics, fractions serve the purpose of representing 

portions of a whole or a set of objects (Ubah & Bansilal, 2018). A fraction measures the 

number of parts of a specific size, such as half, eight-fifths, or three-quarters. It comprises 

two components: the numerator positioned above the fraction line and the denominator 

below it. The numerator denotes the quantity of parts under consideration, while the 
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denominator signifies the total number of equally divided parts composing the whole. 

Fractions may possess positive or negative values, typically presented as a division 

where the numerator is divided by the denominator. Crucial in diverse mathematical 

calculations, fractions play a foundational role in arithmetic and other mathematical 

disciplines. 

Fraction understanding is developmental in nature. Fraction conception should begin as 

early as grade R. According to the CAPS document (DBE,2011) learners in grade R-3 

should develop fraction concepts through solving problems involving the sharing of 

physical quantities and by using drawings. In other words, learners must partition (splitting 

the whole equally) shapes and refer to the fraction amounts as ‘equal shares’. 

Furthermore, the CAPS document emphasises that problems should include solutions 

that result in whole number remainders or fractions. Sharing should involve not only 

finding parts of wholes, but also finding parts of collections of objects. In this phase, 

learners are not expected to read or write fraction symbols. In the senior phase (Grade 

7-9), learners generally must describe and order fractions, calculate with fractions, solving 

problems with fractions and equivalent forms of common fractions. However, to be 

specific, in Grade 7, the expected skills and knowledge to be acquired are built from grade 

6(DBE,2011). In Grade 7, the study of fractions encompasses both common fractions and 

decimal fractions. Proficiency in common fractions involves the ability to perform 

calculations with fractions, use various calculation techniques, work with percentages, 

and solve problems in real-life contexts(DBE,2011). This emphasis over the years 

indicates how complex fractions are and the paramount importance of fractions. For this 

reason, learners need a vast amount of time and experience to develop a profound 

conceptual understanding of fractions. To add to the forthcoming argument, it is essential 

to explore numerous fractions constructs and different ways in which fractions could be 

represented or modelled. 

2.4.5 Language and notation when teaching fractions. 

Notation and language play crucial roles in the conceptual understanding of fractions. 

Teaching fractions effectively requires a nuanced approach to both language and 

notation, as evidenced by various studies. Saxe et al.,(2005) highlight that learners ' 
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understanding of part-whole relationships and their use of fraction notation develop 

somewhat independently, suggesting that instructional practices should build on learners 

existing thinking to foster normative notation use. Brizuela emphasises the importance of 

understanding young children's unique notational systems, advocating for a delay in 

introducing conventional notation until a solid conceptual foundation is 

established(Brizuela, 2006). Huinker(2010)further supports this by asserting that 

connecting real-world experiences with mathematical symbols is crucial for students to 

grasp the concept of fractions meaningfullyAdditionally, Hurst and Cordes(2016) reveal 

that adults process fractions, decimals, and whole numbers along an integrated mental 

continuum, indicating that a comprehensive understanding of notation can enhance 

cognitive development in mathematics. Thus, a balanced focus on both language and 

notation is essential in fraction education. 

Mathematical verbal skills, such as vocabulary and transcoding, are critical predictors of 

learners’ abilities to understand and manipulate fractions (Park & Matthews, 2024). 

Moreover, effective Mathematics instruction emphasises the development of both 

conceptual understanding and procedural fluency, particularly in teaching equivalence of 

fractions (Nance, 2018). Park et al. (2023) find that learners who use English as their 

home language may excel when the numerator is emphasised, while learners who are 

Korean speakers may perform better when the denominator is highlighted. The research 

highlights the relationship between language and fraction notation in learners. Starling-

Alves et al. (2024) identified several types of errors associated with the transcoding of 

fractions, categorising them as syntactic, lexical, and combined errors. Syntactic errors 

occur when the numerator and denominator values are accurate, but the notation is 

incorrect (e.g., using “12th” instead of “1/2”). In contrast, lexical errors involve the use of 

incorrect numerals while maintaining correct notation (e.g., representing “1/2” as “⅓”). 

This indicates that language comprehension significantly influences how learners write 

fractions.  

 

According to Bossé (2018), language plays a crucial role in learning, as demonstrated in 

studies focusing on a sixth-grade learner’s understanding of fraction multiplication, 

highlighting everyday language’s importance in mathematical sense-making. The 
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conventional representation of fractions, which involves a numerator placed above a 

denominator and separated by a horizontal line, is a standard mathematical notation that 

can pose challenges for young learners in the foundation phase. According to Van de 

Walle et al. (2020), an effective approach to teaching fractions is to initially employ verbal 

expressions such as "one-fourth" as opposed to numerical symbols like "1/4". This 

strategy, they assert, provides learners with an opportunity to develop an understanding 

of fractions as divisions of a whole without the added complexity of deciphering symbolic 

representations. Although using words or contextual problems is highly recommended, 

some scholars warn that incorrect terminology or mathematical language may plant 

misconceptions that learners may carry to higher grades (Mulwa, 2015). This suggests 

that early exposure to mathematical language is crucial in developing numeracy skills. 

Consequently, these early numeracy skills significantly impact later literacy skills. This 

suggests that mathematical language may be a complex aspect contributing to the 

significant variance in later literacy skills. It is essential to explore the relationship between 

language and Mathematics development. On the other hand, it is also crucial to 

investigate how Mathematics capabilities, such as numerical reasoning and problem-

solving, may influence language development. By gaining a better understanding of the 

interplay between language and Mathematics, we can improve education strategies and 

interventions to promote holistic learning and development in learners (Bal et al., 2022).   

2.4.6 Senior phase common fractions 

In the CAPS document, Figure 2 outlines the expected skills and outcomes related to 

common fractions. It is noteworthy that Grade 7 plays a fundamental role as it forms the 

basis for all three grades. 
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Figure 2: CAPS document mathematics senior phase (7-9), ( page 17 & 18 

According to the CAPS (2011) document, in Grade 7, learners consolidate their 

understanding of fractions and calculation techniques developed in the Intermediate 

Phase. They should perform context-free calculations and solve contextual problems 

without needing to know the rules for simplifying fractions or converting between mixed 
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numbers and fractions. They should also understand when a fraction is equal to or greater 

than 1 and find the least common multiple (LCM) for adding and subtracting fractions with 

different denominators. To simplify fractions, they should identify common factors to 

ensure the fractions remain equivalent. For example, 
𝟑

𝟒
×

𝟐

𝟓
=

𝟔

𝟐𝟎
=

𝟑

𝟏𝟎
. Furthermore, 

according to CAPS, learners should understand that finding a ‘fraction of a whole number’ 

or ‘fraction of a fraction’ involves multiplying the fractions. When working with whole 

numbers, examples can yield whole numbers or fractions. Additionally, learners should 

express whole numbers as fractions when multiplying. For example, 
𝟒

𝟓
 𝒐𝒇  𝟐𝟎 =

𝟒

𝟓
×

𝟐𝟎

𝟏
=

𝟒

𝟏
×

𝟒

𝟏
= 𝟏𝟔 or 

𝟐

𝟑
 𝒐𝒇 

𝟕

𝟗
=

𝟐

𝟑
×

𝟕

𝟗
.  

Figure 2 also shows that learners are expected to solve problems in situations that involve 

common fractions and mixed numbers, focusing on practical applications such as 

grouping and sharing. This includes calculating fractions of whole numbers to determine 

portions in real-life scenarios. Emphasise problem-solving strategies that combine 

understanding of fractions with strategies for effective distribution and equitable sharing 

among groups, as well as finding the proper fractions of given quantities in various 

contexts. 

2.4.6.1 Learners’ difficulties in fraction operations 

 

As indicated in Figure 2, learners are expected to master the calculation of fractions skills. 

This emphasises the addition and subtraction of common fractions, including both proper 

and improper fractions, as well as mixed numbers. The focus is on fractions that share 

the same denominator or where one denominator is a multiple of another. Learners 

should do context-free calculations and solve problems in contexts.  Lowest Common 

Multiple (LCM) must be found when adding and subtracting fractions of different 

denominators. Here, learners use their knowledge of common multiples to find the LCM, 

i.e. what number can both denominators be divided into. Equally important, without a solid 

conceptual understanding of key mathematical principles, such as the significance of 

equivalence, the process of estimation, the role of unit fractions, and the part-whole 

relationships, learners face significant challenges when attempting to perform 
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calculations involving fractions. Furthermore, Bruce et al. (2014)  and Tadeu (2023) 

highlights that these foundational concepts are crucial, as they enable learners to 

understand the underlying methods of fraction operations. Without this understanding, 

learners may struggle not only with performing calculations accurately but also with 

applying these skills in real-world contexts, leading to gaps in their overall mathematical 

proficiency. However, research on the calculation of fractions has identified key 

challenges. Learners often encounter challenges when it comes to adding and subtracting 

fractions (Triwahyuningtyas et al., 2022). Learners often encounter difficulties in 

understanding the step-by-step procedural knowledge associated with fraction 

operations, notably addition and subtraction. This challenge is strongly interconnected 

with their inadequate foundational understanding of the meaning and conceptual 

understanding of fractions. These difficulties can stem from struggles in fully 

understanding the concept, a lack of the necessary foundational knowledge of 

multiplication, and facing complex problem-solving tasks. Furthermore, the challenges 

that learners face when adding and subtracting fractions are interconnected with their 

broader struggles in comprehending fractions as a whole or the so-called whole-number 

bias. Research findings suggest that these difficulties are rooted in the intricate nature of 

the concept of fractions and the teaching approaches employed while they are teaching 

common fractions. Additionally, low motivation and interest in Mathematics can further 

worsen these challenges (Oktasari et al., 2022).  

 

According to Trivena et al. (2017) revealed that Grade 5 learners often encounter 

difficulties when performing addition and subtraction involving fractions with differing 

denominators, highlighting a widespread deficiency in their conceptual understanding of 

fraction operations, particularly addition and subtraction. Similarly, Dhlamini and Kibirige 

(2014) documented that Grade 9 learners exhibit greater challenges when adding 

algebraic fractions compared to simple numerical fractions. The researchers noted a 

tendency among these learners to commit errors and harbor misconceptions, attributable 

to their preference for shortcuts over the use of proper algorithmic procedures. The study 

further suggested that such errors and misconceptions in fraction addition often originate 

in the early stages of primary education. Thus ,these difficulties can significantly delay 
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learners' performance in formal evaluations. Charalambous et al. (2014) pointed out that 

learners frequently interpret fractions as two separate whole numbers; a numerator and 

a denominator, rather than as single, unified quantities, with misleading analogies 

reinforcing this misconception. Learners might incorrectly assume that fractions can be 

added or subtracted by combining numerators and denominators, possibly due to the 

analogy with the multiplication of fractions. Furthermore, the inherent complexity of 

fractions and their lack of explicit representation contribute to learners' challenges in 

understanding these concepts, often leading them to overlook fractions as mere divisions. 

Moreover, biases such as the whole-number bias, the direction-of-effects bias, and the 

variety of arithmetic strategies for distinct operations complicate fraction arithmetic, 

rendering it more complex and abstract for learners. Given that, competence in fraction 

calculations is fundermental for future mathematical proficiency and practical everyday 

life (Torbeyns et al., 2015), it is crucial to explore effective methods to support learners in 

overcoming these hurdles. 

2.4.6.2 Solving fraction word problems. 

Word problems are an integral component of Mathematics education across the globe. 

They involve presenting a real-world scenario that necessitates mathematical modelling. 

In the Netherlands, these problems play a pivotal role in modern Mathematics education 

(Hickendorff, 2022)Word problems are highly beneficial for learners for several reasons. 

Firstly, the realistic situations presented in word problems can be extremely motivational 

for learners, as they can relate the mathematical concepts to real-life scenarios. Secondly, 

word problems can be used as a starting point in instruction for mathematical modelling. 

This process involves transitioning from concrete, real-life situations to abstract symbolic 

mathematical problems, allowing learners to understand the practical application of 

mathematical concepts. Additionally, word problems provide learners with valuable 

opportunities to practice and apply their mathematical knowledge and skills in real-life 

situations, which can enhance their understanding and retention of mathematical 

concepts (Verschaffel et al., 2020). The use of word problems can help address the 

challenges learners face with the concept of fractions (Moleko & Mosimege, 2021). The 

theoretical three-part division of fractions and the notion of fractions as divisions may be 

perceived as less theoretical and more comprehensible when the fraction pertains to a 
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practical scenario. To illustrate, the fraction 3/25 gains greater significance and loses 

some of its theoretical nature when it represents three pupils out of a total of 25 learners. 

Koedinger and Nathan (2004) postulated that the scenarios depicted in word problems 

could potentially serve as a mechanism for mitigating the inherent abstract nature of 

problems presented symbolically. Given that learners often struggle with the abstract 

nature of fraction arithmetic when presented symbolically, word problems may offer a 

viable solution to this issue. Additionally, their research revealed that learners were more 

proficient in error detection and avoidance while tackling word problems. For instance, 

learners demonstrated superior performance on decimal word problems compared to 

their symbolic equivalents, as the former discouraged erroneous addition or subtraction 

of dollars and cents. Moreover, misconceptions in fraction arithmetic, such as errors 

stemming from a tendency to prioritise whole numbers, could potentially be minimised by 

situating fraction arithmetic problems within a context that mirrors real-world scenarios. 

 

Despite the foregoing, word problems in fractions can be particularly challenging for both 

learners and teachers. Learners often encounter difficulties interpreting the questions, 

translating them into mathematical equations, identifying the appropriate operations, and 

providing thorough and accurate answers (Copur-Gencturk & Doleck, 2021). Based on 

the findings of Kusuma and Retnawati (2019), one could posit that the challenges faced 

by learners in solving mathematical word predicaments related to operations 

encompassing integers, fractions, and decimals stem from several factors: 1) obstacles 

encountered within the word problem itself, 2) learners’ struggles in understanding the 

essence of common fractions operations, 3) learners exhibiting inadequate numeracy 

skills, and 4) instances of inaccuracies. The errors that learners make when solving 

fraction word problems are predominantly related to calculation errors at the easy and 

medium difficulty levels. However, at challenging levels, errors in transformation and task 

understanding become more prevalent (Istiqomah & Prabawanto, 2019). Conversely, the 

strategic competence of teachers in solving fraction word problems is of utmost 

importance. This involves the development of valid strategies, the effective 

mathematisation of the problems, and the ability to arrive at correct answers (Nair & 

Puteh, 2019). Additionally, it has been observed that learners often face difficulties in 
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applying higher-order thinking skills when tackling fraction word problems. This highlights 

the necessity for implementing improved teaching approaches and additional support in 

this area.  

 

In conclusion, it can be argued that recognising and addressing these challenges and 

competencies is vital for advancing learners’ ability to solve fraction word problems 

effectively. Situating the concept of fraction arithmetic within realistic contexts has the 

potential to enhance learners’ problem-solving skills significantly (Mostert & Hickendorff, 

2023). Consequently, their ability to solve problems involving fractions is strengthened as 

they develop a deeper conceptual understanding of how fractions function in everyday 

situations. Copur-Gencturk and Doleck (2021) have reached a significant conclusion in 

their study, positing that the success of teachers in effectively solving word problems can 

be attributed to their strategies. This assertion sheds light on the crucial role played by 

teachers’ strategies in achieving success in this particular academic domain. Moreover, 

it highlights the importance of incorporating informal strategies and pictorial 

representations as practical tools in successfully resolving word problems. These findings 

underscore teachers’ need to adopt a multifaceted approach that integrates various 

strategies and visual aids to enhance their problem-solving capabilities significantly. 

2.5 Possible causes of poor conceptual understanding of fractions 

According to the literature, several factors contribute to a poor conceptual understanding 

of Mathematics. Ambiguous and inconsistent teaching and learning materials may inhibit 

learners from attaining the desired understanding as espoused by the curriculum. For this 

reason, learners end up with a vague form of understanding that they carry on to higher 

grades. Seah (2016) agrees that misconceptions and confusion in teaching materials and 

textbooks significantly contribute to poor conceptual understanding. According to  Ncube 

and Luneta(2025),  inadequate explanations or insufficient coverage of certain concepts 

could lead to misunderstandings and difficulties in conceptual understanding. Another 

factor is the lack of effective teaching strategies that cater to learners’ differences in 

learning modalities (Kadir Masalesi, 2022). Traditional teaching practices may not be 

suitable for all learners. However, incorporating various teaching and learning strategies 

that cater to different learning styles can improve conceptual understanding (Goncher et 
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al., 2016). Additionally, the absence of valuable data and effective instructions can delay 

the development and refinement of teaching approaches (Ross & Tronson, 2015). 

Providing appropriate support and instruction is challenging without clearly understanding 

how learners with special educational needs learn. Addressing misconceptions, using 

effective teaching strategies, and gathering valuable data is crucial for promoting a better 

conceptual understanding. 

2.5.1 Inadequate understanding of the fraction concept 

Among the numerous obstacles that impede the acquisition of proficiency in fractions, 

Baidoo (2019) identified conceptual understanding and procedural knowledge as pivotal 

factors in simplifying algebraic fractions. Furthermore, Makhubele (2021) contends that 

an inadequate understanding of fundamental fraction principles significantly hampers 

mastering fractions. The deficient comprehension of fraction concepts engenders many 

misunderstandings that learners carry into advanced levels of education. Additionally, this 

leads to a deficient and vague understanding of fractions from the early stages of 

education, wherein learners attempt to manipulate fractions without a solid foundation of 

understanding. 

Deringol (2019) described conceptual knowledge as the knowledge associated with 

fundamental ideas and relationships with a subject. Additionally, Trivena et al. (2017) 

suggested that a conceptual knowledge of fractions entails that learners show fractions 

as a magnitude, allowing learners to compare and sort fractions by size, while procedural 

understanding of fractions involves arithmetic operation skills, including addition and 

subtraction, multiplication, and division. Misconceptions of fractions arise from a poor 

conception of fractions in primary education. Researchers believe that adequate 

conceptual knowledge lays a strong foundation for any learning. However, Barbosa and 

Vale (2021) maintained that a conceptual understanding of the fraction remains deficient. 

Cendekiawaty and Sugiman (2020) cautioned that learners are more likely to memorise 

fractions than to understand the concept without this knowledge. One reason for this is 

that learners espouse whole number concepts to understand fractions, which 

subsequently leads to misconceptions about fractions due to the in-built differences 

between whole numbers and fractions (Namkung & Fuchs, 2019).  
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Learners find it difficult to conceive the difference between a whole number and a number 

that contains a numerator and denominator. Learners often treat the numerator and 

denominator as two whole numbers. This is evident in the addition or subtraction of 

fractions and a fraction comparison. This resonates with the findings of Gabriel et al. 

(2017), who found that learners perceive fractions as mere numerators and 

denominators. Despite this, Lee and Boyadzhiev (2020) highlighted the possibility of 

learners holding correct concepts and misconceptions while making mistakes or 

displaying misconceptions even though they have a valid concept, depending on the task. 

2.5.2 Whole number bias 

Gabriel et al. (2017) asserted that learners tend to believe that the property of whole 

numbers is similar to all numbers. This misconception or confusion inhibits the learning 

and mastery of fractions. Reinhold et al. (2020) pointed out that learners can be influenced 

by what is referred to as a natural number bias when they do not master the necessary 

conceptual change from natural numbers to fractions( e.g 
1

2
+

2

5
=

3

7
.).This natural number 

bias arises from the tendency to view fractions as a whole number plus a fraction, which 

can lead to the belief that larger numbers in fractions represent a greater magnitude. 

However, this belief is a common misconception among learners and can lead to 

difficulties understanding fractions’ actual value and meaning. Therefore, teachers need 

to help learners overcome this bias by providing them with appropriate instruction and 

activities that promote a deeper understanding of fractions. This is not necessarily the 

case, as the size of the number alone does not indicate its value in relation to the whole. 

In addition, learners often treat the numerator and denominator as separate components 

when working with fractions rather than recognising them as a single unit. Understanding 

that the numerator and denominator are part of a whole is essential to correctly 

interpreting and solving fraction problems.  

The whole-number bias is significantly influenced by the concrete nature of whole 

numbers and the contrary abstract nature of fractions. According to Namkung and Fuchs 

(2019), there is a phenomenon known as the whole-number bias that can make learning 

fractions challenging. However, they argued that understanding fractions is not entirely 

independent of understanding whole numbers. In fact, they suggested that some degree 



38 
 

of whole-number knowledge is essential to acquire a comprehensive understanding of 

fractions. In other words, without an understanding of whole numbers, it can be 

challenging to understand the concept of fractions. 

2.5.3 PEDAGOGIES USED FOR TEACHING FRACTIONS 

2.5.3.1 Models of teaching and learning fractions 

Several empirical findings and recommendations suggest how the learning and teaching 

of fractions could be enhanced. Lovemore et al. (2021) suggested incorporating music 

into Mathematics as an alternative method for illustrating fractions, moving beyond the 

conventional use of pizza or chocolate bars typically found in primary school instruction. 

They further argue that this offers teachers an additional strategy to draw on in 

representing fractions. Naidoo and Hajaree (2021) found that learners valued and 

enjoyed using technology-based tools during the teaching and learning of fractions. 

Furthermore, learners found this form of content delivery appealing and fun to learn 

fractions. However, despite several recommendations that point to the power of visual 

approaches, the fact remains that they are still rare in learners’ mathematical experiences 

and teachers’ practices (Barbosa & Vale, 2021). 

 

Visual representations and manipulatives may aid the understanding of these concepts 

by making them more concrete and more precise (Hunt et al., 2011). Using multiple 

representations is an effective strategy for teaching fractions. Exposing learners to 

various models, such as area and linear representations, helps them connect the part-

whole concept with measure. Research indicates that learners who use multiple 

representations develop better conceptual understanding and flexibility in solving fraction 

problems (Zhang et al., 2015; Ulusoy & Incikabi, 2019; Au & Matthews, 2017). According 

to Mazziotti et al. (2016), engaging learners with multiple models involves more than just 

presenting different representations; it requires learners to actively interact with and 

connect these models. For example, learners can use area models to visualise part-whole 

relationships and then transfer this understanding to linear models to see how fractions 

can be measured. This approach not only enhances conceptual understanding, but also 
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helps learners develop the ability to flexibly represent fractions in different contexts (Rau 

et al., 2009).  

 

The effectiveness of fraction models varies based on the construct being taught and a 

learner’s developmental level. Area and set models are usually better for introducing part-

whole relationships, while linear models work well for understanding fractions as 

measures. Several studies show that learners tend to perform better with area and set 

models due to their clear visual representations, although linear models, such as number 

lines, can be challenging for more advanced concepts (Wilkerson et al., 2015; Tunç-

Pekkan, 2015). Table 1.1 provides a glance at three commonly used models of fractions: 

area, length, and set.  The area model is the most common and advocated from the 

foundation phase because of its principle of sharing and partitioning. These models 

represent fractions as parts of a whole, often using shapes such as rectangles or circles. 

They are particularly effective for visualising part-whole relationships and comparing 

fractions (Tunç-Pekkan, 2015). Circular objects such as the pizza model are a great way 

that is commonly used to demonstrate the area model. Furthermore, Oktafiana et al. 

(2020) point out that the area model is most often presented to learners predominantly 

present in curriculum materials and textbooks. In the early stages of teaching fractions, 

the area model is very effective because it explains the part-whole concept of fractions, 

and the size is relatively equal. When using area models, fractions are represented by 

partitioning a specific area or shape into equal parts, with one or more of those parts 

shaded to indicate the fraction. This visual representation helps us understand the 

concept of fractions by providing a clear and concrete depiction of the common fractions 

relationship to the whole. For example, by dividing a rectangle into equal parts and 

shading a specific number of those parts, such as 2 out of 5 equal parts, learners can 

easily see and understand the fraction 
2

5
 as a portion of the entire shape. This concrete 

illustration enables learners to understand the relative size and magnitude of the fraction 

within the context of the whole, therefore enhancing their conceptual understanding of 

fractions. Additionally, area models help in comparing and ordering fractions by visually 

comparing the shaded portions of different shapes, enabling learners to develop a deeper 

insight for fraction magnitudes and relationships. 
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Table 2.1: Models of common fractions 

MODELS OF FRACTIONS 

Type  Description  Context  Sample visuals and 

manipulatives 

Area Based on how a portion of a 

region or area relates to the 

entire region or area. The 

whole is represented as the 

area of a specific shape. It 

provides a visual 

representation of how the 

whole is divided into parts 

based on the shape’s area. 

Circular food or 

items 

Rectangles 

Pattern blocks 

Grid paper regions 

Circular pizza pieces 

Geoboards 

Cake  

 

Length  It represents fractions on a 

number line or a linear scale. 

It helps visualise fractions in 

terms of their position along a 

line segment and shows the 

relationship between fractions 

and whole numbers. 

Music measures 

Distance/walking. 

Measurements 

with kilometres or 

meters 

String length 

Number lines 

Paper strips  

Set  The number of discrete items 

in the whole set and the 

number of items in the part 

are used to calculate 

fractions. 

Learners in class, 

school 

Items in a jar or bag 

Physical objects 

(e.g. toys, marbles) 

Counters 

 

In a set model, the whole is regarded as a collection of discrete items, while subsets of 

the whole constitute fraction parts. These models use discrete objects to represent 
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fractions, making them ideal for teaching the concept of ratios and proportions. They are 

often preferred by teachers for their clarity in demonstrating part-whole 

relationships (Wilkie & Roche, 2022). For example, 6 marbles are one-fourth of a set of 

24 marbles. In this case, the set of 24 marbles represents the whole, or 1. Van de Walle 

et al. (2020) assert that the set model helps establish meaningful connections with many 

real-world uses of fractions and ratio concepts.  

 

The length model employs a line segment partitioned into equal parts to illustrate 

fractions. Utilising number lines, these models highlight the concept of measurement, 

representing fractions as points on a continuum. They are valuable for comprehending 

fractions as divisions of a continuous quantity (Wilkerson et al., 2015; Tunç-Pekkan, 

2015). The connection between fraction constructs and models is vital for effective 

Mathematics education. By understanding the strengths and limitations of different 

models and using multiple representations, teachers can create a rich learning 

environment that supports learners’ conceptual understanding of fractions. The key is to 

engage learners with various models, encourage active interaction, and guide them in 

making connections between different representations. This approach not only enhances 

learners’ understanding of fraction constructs but also prepares them to apply these 

concepts in real-world situations. 

 

Specific teacher-classroom practices contribute significantly to learners’ achievement 

(Arends et al., 2017). Learning fractions has been found to be difficult, but the teaching 

of fractions is widely perceived as burdensome. To begin with, teachers with a poor 

conceptual understanding of fractions will likely plant misconceptions about fractions in 

the classroom. Instruction can hinder learners’ learning of fractions, especially when it 

does not consider their prior knowledge and focuses on memorisation rather than 

conceptual understanding (Charambous et al., 2014). This implies that a lack of emphasis 

on building on learners’ existing knowledge and promoting rote learning can impede their 

ability to understand the concepts of fractions effectively. Teachers may rely heavily on 

procedural knowledge and calculations during teaching rather than assessing 

understanding. In addition, Jojo (2019) stated that performance in the subject must be 
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separated from the policy and controlled by the conceptual understanding of the subject. 

Jojo (2019) believes that politically contaminated curriculum documents may influence 

the poor delivery of content. Learners are taught to pass Mathematics at different levels, 

as opposed to the need for conceptual understanding, which can assist learners in linking 

and applying learned and known Mathematics concepts to enhance their daily lives (Jojo, 

2019).   

2.5.3.2 Language as a barrier 

Locally, one of the significant contributors to low Mathematics achievement has been 

identified as the Language of Teaching and Learning (LoLT)(Shuukwanyama et el., 2022). 

Because of South Africa’s apartheid past, most former Bantu Education schools are 

dominated by learners who speak African languages as their home language and use the 

English language only when they have to learn school subjects, which implies that most 

learners are bilingual. It is equally important to note that these learners are less likely to 

use English at home. This leads to difficulties in the classroom, as all subjects, except for 

Sepedi and other African languages, have to be taught in English.  

Most schools are located in deeply rural areas; so, most contextual factors apply at the 

learner, classroom, and school levels. For instance, at the learner level, the absence of 

books at home or little interest in reading at home is a severe contextual factor 

contributing to poor English in the classroom(Khosa, 2022). As per the research 

conducted by Ubah (2021), it has been revealed that teaching Mathematics in the native 

language of learners leads to a better understanding of the subject. This finding highlights 

the significance of incorporating language inclusivity in the education system to ensure 

that every learner has an equal opportunity to excel academically. It is crucial to 

acknowledge and act upon these findings to promote an equitable and inclusive learning 

environment. Additionally, suppose the school level is put under the spotlight and 

examined. In that case, the teacher’s competency is a factor, and it will be an eye-opener 

to discover that even teachers who use the English language less frequently at home or 

no English at all may contribute significantly to poor subject delivery.  

There is a strong relationship between proficiency in English and competence in all 

subjects that use English as a  LoLT. To be specific, South African pupils tended to 



43 
 

achieve higher scores in Mathematics when their language proficiency in English was 

higher and were more likely to attain low scores in Mathematics when their scores on the 

English test were low (Bezuidenhout,2022 ). Essien (2018) adds that underachievement 

in Grade 12 Mathematics is prevalent among learners who only use English as the LoLT.” 

2.6 Possible ways to improve conceptual understanding of fractions. 

Several strategies have been proposed to enhance the conceptual understanding of 

Mathematics education. Darmofal (2002) and Greitzer (2002) both emphasise using 

concept maps and concept questions to help learners organise and apply knowledge. 

Savander-Ranne (2003) suggests using visual aids and peer interaction to promote 

understanding, while Self (2016) advocates inquiry-based learning activities that 

challenge learners’ existing frameworks and encourage them to rethink their 

understanding. When used in combination, these approaches can provide 

comprehensive and effective means of improving conceptual understanding in 

engineering education. 

 

Research has identified several key strategies for improving the conceptual 

understanding of Mathematics. There have been various ways that have been suggested 

in different fields. Additionally, De Zeeuw et al. (2013) emphasise the need for meaningful 

assessment tools that focus on conceptual growth, while Yuliandari and Anggraini (2020) 

highlight the role of teachers in promoting conceptual understanding through precise 

language, thoughtful questioning, and the use of the Concrete-Representation-Abstract 

(CRA) approach. Rittle-Johnson (2001), Rittle-Johnson et al. (2016), and Niemi (1996) 

underscore the iterative nature of conceptual and procedural knowledge development, 

with Rittle-Johnson (2001) explicitly pointing to the importance of problem representation 

and Niemi (1996) demonstrating the predictive power of representational knowledge on 

problem-solving performance. Furthermore, in countries such as Indonesia, scholars 

such as Zulhelmi et al. (2023) have suggested that conceptual understanding could be 

improved by applying the POE (Predict-Observe-Explain) learning model with the help of 

educational games. Through a quasi-experimental study, they found that POE and 
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educational games support conceptual understanding by explaining, generalising, 

exemplifying, and comparing concepts.  

Another method is STEM-based Mathematics learning, which promotes hands-on 

activities and problem-solving (Tonra et al., 2022). According to Tonra et al. (2022), 

comparing learners’ answers during the pretest and post-test showed differences, 

indicating improved conceptual understanding. Furthermore, they highlighted that learner 

fulfilled the indicators of restating a concept, providing examples, implementing specific 

procedures or operations, and using algorithms to solve problems. To promote 4IR skills, 

Walid (2023a) explored blended learning, specifically using Google Classroom, to 

enhance conceptual understanding in Mathematics. Google Classroom improves 

conceptual understanding in Mathematics in that, together with blended learning, which 

combines face-to-face and online learning activities, it has been found to be better than 

a single method, offering opportunities for feedback and exchange of perspectives (Walid, 

2023). Furthermore, he found that Google Classroom facilitated access to resources, 

personalised learning, and timely feedback, contributing to an enhanced conceptual 

understanding of Mathematics.  

According to Dasopang (2020), using the anthropocentric learning strategy can enhance 

conceptual understanding during teaching and learning. This strategy involves contextual 

learning and a step-by-step process that connects learners’ experiences with their social 

and spiritual contexts. It also actively involves learners linking their experiences with 

learning and applying knowledge to their social and spiritual lives. By doing so, learners 

can better understand and apply concepts effectively. To add on contextualising as a way 

to improve conceptual understanding, Kristidhika et al. (2020) found that Contextual 

Teaching and Learning (CTL) effectively improves learners’ conceptual understanding 

during the learning process, especially in an online learning environment. In the same 

way, Sari and Haji (2021) discovered that inquiry learning with the jigsaw method has 

been shown to improve conceptual understanding. 

On the other hand, Lintasan et al. (2023) proposed using the Quizlet application in 

Mathematics to enhance learners’ conceptual understanding. According to these 

scholars, applying quizlets to Mathematics is an educational tool that can enhance 
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learners’ conceptual understanding of Mathematics. It integrates the principles of 

constructivism, collaborative learning, and cognitive theory. The application allows 

learners to participate in learning actively, encourages collaboration among learners, and 

supports their information processing in building a deep understanding of concepts. It 

provides various learning materials in different formats, allowing learners to process and 

store information effectively in both short-term and long-term memory. The application 

also includes features such as Quizlet Live, which enables interaction and competition 

among learners, thus making the learning process enjoyable. Overall, the Quizlet 

application has the potential to serve as an effective tool for facilitating enjoyable and 

easy Mathematics learning, particularly in the context of social arithmetic. Furthermore, 

Quizlet enhances conceptual understanding by integrating constructivism, collaborative 

learning, and cognitive theory in its approach to Mathematics learning, providing 

significant benefits in improving learners’ understanding of mathematical concepts, 

allowing learners to actively participate in the learning process, encouraging collaboration 

among learners, and supporting their information processing in building a deep 

understanding of concepts. 

According to Even and Tirosh (2008), initial studies on Mathematics education perceived 

errors by learners as defects that disrupt the learning process and should thus be avoided, 

alongside misconceptions that need replacement with correct knowledge. Such research 

placed emphasis, for instance, on typical mistakes learners make when ineffectively 

comparing fractions, such as misinterpreting comparative significance by reasoning that 

seven is larger than five. However, Mack (1990) demonstrated that the same learners 

were successful in solving fraction comparison problems when those problems held 

relevance to their personal experiences and they were permitted to apply their intuitive, 

informal knowledge. These findings hold considerable importance as they effectively 

challenge the conventional perspective that views errors and misconceptions negatively 

in the realm of learning Mathematics, thereby offering educators and scholars a novel 

lens through which to examine pedagogical approaches. 

Comparing fractions is paramount in fostering a comprehensive and profound conceptual 

understanding of fractions. It is indeed a challenging task to envision the extent to which 
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learners can engage meaningfully with fractions without a solid understanding of the 

comparative magnitude of fractions. Learners must possess the cognitive capacity to 

discern the magnitude relationship between two given fractions within the realm of 

numerical understanding of fractions. This cognitive capacity necessitates establishing a 

conceptual framework revolving around fractions, devoid of reliance on mere algorithmic 

procedures or symbolic manipulations. As evidenced by the results of the 2000 NAED 

assessment, a mere 21 percent of fourth-grade learners demonstrated the capability to 

articulate the rationale behind the comparative magnitude of unit fractions about one 

another (Kloosterman et al., 2004). Moving on to the eighth-grade level, 41 percent of 

learners exhibited the proficiency to accurately sequence fractions when presented in 

their reduced forms (Sowder et al.,1998). It is plausible that learners may have been 

exposed to specific prescribed rules or algorithms designed to compare two fractions. 

While these rules may yield correct outcomes, they do not necessitate any deliberation 

regarding the actual magnitudes of the fractions themselves. Consequently, there exists 

a minimal probability that learners will cultivate a genuine understanding or intuitive 

understanding of the relative sizes of fractions through such approaches. By fostering a 

deeper understanding of fractions, teachers can empower learners to become more self-

reliant and confident in their mathematical abilities, thereby enhancing their self-esteem. 

Chung (2012) posited that comparing fractions holds a substantial significance in 

facilitating learners’ understanding and acquisition of concepts related to relative fraction 

sizes. Moreover, he expounds that discrepancies and misunderstandings may arise when 

an inconsistency emerges between the internalised structures of subjective knowledge 

and the external realities of objective knowledge. It is imperative to note that identifying a 

misconception becomes feasible only through active communication and comparing 

one’s individual knowledge with the collective or public knowledge domain. To illustrate, 

within the area of fractions, there exists a prevalent assumption that the fraction with the 

largest denominator invariably represents the most significant fraction. This 

misconception persists due to the learners’ prior knowledge, such as the understanding 

that six is greater than 3, for instance. The most effective approach to dispelling such 

misconceptions is allowing learners to engage with mathematical manipulatives at the 

onset of their exploration of fractions. By doing so, learners can visually deconstruct 
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denominators and numerators into their fundamental components. Misconceptions may 

stem from diverse sources, including personal experiences, ambiguity in language usage, 

the inadequacy of examples and non-examples during concept formation, the influence 

of media portrayals of phenomena, errors in reasoning, and discrepancies within 

educational textbooks. 

2.6.1 The CPA approach in Mathematics 

Upon thorough examination of the relational understanding develops when people work 

on carefully designed tasks together. According to SAIDE (2008), relational 

understanding allows learners to discover insights on their own, share views with 

classmates, engage in helpful discussions about methods and solutions, create new 

ideas, express their thoughts clearly, learn from others, and solve problems as a group. 

This process helps learners build and internalise knowledge, connecting different ideas 

more deeply. The benefit of relational understanding is that it fosters independence and 

boosts self-esteem. It builds confidence in facing new challenges and reduces anxiety 

and pressure. This approach encourages a real understanding of concepts. Learners shift 

from just memorising information to lively creating their own knowledge. As a result, they 

develop problem-solving skills and engage in inquiry. The knowledge they build tends to 

stick with them longer. Additionally, learners find joy in studying Mathematics, which can 

lead to better academic performance challenges associated with learning and teaching 

fractions, it is apparent that improvements are needed. A practical solution is to adopt an 

approach that fosters active engagement and comfort with the subject matter. The CPA 

approach is one such approach, designed to align with the different stages of 

mathematical development. Wiest and Amankonah (2019) firmly recommended that one 

way of improving learners’ conceptual understanding of fractions could be through 

concrete and pictorial representations.  The CPA approach in Mathematics has proven to 

be an effective and invaluable tool in numerous studies. According to Sumartini and 

Priatna (2018), thinking capabilities tend to progress from concrete to abstract thinking 

patterns. The CPA approach is a widely used teaching strategy in Mathematics, 

particularly in Singapore, that aims to help learners learn mathematical concepts more 

effectively and engagingly (Leong et al., 2015).  
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Since its inception in the early 1980s, the CPA approach has remained a critical teaching 

strategy advocated by the Singapore Ministry of Education. Furthermore, according to 

Setyawan and Purbohadi (2023), the CPA approach is considered a potential solution to 

the low achievement in mathematics education in Indonesia. They believe this approach 

emphasises problem-solving and critical thinking skills rather than memorising facts and 

formulas. By allowing learners to apply their knowledge and skills to real-world problems, 

this approach encourages a more active and engaged learning experience. The CPA 

approach is based on the idea that learners learn best when presented with multiple 

representations of a mathematical concept.  

According to Putri et al. (2020), the CPA approach is a learning method based on Bruner’s 

cognitive development theory, which outlines the stages of “enactive-iconic-symbolic” 

cognitive development. The CPA approach in Mathematics has shown significant benefits 

in various studies. Furthermore, according to the literature, the CPA involves the use of 

three stages: concrete, pictorial, and abstract (Salimi et al.,2020; Putri et al., 2020; Putri 

et al., 2018). Additionally, the CPA approach provides learners a unique opportunity to 

reconstruct their knowledge. This is attributed to the hierarchical stages that the approach 

employs (Salimi et al.,2020). The CPA approach allows learners to gradually progress 

from basic to complex concepts, building on their prior knowledge to develop a deeper 

understanding of the subject matter. The use of hierarchical stages in the CPA approach 

enables learners to engage in reflective thinking, which is essential in the process of 

knowledge reconstruction. As such, the CPA approach is a valuable tool for teachers 

seeking to enhance learners’ understanding of complex concepts. 

In the concrete stage, physical materials represent the mathematical concept being 

taught. For example, if the concept was addition, physical objects such as blocks or beads 

could be used to represent the numbers being added. According to Piaget’s cognitive 

development theory, learners in the seventh grade of primary school are considered to 

be in the concrete operational stage, which suggests that they have advanced skills to 

think and manipulate physical objects compared to those in the preoperational stage. 

Additionally, Sumartini and Priatna (2018) have found that thinking capabilities tend to 

progress from concrete to abstract thinking patterns.  



49 
 

In the pictorial stage, visual aids such as diagrams, pictures, or graphs are used to 

represent the concept being taught. For example, for the concept of multiplication, a 

picture of rows and columns of dots could be used to represent the multiplication of two 

numbers. As demonstrated by the study of Bobek and Tversky (2016), incorporating a 

pictorial stage in e-learning can be an incredibly effective teaching method. This approach 

involves presenting information through visual representations, which can help learners 

understand complex concepts better, engagingly and interactively. By providing a visual 

medium, learners can easily understand the material without solely relying on verbal 

explanations. Additionally, using pictures can help make the learning experience more 

stimulating and enjoyable, encouraging learners to engage more deeply with the material. 

This approach can be beneficial for topics that are difficult to explain verbally or require a 

more immersive learning experience.  Likewise, Mayer (2009) hypothesised that learners 

learn better from pictures and words according to the multimedia principle. Briefly, he 

explores the significant addition of graphics to words during learning. He developed 

twelve instructional methods or principles. One of the principles called the multimedia 

instructional principle, according to Mayer (2009:223) argues that:  

When words and pictures are both presented, learners have an 
opportunity to construct verbal and visual mental models and to build 
connections between them. When words alone are presented, learners 
have an opportunity to build a verbal and mental model. However, they 
are less likely to build a visual mental model and make connections 
between the verbal and visual mental models.  
 

As such, the simultaneous use of words and pictures can enhance learning and teaching 

of fractions. Usually, learners find words or mathematical symbols alone dull and not 

enjoyable (Oyoo, 2022). Visual representation of fractions appeals to learners and builds 

a strong conceptual knowledge (Lipovec & Podgorsek, 2017). For instance, learners tend 

to form a mental picture of the problem when a Mathematics problem is posed to learners 

without graphics. The problem is that learners may develop inaccurate images, resulting 

in misconceptions. In the abstract stage, learners learn to represent the mathematical 

concept using symbols and equations. For example, once learners have a solid 

understanding of addition and multiplication, they can move on to using abstract symbols 

like + and x to represent these concepts. The CPA approach provides a structured and 
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comprehensive way to teach mathematical concepts, making it easier for learners to 

understand and apply them in problem-solving situations. Mayer (2014) suggests that 

incorporating concrete objects and visuals can reduce cognitive load for learners, 

enabling them to process the material more easily and quickly. This is in contrast to 

attempting to understand complex concepts through words alone. 

According to Zhang et al. (2021), learners with a Mathematics learning disability may 

struggle with understanding symbolic fractions, even if they have a good understanding 

of non-symbolic ratios. To address this issue, the study suggests using the CPA approach 

to introduce these learners to symbolic fractions gradually. By using this approach, 

learners with a Mathematics learning disability can build a bridge between their intuitive 

understanding of non-symbolic ratios and their less intuitive understanding of symbolic 

fractions. This approach allows them to gradually develop a deeper understanding of 

fractions and overcome the challenges they may face in this area.  Equally important, in 

the CPA approach, the presence of physical objects is crucial for helping learners develop 

internal representations and conceptual understanding (Lakoff & Núñez, 2000; McNeil & 

Jarvin, 2007). Interactive visualisation can also enhance learners’ understanding of 

complex concepts (Linn et al., 2006). Additionally, by reducing memory loads, the CPA 

approach makes cognitive processes more manageable for young learners (Mayer, 2014; 

Manches & O’Malley, 2012).   

Research has demonstrated that when Mathematical Prior Ability (MPA) is paired with 

the CPA approach, learners’ self-efficacy in learning Mathematics can be enhanced. This 

emphasises the beneficial influence of CPA on learners’ self-efficacy, as noted in a study 

by Yuliyanto et al. (2019). Moreover, the utilisation of the CPA approach has been shown 

to correlate with increased Mathematics achievement levels among learners, 

underscoring its efficacy in enhancing both attitude and performance in Mathematics 

education (Yuliyanto et al., 2020; Nino et al., 2018). Likewise, Putri and Saptini (2018) 

discovered that primary school learners who were taught through the CPA learning 

approach exhibited a significant enhancement in their mathematical connection abilities 

compared to primary school learners who were taught through traditional learning 

methods. The study found that the improvement was noticeable irrespective of the 
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learner’s prior mathematical ability. Since the CPA approach is designed to help learners 

understand mathematical concepts using visual aids and hands-on learning experiences. 

This study highlights the efficacy of this approach in improving primary school learners’ 

mathematical skills and has implications for the development of effective teaching 

strategies. 

2.6.2 The CPA approach to enhance conceptual understanding of common 

fractions. 

It is critical to note that conceptual understanding of fractions begins with understanding 

the five constructs mentioned: part-whole, measure, operator, division and ratio. 

Furthermore, it is paramount to understand the three models of fractions outlined in Table 

1.1. The symbolic notation of fractions can create problems for learners. Teachers often 

introduce it too early, unintentionally creating further confusion. According to the 

CAPS(DBE,2011)document, learners in grades R-3 should develop fraction concepts by 

solving problems involving sharing physical quantities and using drawings. This asserts 

the need for a CPA approach to enhance the conceptual understanding of fractions. The 

CPA approach offers a number of benefits for improving the comprehension of fractions. 

It covers the standard practice of understanding fractions.  

The concrete and pictorial stages, which are both tangible and visual, enable learners to 

understand the concept of fractions more effectively. By emphasising the use of physical 

resources, visual representations, and abstracts, the CPA approach ensures that learners 

develop a strong foundation in understanding fractions. This underscores the importance 

of the CPA approach in enhancing the understanding of fractions. Physical resources are 

crucial for helping learners to conceptualise fractions. Teaching the concept of adding 

fractions can be made more accessible by using resources that help learners understand 

that only the numerator represents a quantity.  

Supporting abstract Mathematics with visual representations is essential, just like using 

concrete resources. Drawing diagrams to show fractions such as 3/4 and 2/4 being added 

together can help learners develop a better understanding of the concept. Using visual 

representations is crucial for developing a conceptual understanding of fractions among 

primary school learners. It helps them understand what the abstract notations and 
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procedures mean. As highlighted in Table 1.1, fraction models should be instilled using 

the CPA approach. The findings of Africa et al. (2020) qualify this point.   found that using 

a fraction kit (concrete objects) during the CPA approach, learners could quickly exhaust 

all the necessary possibilities in a particular situation by using concrete examples and 

pictures tailored to their daily lives. Moreover, findings from Africa et al.(2020) reveal that 

learners were able to quickly exhaust all the necessary possibilities in a particular 

situation by using concrete examples and pictures tailored to their day-to-day lives. This 

allows learners to make a connection with why they did such tedious processes earlier 

and observe how they could see all these possibilities more efficiently, leading to their 

persistence in trying to solve the problem on their own.  

By using models in different fraction tasks,  learners can identify the concepts needed to 

know and discuss why learners do specific processes when working with fractions.  

Furthermore, they can own the experience of discovering their misconceptions and try to 

find ways to address them. Teaching operations on fractions addresses the 

misconceptions about learning fractions. Using concrete examples and pictures tailored 

to their day-to-day lives, learners are able to exhaust all the necessary possibilities in a 

particular situation quickly. By leading them to the abstract process, learners can connect 

with why they did such tedious processes earlier and observe how they could see all 

these possibilities more efficiently, thus resulting in their persistence in trying to solve the 

problem on their own.   

The CPA approach has shown effectiveness in enhancing mathematical learning, 

particularly in Singapore, where it has been widely implemented (Lutfi & Dasari, 2024). 

Teaching approaches that use concrete manipulatives are often employed to enhance 

and support conceptual understanding (Mntunjani et al., 2018; Minarti & Wahyudin, 

2019). As a result, learners with a sound conceptual understanding of common fractions 

built from real-life scenarios and the use of manipulatives develop meaningful 

Mathematics and can transfer knowledge to different real-life contexts (Mills, 2016). 

Despite these benefits, some studies highlight that the CPA approach may not 

significantly alter learners’ overall attitudes or anxiety levels, indicating that its impact can 

be context-dependent (Salingay & Tan, 2018; Putri et al., 2020). Moreover, pictures may 
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cause extraneous cognitive load (Ollesch et al., 2017). Therefore, this study sought to 

explore the use of CPA to enhance learners’ conceptual understanding of fractions”. 

2.7 CHAPTER SUMMARY 

Chapter Two offered a detailed and thorough analysis of the literature pertinent to the 

research topic. The chapter explored the theoretical framework underpinning the study, 

including the conceptual understanding of Mathematics and fractions and their constructs. 

The chapter also discussed the relationship between procedural knowledge and 

conceptual understanding in Mathematics. It highlighted the importance of conceptual 

understanding in the development of procedural knowledge and suggested that a solid 

conceptual foundation can enhance learners’ capacity to apply procedural knowledge in 

real-life scenarios. By examining these concepts, the chapter provided a comprehensive 

understanding of how to improve learners’ learning in these areas.  

The chapter discussed various sources and possible causes of poor conceptual 

understanding of Mathematics and fractions, providing valuable insights into the 

challenges learners may face in these areas. The definition of fractions and the construct 

were thoroughly discussed. Moreover, the chapter presented various potential strategies 

that teachers can use to help learners improve their conceptual understanding of 

Mathematics and fractions in particular. These strategies included visual representations, 

problem-solving activities, and the CPA approach. Furthermore, the chapter highlighted 

effective approaches that have been shown to work in practice, including manipulatives, 

peer learning, and teacher collaboration.  

Finally, the research findings on the CPA approach in Mathematics were presented in 

detail. The chapter offered a thorough explanation of how the CPA approach works and 

its effectiveness in enhancing learners’ conceptual understanding of mathematical 

concepts. It provided critical insights into the approach’s benefits, such as improved 

problem-solving skills, increased engagement, and greater knowledge retention. The 

chapter concluded by emphasising the importance of the CPA approach in improving 

learning outcomes and the significance of conceptual understanding in Mathematics.  
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CHAPTER THREE 

METHODOLOGY 

3.1 INTRODUCTION 

 

The previous chapter provided a comprehensive overview of the theoretical framework 

and literature review relevant to the study. It began with a detailed definition of conceptual 

understanding, emphasising its significance in mathematical education. Following this, 

the chapter defined fractions, highlighting their complexity and the common 

misconceptions associated with them. It also examined various factors that inhibit 

learners from achieving the desired level of conceptual understanding of fractions, such 

as whole number bias, poor teaching approaches, and language barriers. The chapter 

concluded by outlining several actionable strategies to enhance conceptual 

understanding, including the CPA approach, which promotes a deeper understanding of 

mathematical concepts through staged learning. 

This chapter presents the research methods employed in this study. Grounded in the 

pragmatism worldview, which prioritises practical outcomes and real-world applications, 

this study used a mixed-method approach that integrates both quantitative and qualitative 

data collection and analysis. This methodology allowed for a more holistic understanding 

of the research problem by capturing numerical data while also exploring participants’ 

perspectives and experiences through task-based interviews. Furthermore, this chapter 

describes the specific research design employed, detailing the sampling methods, data 

collection instruments, and analytic techniques used. It also addresses the ethical 

considerations essential to this study, which aided in ensuring that the participants’ rights 

were respected and that the research complied with established ethical standards. These 

considerations included obtaining informed consent, maintaining confidentiality, and 

ensuring the welfare of all participants throughout the research process. 
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3.2 RESEARCH PARADIGM 

 

The study was underpinned by the pragmatism paradigm. Pragmatism, a philosophical 

approach that underscores practicality and usefulness, is rooted in the ancient Greek 

word ‘pragma’, which translates to action(Kaushik & Walsh,2019) The concept of 

‘pragma’ is central to pragmatism, highlighting the significance of action and practical 

application in the quest for knowledge and truth (Pansiri, 2005). Pragmatists perceive 

reality as a normative concept, asserting that reality is what works. They argue that reality 

is not an absolute, fixed entity but a concept that holds validity only if it aids in establishing 

satisfactory relationships with other aspects of our experience (Stuhr, 2000). In the 

pragmatist perspective, truth is not a static, universal concept but something that proves 

its worth or what has withstood the test of individual use over time (Baker & Schaltegger, 

2015; Ray, 2004). Pragmatist researchers do not dismiss philosophical arguments, 

particularly those related to metaphysics, in their research. Instead, they argue that 

broader philosophical arguments are irresolvable. This is because meaning is inseparable 

from human experience and needs and is context-dependent (Dillon et al., 2000).  

Pragmatist researchers’ selection of one version of reality over another is guided by the 

effectiveness of that choice in producing anticipated or desired outcomes. It encourages 

researchers to choose the most suitable method or approach based on the specific 

research problem they are investigating (Kaushik & Walsh, 2019). This means that a rigid 

set of rules does not dictate a researcher’s decision but what is most effective for the 

given research problem. In essence, pragmatism recognises that different research 

problems may require different approaches and that the most effective approach depends 

upon the research problem’s context. The goal of pragmatism is to find the best solution 

to the research problem, regardless of the theoretical or philosophical assumptions 

underpinning the chosen approach. Additionally, according to Cohen et al. (2018), 

pragmatism focuses more on practicality than idealism. It is driven by practice, 

acknowledges both singular and multiple truths, and supports a plural view of the 

phenomenon being examined. These versions can be subjective or objective, scientific 

or humanistic. Kaushik and Walsh (2019) argue that pragmatism embraces diverse 

methods driven by research questions, rather than techniques. They assert that 
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pragmatism does not claim certainty about reality; instead, reality is viewed as a 

normative concept of what works. The nature of this study necessitates a plurality of 

methods; therefore, a mixed-methods approach was employed to address the research 

questions raised.  

 

According to Creswell and Creswell (2018), pragmatism serves as a philosophical 

worldview that emphasises actions, contexts, and consequences rather than the strictly 

defined antecedent conditions. This approach is particularly valuable in research as it 

prioritises the search for practical solutions to real-world problems, underscoring 

effectiveness and utility over adherence to specific methodologies. Rather than engaging 

in debates about the relative merits of qualitative versus quantitative research, 

pragmatism encourages a more holistic evaluation of research based on its ability to 

satisfactorily address the researcher’s questions, irrespective of the methods and types 

of data employed (Feilzer, 2010). 

 

According to Creswell and Creswell (2018), pragmatism is not confined to any single 

system of philosophy or reality. This liberating aspect is particularly pertinent in mixed 

methods research, where researchers are free to incorporate both quantitative and 

qualitative assumptions in their research. Pragmatists take a practical approach to 

understanding the world, recognising that it is not a unified entity with absolute 

characteristics (Dube et al., 2024).  Similarly, mixed methods researchers prefer to use 

various techniques for data collection and analysis rather than relying solely on a single 

method. The mixed method approach enabled the researcher to gain a more broad and 

in-depth understanding and insights into this research. When using the pragmatism 

paradigm, mixed methods are designed to leverage the strengths of both qualitative and 

quantitative methods while mitigating their weaknesses (Maarount, 2019). Creswell and 

Creswell (2018) provide a link between pragmatism's philosophical stance and the mixed-

method approach in table 3.1. 
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Table 3.1: Relationship between the pragmatism philosophical stance and the mixed 

method design 

Pragmatism  Mixed method 

Unattached to a singular philosophical or 

existential framework. 

Utilise a combination of quantitative and 

qualitative assumptions to enhance the 

outcomes of research studies. 

Avoid perceiving the world in terms of 

absolute unity. 

Examine multiple methodologies for 

acquiring and evaluating data instead of 

adhering exclusively to a singular 

approach. 

Truth is what works at the time. Employing both quantitative and 

qualitative data is essential as they 

synergistically contribute to achieving a 

comprehensive comprehension of a 

research issue. 

Choose what and how to investigate 

based on the desired outcomes—they 

determine their direction based on this. 

Provide a rationale for the initial 

necessity of integrating quantitative and 

qualitative data along with an objective 

for such integration. 

Thus, from Table 3.1, it can be concluded that the mixed method approach underpinned 

by pragmatism allows the utilisation of various methods, incorporates different 

worldviews, considers different assumptions, and employs diverse forms of data 

collection and analysis. This ultimately provided the researcher with a more 

comprehensive and flexible approach to research. The concept of pragmatism suggests 

that quantitative and qualitative methods aim to study the same phenomenon from two 

different perspectives. These methods can either test a theory that describes the 

phenomenon directly or investigate the perceptions of social actors that indirectly create 

the context of the phenomenon. It is essential to understand that both types of methods 

study the same phenomenon from different perspectives. This understanding justifies 

using parallel mixed research and makes triangulation and cross-validation logical. 
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Pragmatism introduces us to the abduction inferential logic, a form of reasoning that 

complements and extends deduction and induction (Simpson, 2018). Unlike deduction, 

which involves reasoning from general principles to specific conclusions, and induction, 

which involves inferring general principles from observations, abduction begins with 

incomplete information and seeks to generate plausible explanations for observed 

phenomena (Sandoval-Hernández & Rutkowski, 2024). This form of reasoning is 

particularly relevant to pragmatism as it allows researchers to work with incomplete or 

uncertain data, generating hypotheses that can be tested and refined further. Tran (2017) 

adds that abduction is a way of moving back and forth between inductive and deductive 

as a way to connect data and theory. In this study, the process of abduction was 

conducted thoroughly to establish a connection between the collected data and the 

theoretical framework. This was achieved by carefully testing the relevant constructs or 

tenets of the theory, allowing for a comprehensive exploration of their applicability and 

relevance to the observed phenomena. By aligning empirical evidence with theoretical 

constructs, the researcher aimed to deepen the understanding and generate meaningful 

insights that could contribute to the existing body of knowledge. 

 

Pragmatism in research, while offering flexibility and inclusivity, presents several 

disadvantages that can hinder its effectiveness. One significant concern is the potential 

for methodological incoherence, as researchers may struggle to navigate the blurred lines 

between qualitative and quantitative approaches, leading to confusion and inconsistency 

in research design(Foster, 2023). Additionally, the emphasis on practicality may 

overshadow deeper philosophical considerations, reducing the richness of inquiry and 

potentially limiting the scope of research questions addressed(Dillon & O'Brien, 2018). 

Furthermore, the broad application of pragmatic principles can result in oversimplified 

interpretations of findings, which may misguide policy decisions and lead to harmful 

outcomes in real-world contexts(Kent & Kitsios, 2009). Lastly, the rejection of a singular 

paradigm can create a false sense of equilibrium among researchers, potentially stifling 

critical engagement with the complexities of educational and social issues(Badley, 2003; 

Kaushik & Walsh, 2019). 
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3.3 RESEARCH APPROACH 

 

Traditional research typically follows either the qualitative or quantitative research 

methodology. Quantitative research is grounded in objectivism and positivism paradigms, 

while qualitative research is shaped by subjectivism and interpretivist paradigms. 

According to Feilzer’s (2010) perspective on research methodology, there is a tendency 

among scholars to engage in a debate over the qualitative or quantitative nature of 

research. However, Feilzer suggests that researchers should prioritise whether their 

research has achieved its intended purpose rather than focusing on the methodology or 

data type used. Therefore, the success of any research should be evaluated based on 

whether it has provided the researcher with the answers they seek and not based on 

whether it follows a qualitative or quantitative approach. By adopting this approach, 

researchers can prioritise their research objectives and ensure they use the best possible 

methods. This study, however, adopted a mixed-method approach. This methodological 

approach combines both qualitative and quantitative research techniques, aiming to gain 

a comprehensive view of the research problem. The study utilises a mixed-methods 

approach, as it sought to address two research questions that incorporate both qualitative 

and quantitative dimensions. This integration of methodologies enhances the richness of 

the information gathered from the intervention. Furthermore, it facilitates a comprehensive 

evaluation of complex interventions, leading to a deeper understanding of the associated 

outcomes and processes. 

The primary reason for selecting mixed-methods research was its strength, which stems 

from its combined approach .Mixed methods are chosen for education research due to 

the complex interplay between researchers and subjects, reliance on interdisciplinary 

concepts, and the ambiguous nature of teaching and learning, which complicates 

understanding causal relationships between inputs and outcomes. (Zou & Xu, 2023; 

Seyfried & Reith, 2019). A mixed-methods approach is chosen to integrate quantitative 

and qualitative data, providing a comprehensive understanding of complex research 

phenomena, overcoming limitations of individual methods, and enhancing the validity of 

findings through triangulation and richer insights (Zou & Xu, 2023; Dawadi et al.,2021). 

Furthermore, mixed method research is particularly effective in evaluating complex 
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interventions, as it accommodates the intricate dynamics and interactions inherent in such 

projects, thereby enhancing the validity and applicability of findings (Woolcock, 2019). 

Ultimately, the flexibility and adaptability of mixed methods make it a suitable choice for 

addressing the nuanced realities of contemporary research challenges (Dawadi et al., 

2021; Solem, 2024). 

This method enables the integration of both quantitative and qualitative data, facilitating 

a richer understanding of the intervention's impact. Tashakkori and Teddlie (2010) further 

assert that social science research should concentrate on the core research problem and 

leverage diverse methodologies. This pluralistic approach is essential for gaining 

multifaceted insights into complex issues, allowing researchers to draw from the strengths 

of various research traditions and enhancing the overall strength of their findings. Mixed-

method researchers argue that employing just quantitative or qualitative methods can 

pose certain limitations. Quantitative research, with its focus on numerical data and 

statistical analysis, might overlook the human element, context, and phenomenological 

experiences that qualitative research might highlight (Tenny et al., 2022). Conversely, 

purely qualitative research, with its emphasis on lived experiences, might miss 

quantifiable trends and cannot always be generalised given its often small sample size 

(Weng, 2024). Mixed-method research, however, provides a more holistic view of the 

research problem. The inherent collection of both qualitative and quantitative data in 

mixed methods addresses research problems more completely, offering both a 

comprehensive breadth and depth of understanding. According to Maarount (2019), the 

cornerstone of mixed-method research lies in its capacity to overcome the shortcomings 

of both purely quantitative and purely qualitative methods, providing a more holistic 

understanding of the problems that are the subject of research.   The use of mixed-method 

approach provided a richer understanding of how the use of CPA approach improve 

Grade 7 learners’ conceptual understanding of fractions and the change in conceptual 

understanding of fractions which Grade 7 learners had after being exposed to the CPA 

approach. 
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3.4 RESEARCH DESIGN 

In this study, a one-phase concurrent embedded mixed-method design was followed. 

According to Creswell and Creswell (2017), this type of design involves the collection of 

both qualitative and quantitative data, but one of the data types is nested within the overall 

design. One-phase mixed method design integrates both qualitative and quantitative 

approaches within a single phase of research, allowing for a comprehensive 

understanding of a phenomenon (Almeida, 2018; Rasker, 2022). This design is 

particularly beneficial in complex studies where both the breadth and depth of data are 

required. The design recognises that each research question requires its own data, either 

quantitative or qualitative data (Cohen et al., 2018). In other words, each collected data 

responds to a specific research question.  

Figure 3.2 provides a diagrammatic representation of the one-phase concurrent 

embedded mixed-method research design to enable the reader to understand it better. 

This design allows researchers to gather both quantitative and qualitative data 

simultaneously and then analyse them in an integrated manner. The design is particularly 

useful for research studies that require a more in-depth understanding of complex 

phenomena that cannot be fully understood by either quantitative or qualitative data alone 

(Almeida, 2018).  

 

Figure 3.2: Concurrent embedded research design (Creswell & Plano-Clark, 2007)  

3.5.1 POPULATION 

In research, the term "population" refers to the entire group of individuals that a study 

aims to understand or draw conclusions about, which can include all participants 

regardless of their exposure or outcome status(Kestebaum, 2019). Selecting an 



62 
 

appropriate study population is critical, as it involves determining who to include or 

exclude based on relevant characteristics that align with the research objectives(Beck, 

2024). Researchers often utilise sampling methods to create a representative sample 

from a larger population, ensuring that findings can be generalised effectively (Beck, 

2024). Populations can be defined by various criteria, including geographical boundaries 

or specific membership in organisations, which aids in addressing research questions and 

enhancing the validity of outcomes(Mason et al., 2020). Misapplication of population 

concepts can lead to significant errors in study design and interpretation, highlighting the 

importance of clarity in defining populations(Raymond & Darsaut, 2024).  

The population of this study was 575 grade 7 learners, attending non-fee-paying quintile 

2  schools in the Moletji Circuit, Capricorn North District, Limpopo Province, South Africa. 

The schools in the circuit are usually located in a rural area with no tar road and running 

water,the schools lacks resources such as laboratory, well-functioning library and 

computer library.  

3.5.2 SAMPLING 

A sample is defined as a subset of a population (Farrokhi & Mahmoudi, 2012). For this 

study, the researcher chose to use convenience sampling. This type of sampling involves 

selecting participants based on their accessibility and willingness to take part in the study 

(Cohen et al., 2018). Convenience sampling is a type of nonprobability or non-random 

sampling where members of the target population meet specific practical criteria, such as 

easy accessibility, geographical proximity, availability at a given time, or the willingness 

to participate, are selected for the purpose of the study (Etikan, 2016). Andrade (2021) 

adds that it involves selecting participants who are easily accessible, often leading to a 

non-random sample that may not represent the broader population. Convenience 

sampling is also purposive. Purposive sampling involves deliberately choosing 

participants based on specific traits or criteria that align with the research goals, ensuring 

that the sample provides rich, relevant data (Suen et al., 2014; Setia, 2016). Convenience 

sampling can be considered a form of purposive sampling due to its targeted approach in 

selecting participants based on accessibility and specific research needs. While 
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convenience sampling focuses on subjects that are readily available to the researcher, 

purposive sampling involves selecting individuals based on particular characteristics 

relevant to the study’s objectives. This overlap highlights how both methods serve distinct 

yet sometimes complementary purposes in research design. Both are non-probability 

sampling methods, meaning they do not rely on random selection (Etikan et al., 2016). 

Additionally, each method can be useful when resources are limited or when the research 

does not aim for generalisability (Etikan et al., 2016: Setia, 2016). In contrast, some 

researchers argue that the limitations of convenience sampling, such as potential biases 

and lack of representativeness, may undermine its effectiveness compared to purposive 

sampling, which is designed to yield more targeted insights (Etikan et al., 2016; Setia, 

2016).  

The sample comprised 75 Grade 7 learners where the researcher is currently working as 

the teacher.The researcher was involved in the selection of participants as they were 

accessible and willing to participate. The group included 47 boys and 28 girls, with ages 

ranging between 12 and 15 years old. To ensure that all participants had an equal 

opportunity to learn across all aspects of the research, each participant took part in both 

the quantitative and qualitative parts of the study. This allowed the researcher to gather 

as much data as possible from each participant while also ensuring that the research is 

conducted ethically and fairly. 

To handle participants dropping out between the pre-test and post-test, the researcher 

used strategies to prevent attrition like incentives, flexible scheduling, and clear 

communication, tracking of dropouts to understand biases, and then employed statistical 

methods (like multiple imputation or mixed models) to account for missing data during 

analysis, ensuring the study's validity and power.  Fortunately, in the study there were no 

dropouts between the pretest and the post test.  

3.6 DATA COLLECTION INSTRUMENTS 

 

According to Creswell (2008), data collection involves the systematic gathering and 

measurement of information by administering instruments. The data collection 
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instruments used in the study are pre-tests, post-tests, classwork tasks, and task-based 

interviews. These instruments are used to collect data to assist with the purpose of the 

study and to answer the research questions. 

3.6.1 Data collection instruments for the quantitative data  

3.6.1.2 Pretest and Posttest 

The study was designed to collect quantitative data using a pre-test and a post-test. 

Dimitrov and Rumrill (2003) provided a comprehensive guide that explains different 

pretest-post-test designs and how they can be used to better understand and evaluate 

the effects of selected interventions. The pretest-post-test design involves measuring the 

outcome variable before and after the intervention is implemented, which allows for an 

assessment of the intervention’s effectiveness. The pretest-post-tests design is a 

valuable research method that involves assessing subjects both before and after an 

intervention (Miller et al., 2023; Denny et al., 2023). This design allows for the examination 

of causality between an intervention and an outcome, particularly when random 

assignment is not feasible (Baba & Kataoka, 2023). Pre-testing allows participants to 

become more familiar with the terminology and provides ease in taking and scoring higher 

on a post-test (Stratton, 2019). Furthermore, Stratton (2019) states that another limitation 

of the pre-test and post-test design is the phenomenon of statistical regression or the 

tendency of a group to move to a common mean as an artefact of repeated testing.  

The tests consisted of four questions developed in consultation with textbooks, the CAPS 

document, and previous question papers, all aligned with the requirements for Grade 7 

common fractions. The questions in both the pretest and posttest were designed to 

assess conceptual understanding based on the indicators provided by Kilpatrick (2001), 

focusing on comprehension, operations, and relationships. This process was done with 

the help of the mathematics departmental head at the neighbouring primary school.  

Questions one and two of the pretest assessed the operations of common fractions, while 

question three evaluated comprehension of fractions, and question four was aimed at 

testing connections. The pretest was administered at the beginning of Week 1, with the 

aim of gathering quantitative data to determine students’ level of conceptual 
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understanding before the intervention using the CPA approach. The purpose of the 

posttest was to assess whether the CPA approach had improved students' conceptual 

understanding of common fractions. 

Following the pretest, learners were taught using the CPA approach for one week. During 

this period, classwork activities and task-based interviews were utilised to gather 

qualitative data. 

Table 3.2: Data collection instruments that were used per research  

Phase  Time frame Gender Type The subtopic of fractions 

covered.  

D
a
t
a
 
c
o
l
l
e
c
t
i
o
n
 
i
n
s
t
r
u
m
e
n
t
 

Equivalent 

fractions, addition 

of fractions, word 

problems 

F M 

1 Day one 

week one  

28 47 Quan Pretest  

2 

 

Day two 

week one to 

day four 

week two 

 

28 47 Qual CPA intervention: 

Classwork activities  

And Task-based 

interviews 

3 Day five 

week two 

28 47 Quan  Post-test 

 

The Annual Teaching Planning (ATP) for the senior phase Grade 7 Mathematics 

curriculum allocated a total of 9 hours specifically for the teaching and learning of 

fractions, spanning nearly two consecutive weeks. At the outset of the first week, a pretest 

was administered to assess learner prior knowledge and understanding of fractions.  

Following the pretest, a targeted intervention was implemented using the CPA approach, 
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which was designed to enhance conceptual understanding by moving from tangible 

objects to visual representations and then to abstract symbols. The researcher engaged 

learners through hands-on activities, visual aids, and problem-solving exercises that 

fostered a deeper comprehension of fractions. 

By the end of the second week, the learners had completed a post-test to evaluate their 

progress and the effectiveness of the teaching strategies employed during the 

intervention. This systematic approach aimed to ensure that the learners not only retained 

knowledge but also developed a strong foundational understanding of fractions. After the 

intervention, the post-test was administered to determine the learners’ level of 

understanding of fractions. It is possible that the test itself can lead to improvements, 

which can be attributed to factors such as participants recalling questions or the questions 

increasing awareness and triggering learning after the pre-test, independent of the 

subsequent intervention (Marsden & Torgerson, 2012). To ensure accuracy, it is 

recommended to use two or more equivalent versions of the ‘same’ test, counter-

balanced among participants at the pre-and post-test stages. The post-test involved the 

same test items as the pre-test. However, in the post-test, the pretest items were 

reshuffled to avoid learners’ recognition. The primary goal of the pre-test wasto establish 

the group’s level of understanding of fractions before the intervention, while the post-test 

aims to evaluate the effectiveness of the intervention. The post-test results were 

compared to the pre-test results to determine the progress made by the targeted group.  

Overall, the use of pre-test and post-test data collection methods was essential for this 

study, as it enabled the researcher to assess whether the use of the CPA approach 

enhances the targeted group’s conceptual understanding of fractions. 

3.6.2 Data collection instruments for the qualitative data  

3.6.2.1 Document analysis 

Data were collected through documents as a method of gathering information for the 

qualitative study. Document analysis play a crucial role in enhancing data, verifying 

findings, and strengthening evidence from other sources (Bowen, 2009). They are often 



67 
 

used in combination with interviews and observations to gain a deeper understanding of 

the phenomenon being studied (Merriam, 1998). “Classwork tasks (Appendix G) 

generated data as documents, which allowed the researcher to analyse learners’ 

responses during the CPA approach intervention. While learning fractions, task-based 

interviews were used to learn about an individual’s comprehension, operations, and 

connection abilities”. Learners were provided with concrete objects to help them solve 

fraction problems. For example, one task presented to the learners was: “Four friends are 

enjoying 10 muffins. How many muffins will each friend receive to ensure everyone gets 

a fair share?” Each group was given balls of dough and a plastic knife, and they were 

tasked with finding a way to share the muffins fairly among their group. Qualitative data 

were collected during the intervention while learners engaged in the three stages of CPA: 

concrete, pictorial, and abstract. Observations were made as learners transitioned from 

using concrete objects to pictures, and finally to the abstract phase, to solve the fraction 

problems. 

To maintain the integrity of the CPA approach in the current study, it was essential to 

implement the intervention correctly and effectively. This ensured that learners truly 

understood the concepts instead of merely memorising procedures. The goal was to 

foster deep and lasting comprehension.   

Here are key aspects that were considered: 

The Concrete Stage: This is the "doing" stage where learners used physical, hands-on 

objects to model problems. To maintain integrity, this stage was more than just a quick 

demonstration.   

• The stage was made meaningful by using a variety of manipulatives (e.g., counters, 

blocks, fruits) to represent concepts. This prevented learners from associating a concept 

with only one type of object, helping them see the underlying mathematical idea.   

• Learners were encouraged to explore by letting them actively manipulate the objects 

and discover relationships on their own. This hands-on experience built a tangible 
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understanding of the concept. For instance, when teaching addition, learners should 

physically combine two groups of counters and then count the total.   

• To link it to the problem, the researcher ensured that the concrete materials are directly 

linked to the problem being solved. The objects should serve as a clear, physical model 

of the mathematical situation. 

The Pictorial Stage: This is the "seeing" stage where learners move from physical 

objects to visual representations. This stage is a critical bridge to abstract thought.  

To maintain its integrity, the following were ensured:   

• The connection to the concrete was done by ensuring that the pictorial representations 

directly reflected the concrete objects or actions the learners had just experienced. This 

helped them make a mental connection between the physical and the visual. For 

example, after using physical counters, learners can draw simple circles or squares to 

represent those counters.   

• Usage of diverse representations encouraged learners to represent the same concept 

in different pictorial ways, such as using bar models, number bonds, or arrays.  

Abstract Stage: This is the "symbolic" stage where learners use numbers and 

mathematical symbols. This is the final step, but its integrity relies entirely on the two 

previous stages.   

• To ensure integrity, the researcher built on prior understanding. Learners progressed to 

the abstract stage when they have a solid, demonstrated understanding of both the 

concrete and pictorial stages. Introduce symbols like '+' or '—' only when they have a 

deep conceptual understanding of addition and subtraction.   

• The link was maintained by continuously referencing the concrete and pictorial stages 

even when working with abstract symbols. For example, asking learners to explain how 

the abstract equation 1/2 + 1/2 = 1 relates to the half counters they had, and the total of 

one counter.  
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• At this stage, the researcher focused on communication by encouraging learners to 

articulate their thinking and explain how the different stages are connected. This 

verbalisation helps to solidify their understanding and reveals any misconceptions. 

3.6.2.2 Task based interviews 

The type of interviews used in this study were task-based interviews. Assad (2015) 

defines a task-based interview as an interview in which participants engage in solving a 

specific task while interacting with the interviewer. This approach facilitated in-depth 

questioning and probing, resulting in rich data regarding participants’ responses to the 

tasks (Bolderston, 2012) and allowed the researcher to investigate how learners apply 

their pre-existing knowledge to solve problems involving fractions. Cohen et al. (2018) 

assert that the interview may be used to serve three purposes: (1) to gather subjective-

rooted data on the participants’ perceptions, values, and beliefs; (2) it can be used as an 

explanatory device to explain relationships and identify variables; and (3) they further 

argue that interviews can do what surveys cannot, which is to explore issues in depth, to 

see how and why participants frame their ideas in the ways that they do. Moreover, the 

study employed task-based interviews to gain a comprehensive understanding of 

individual learner’s’ comprehension, reasoning processes, and decision-making abilities 

while learning fractions within a CPA learning environment. The interviews were 

conducted during the CPA approach intervention lessons. The interviews were designed 

to encourage learners to reflect on their learning experiences and provide detailed 

information about their gaining knowledge of common fractions. The task based 

interviews helped the researcher  to explore the responses  of the learners during the 

lessons.  All the interviews were voice-recorded using a voice recorder. Learners were 

divided into groups of four or five, with all groups receiving the same activity and materials 

to model a given problem. The tasks were designed to generate data based on each 

group’s responses. 
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3.7 DATA ANALYSIS 

3.7.1 Data analysis for the quantitative data 

Quantitative data were analysed through descriptive statistics (mean and median) and 

inferential statistics (paired samples t-test). Descriptive statistics was used to describe 

the data, while inferential statistics, such as paired sample t-tests was used to determine 

if there are statistically significant differences between the pre-test and post-test scores 

of the group (Cohen et al., 2018). The primary aim of using t-tests is to systematically 

evaluate and compare the means of two separate data sets in a study, with the intent of 

discovering and determining any statistically significant differences that may be present 

between those two data sets (Jansen & Warren,2020) . This helped the researcher to 

establish if the intervention had a substantial effect on the participants’ understanding of 

the concepts being studied. 

In addition to the t-test, Cohen’s -d was used to check the magnitude of the gain in 

conceptual understanding due to the intervention. Cohen’s d is a popular effect size 

measure to compare two group means. It is calculated by dividing the difference between 

the means by the standard deviation of group. It is commonly used in t-test reporting 

(Baker, 2000). In situations where there may be an upward bias in Cohen’s d, Hedges’ g 

is recommended as an alternative effect size measure (Jane et al., 2024). Cohen’s -d is 

a standardised measure of the effect size that allows for a comparison between different 

studies. This helped the researcher to determine how much of an impact the intervention 

had on the learners’ conceptual understanding of the topic studied fractions. Overall, this 

study’s use of descriptive and inferential statistics, along with the incorporation of 

Cohen’s—d, provided a comprehensive analysis of the intervention’s effectiveness in 

improving conceptual understanding. 

3.7.2 Data analysis for the qualitative data 

Qualitative data from classwork activities as well as from task-based interviews were 

analysed using deductive thematic analysis. According to Braun and Clarke (2012), 

thematic analysis is defined as a process of analysing the data by looking for patterns 
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and themes. Thematic analysis can be conducted through both deductive (top-down) and 

inductive (bottom-up) methodologies (Dawadi, 2020). Deductive thematic analysis 

involves analysing data through pre-existing theoretical frameworks or concepts (Braun 

& Clarke, 2006).  These themes were categorised as comprehension, operation and 

connections as outlined in the theory. Furthermore, Braun and Clarke (2006) assert that 

deductive thematic analysis is particularly useful in studies where specific hypotheses or 

theories guide the research process.  

The following stages of thematic analysis, proffered by Braun and Clarke (2006), were 

followed: 1) familiarity with the data, 2) generate initial codes, 3) searching themes, 4) 

reviewing potential themes, 5) defining and naming themes, and 6) writing the report. This 

process allowed for the derivation of meaning from the data and gained insights into the 

research question.  

3.8 QUALITY CRITERIA  

For the qualitative part, the quality criteria in qualitative study part of this study included 

four components: credibility (truth value), transferability (applicability), dependability 

(consistency), and confirmability (neutrality) (Thomas & Magilvy, 2011). These aspects 

are discussed below. 

3.8.1 Credibility  

Ahmed (2024) defines credibility in qualitative research as a multifaceted process that 

requires engaging with participants over extended periods, maintaining consistent 

observational practices, and employing triangulation methods. This approach requires 

spending substantial time in the field, establishing a rapport with participants, and 

immersing oneself in their daily activities to gain profound insights that reflect their 

experiences accurately. 

 

To enhance the credibility and accuracy of the study, two key techniques were employed: 

triangulation and member checking. According to Rossman and Rallis (2003) and Patton 

(2002), triangulation is a systematic approach that entails verifying the accuracy of data 
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by cross-referencing findings from multiple sources and perspectives. In this study, data 

triangulation was executed by analysing various forms of information, including pre-test 

and post-test results, task-based interviews, and classwork documents. The collected 

data were then accurately compared against one another, enabling the researcher to 

corroborate findings and draw well-founded conclusions. 

 

In addition to triangulation, member checking was another essential technique utilised to 

confirm the credibility of the qualitative study. This process involves providing participants 

with the opportunity to review and validate the transcriptions of their own interviews, 

ensuring that their responses were captured accurately (Loiselle & Profetto-McGrath, 

2011). By allowing participants to engage in this review process, the researcher not only 

enhances the authenticity of the data but also empowers the participants by 

acknowledging their voices and perspectives throughout the research. This collaborative 

approach fosters a sense of trust and reinforces the integrity of the study’s findings. 

3.8.2 Transferability 

Transferability refers to the extent to which the findings of a study can be transferred or 

applied to other settings or contexts (Stalmeijer et al., 2024). This is an important 

consideration, as it provides a way to assess the relevance and usefulness of research 

findings beyond the specific study in question. The transferability of the findings in this 

study was assured by providing a rich and thick report of the study. This report provided 

a comprehensive detailed and thorough description of the study design, methods, and 

results. The researcher also sent the report to the language editor to ensure that the 

report is written in a clear and accessible way to other researchers to assure 

transferability. 

 

Transferability can also be established by providing a dense description of the population 

that was studied (Kakar et al., 2023). This includes information on the demographics of 

the participants, as well as the geographic boundaries of the research. By providing this 

level of detail, researchers can help readers assess the relevance and applicability of the 

findings to their own contexts. Overall, transferability is a crucial consideration for 

researchers who want to ensure that their findings are valuable and relevant beyond the 
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specific study in question. By providing detailed and comprehensive reports of their 

studies and by providing a dense description of the populations studied, researchers can 

increase the transferability of their findings and enhance their impact. 

3.8.3 Dependability  

Janis (2022) defines dependability as a way of ensuring that the findings are consistent 

over time. According to Merriam (1988), to ensure the reliability of qualitative research, 

researchers should employ three strategies: (1) the investigator’s position, (2) 

triangulation, and (3) an audit trail. In this study, the researcher used the techniques of 

triangulation and audit trail to ensure the dependability of the results. An audit trail is a 

detailed, full account of the research methods and data collection procedures (McLeod, 

2024). This involves explaining how categories were derived and how decisions were 

made throughout the study, as well as documenting every single piece of information. In 

this study, the researcher ensured that audit trails were established by directly quoting 

the data to confirm that the results were based on the participants’ narratives. Additionally, 

a detailed description was provided of how the data were collected and analysed. As 

already outlined, a data triangulation of classworks and task-based interview was used. 

Through triangulation and an audit trail, the researcher was able to provide a thorough 

and accurate description of the research methods and data collection procedures used in 

this study.” 

3.8.4 Confirmability 

Confirmability refer to  how well a study can be validated or supported by others and is 

based on presenting a series of evidence that allows the reader to trace the data sources 

and the illustrative examples from the data that back up the researcher's findings 

(Mertens, 2012). Despite how difficult it is to achieve total confirmability, Libarkin and 

Kurdziel (2002) advocate that qualitative researchers demonstrate objectivity and 

manage any possible biases. This can be accomplished by retaining study 

documentation, including original interview notes and transcripts, and permitting a peer 

review of the data analysis and interpretation processes (Libarkin & Kurdziel, 2002). To 

ensure the confirmability, the researcher took several steps. First, the research process 

and the limitations of the study were discussed. This allowed the reader to understand 
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how the research was conducted and the potential biases or constraints that may have 

influenced the findings. Second, the researcher fulfilled ethical requirements and took 

steps to protect the confidentiality and privacy of the participants. Finally, the researcher 

used member checking with the participants to ensure that the essence of the interviews 

and the responses in the learners’ work were correctly captured. This helped to increase 

the transparency and credibility of the research. 

 3.8.5 For the quantitative part 

 

For the quantitative part of the study, the researcher ensured content validity. Heale and 

Twycross (2015) define content validity as the extent to which an instrument adequately 

covers all aspects of the variable it is intended to measure. In other words, it refers to 

whether the instrument encompasses the entire domain related to the variable or 

constructs it was designed to assess. To ensure the content validity of the test, the 

researcher sought the assistance of two other Mathematics teachers and a subject 

advisor. They evaluated each question and ensured that the necessary characteristics 

were covered. This helped to ensure that the tests were reliable and accurately measured 

the content which is supposed to be learned. Furthermore, the content validity index (CVI) 

was calculated using the formula: CVI = (number of items judged as right by all judges / 

total number of items) (Cohen et al., 2018). This helped the researcher to determine the 

extent to which the questions were valid and relevant. Show the calculations and the 

results here. 𝐶𝑉𝐼 =  
20

25
 = 0,8. Then interpretation. The higher the CVI score, the higher 

the content validity of the test. 

 

The researcher also strove to maintain objectivity throughout the study. To sustain 

objectivity in this study, the researcher ensured that the test results were presented as 

they were, without any manipulation or alteration. This helped the researcher to ensure 

that the results were accurate and unbiased. 
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3.9 ETHICAL CONSIDERATION  

In conducting research that involves human beings, it is paramount for researchers to 

consider ethical considerations. These considerations refer to the moral principles and 

rules of behaviour that govern the conduct of research and protect the welfare and rights 

of the participants. According to Cohen et al. (2018), ethical considerations are critical in 

ensuring the safety, well-being, and dignity of human participants in research. In essence, 

researchers have an ethical responsibility to ensure that their research meets the highest 

standards of ethical conduct and adheres to the prevailing ethical guidelines. This 

includes obtaining informed consent from participants, ensuring confidentiality and 

anonymity, and minimising any potential harm or risks associated with the research. 

3.9.1 Ethical clearance 

The University of Limpopo's Turfloop Research Ethics Committee (TREC) granted the 

researcher an ethical clearance certificate with the reference number: TREC/1711/2023: 

PG, to conduct the research study. This certification is an essential prerequisite for 

conducting any research involving human participants and ensured that the study 

complied with ethical standards and guidelines. The TREC carefully reviewed the 

research proposal to ensure that it met all the necessary ethical requirements, including 

informed consent, privacy, and confidentiality of participants. This certification guaranteed 

that the study would be conducted in a fair, safe, and ethical manner and that all 

participants’ rights would be respected. 

3.9.2 Permission  

Permission was sought or requested for access to specific participants for a study from 

the person in charge of those participants. This study has undergone a thorough ethical 

review and has been granted clearance by the Turfloop Research Ethics Committee 

(TREC) at the University of Limpopo (Appendix A). Letters requesting permission were 

written to the Limpopo Department of Education (Appendix B) and the school 

management (Appendix D). The Limpopo Department of Education granted their 

permission to the researcher conduct the research (Appendix C), indicating that the study 
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complied with all necessary regulations and policies. Moreover, the researcher obtained 

permission to conduct research from the Moletji Circuit, which was crucial in ensuring that 

the study was conducted with due diligence and sensitivity to the local context. 

Furthermore, the office of the principal and the school management also granted 

permission for the research, indicating that the study had been well received and had the 

support of key stakeholders. Overall, the study underwent a rigorous scrutiny and was 

granted all necessary permissions, ensuring the research was conducted responsibly and 

ethically. 

3.9.3 Informed Consent 

When conducting educational research involving children, it is crucial to acknowledge that 

they may have different standing with the researcher in terms of power (Pillay, 2014). This 

recognition must be kept in mind throughout all the stages of the research process, 

including when obtaining informed consent (Cohen et al., 2018). According to the 

Department of Health (2015), when conducting research involving children under the age 

of 18 years, a researcher should request an informed consent from the parents. 

Therefore, the learners’ parents were provided with letters of consent (Appendix  E) to be 

informed about the study and indicate if they would allow their children to participate in 

the study or not. According to Manti and Licari (2018), the informed consent form should 

be written in clear and easily understandable language for the participants. It must also 

minimise the risk of coercion or undue influence. Therefore, the parents’ letter was also 

translated into Sepedi (Appendix F), the local language in which the school is situated. 

The learners were also provided with assent forms to sign to indicate if they were willing 

to participate in the study.  

3.9.4 Voluntary participation  

Research participants have a right to withdraw from the research at any point in time 

without any consequence or penalty (Iseselo & Tarimo, 2024). Before the commencement 

of the study, all the participants were provided with a detailed explanation of the study’s 

purpose, procedures and expected outcomes. They were informed that their participation 
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in the study was entirely voluntary and that they were free to withdraw from the study at 

any point without any negative consequences. Additionally, they were assured that their 

decision to participate or not participate in the study would not be influenced or intimidated 

in any way. The participants asked any questions they had and were provided with all the 

necessary information to make an informed decision regarding their participation. 

3.9.5 Anonymity and confidentiality  

In South Africa, the Protection of Personal Information Act (POPIA) requires researchers 

to secure personal data, obtain informed consent, and process information lawfully and 

ethically (Adams et al., 2021). The study took several measures to protect the privacy 

and confidentiality of learners. Learners were assured that their data would be stored 

safely and securely and would not be traced back to them. To further ensure anonymity, 

pseudonyms were used instead of the learners’ real names and the names of their 

schools throughout the entire reporting process. These measures were put in place to 

provide a safe and secure learning environment for all learners. 

3.9.6 Beneficence and maleficence 

Beneficence refers to actions that enhance the well-being of individuals and the academic 

community (Garg & Gupta, 2015). Participants were aware of the benefits they could gain 

from this study by learning common fractions through the CPA approach. Learners were 

informed that by using manipulatives, they could experiment with and explore different 

strategies, thereby developing their problem-solving skills in a hands-on manner.  The 

CPA approach is particularly beneficial for learners who learn best through visual and 

kinesthetic methods. It can also support learners with learning difficulties by providing a 

more accessible and engaging way to understand mathematics. 

Maleficence refers to the ethical guideline of “do no harm,” which requires researchers to 

refrain from inflicting any physical, psychological, or emotional distress on participants 

(Buchanan & Warwick, 2021). Throughout the study, the researcher established a 

supportive environment where participants could openly express any questions or 

concerns they had regarding the research process. This initiative included regular 
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informational sessions and one-on-one check-ins to ensure that all participants felt 

comfortable and informed. By proactively addressing participants’ inquiries, the 

researcher aimed to foster trust and transparency, highlighting his unwavering 

commitment to ethical research practices, including the participants’ welfare and informed 

consent. This approach not only aimed to enhance participant engagement, but also to 

uphold the integrity of the study. 

3.10 CHAPTER SUMMARY 

This chapter discussed the methodology employed by the researcher in the study. It 

began by highlighting the importance of understanding and acknowledging the 

philosophical assumptions that guide research. Philosophical ideas, often hidden and 

implicit, shape how researchers approach their studies and interpret their findings. 

Understanding these ideas empowered the researchers to avoid flawed practices such 

as biased data collection and analysis. The chapter provided an in-depth understanding 

of the reasoning behind the choice of a mixed-method approach grounded in pragmatism. 

It also focused on the different methods that were employed to gather data, including both 

qualitative and quantitative techniques, and discussed how each of them was analysed. 

Additionally, it explored into the various criteria that were considered while evaluating the 

quality of the data, such as credibility, transferability, dependability, reliability, and validity. 

By the end of this chapter, the readers would have gained a comprehensive 

understanding of the different methods and techniques that were used to collect and 

analyse the data, as well as the various factors that were considered while assessing the 

quality of the data. 

The final section of this chapter delved into the ethical considerations that were m followed 

throughout the entire study. The section provided a detailed account of the measures 

taken to safeguard the privacy, dignity, and welfare of the participants, as well as the 

steps taken to obtain their informed consent. The researcher was committed to 

conducting the study ethically and with utmost integrity, and this section outlined the 

specific protocols and procedures that were implemented to achieve this goal. 
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In summary, the chapter provided a detailed overview of the methodology employed by 

the researcher, with a particular focus on the pragmatist paradigm. It highlighted the 

importance of acknowledging philosophical assumptions that guided the research and the 

choice of the most suitable approach based on the specific research problem. 

Pragmatism emphasises practicality and effectiveness over specific methods, and it 

recognises the existence of multiple versions of truth and reality.  
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CHAPTER FOUR 

DATA ANALYSIS, INTERPRETATION AND DISCUSSIONS 

4.1 INTRODUCTION 

Chapter three discussed the research methods employed in this study. Grounded in the 

pragmatism worldview, which prioritises practical outcomes and real-world applications, 

this study used a mixed-method approach that integrates both quantitative and qualitative 

data collection and analysis. The chapter described the specific research design 

employed, detailing the sampling methods, data collection instruments, and analytic 

techniques used. It also addressed the ethical considerations essential to this study, 

ensuring that all the participants’ rights were respected and that the research complied 

with established ethical standards. These considerations included obtaining informed 

consent, maintaining confidentiality, and ensuring the ethical welfare of all participants 

throughout the research process. 

Chapter four presents the data, analysis, interpretation, and discussion of the findings to 

answer the research questions and to test the hypothesis of the study. In phase one, 

learners were given a pretest out of 25 to assess their understanding before the CPA 

approach intervention. In the second phase, the CPA approach was implemented, and 

learners were given a post-test thereafter. Quantitative data were collected using a pre-

test and a post-test and analysed using descriptive statistics (the mean and standard 

deviation) and inferential statistics (paired sample t-test). The t-test was used to establish 

whether there were statistically significant differences between a pre-test and a post-test 

for the same group (Cohen et al., 2018). Cohen’s - d was used to establish the magnitude 

of the gain in conceptual understanding because of the intervention. Quantitative data 

were used to answer the first research question and to test the null hypothesis of the 

study related to that question:” 

What change in the conceptual understanding of fractions do Grade 7 learners have after 

being exposed to the CPA approach? 

The null hypothesis is:  
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H₀: There is no significant difference between learners’ pre-test and post-test scores of 

fractions. 

The alternative hypothesis for the null hypothesis was:  

H₁: There is a significant difference between learners’ pre-test and post-test scores of 

fractions. 

The null hypothesis was evaluated using a significance level of α = 0.05. 

The data collected from classwork tasks and task-based interviews  was examined to 

respond to the second research question of this study: 

How does the use of the CPA approach improve Grade 7 learners’ conceptual 

understanding of fractions?  

During the qualitative phase, learners were provided with concrete objects to solve the 

fraction problems. For example, learners were given the following fraction problem to 

solve: “Four pals are enjoying 10 muffins, ensuring that everyone gets a fair share. How 

many muffins will each buddy receive?” Each group was given balls of dough and a plastic 

knife. They were required to find a way to share the muffins fairly within a group of learners 

(see Figure 3). Qualitative data were collected during the intervention when learners were 

engaged in these three stages of the CPA: concrete, pictorial, and abstract. Learners 

were observed when translating between concrete objects to pictures and then the 

abstract phase to solve the fractions’ problems. 

Written classwork tasks and task-based interviews were used to collect the qualitative 

data during the intervention. Classwork tasks generated data as documents, which 

allowed the researcher to study learners’ responses during the CPA approach 

intervention. While learning fractions, task-based interviews were used to learn about an 

individual’s comprehension, operations, and connection abilities. All interviews were 

voice-recorded. These data were analysed using deductive thematic analysis where 

patterns and themes were derived from the theory (Braun & Clarke, 2012)”. 
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4.2. QUANTITATIVE DATA PRESENTATION AND FINDINGS 

The data collection period was accurately planned to align with the designated time for 

covering the common fractions topic in the ATP, ensuring a smooth integration that would 

not disrupt the teaching schedule or inconvenience the teachers and learners. The 

process of gathering quantitative data began with administering a pre-test that all 

participants were required to complete during the begin of the data collection period. 

Then, all scripts generated from the pre-test and post-test were thoroughly collected, 

carefully reviewed, and thoroughly marked by the researcher. The marking process 

involved a detailed item analysis, wherein each question was assessed thoroughly, and 

marks were allocated based on the correctness of the responses provided by the 

learners. For instance, each item within a question was thoroughly evaluated, with correct 

answers awarded a mark of 1. At the same time, incorrect responses were indicated by 

a mark of zero (0. This systematic approach to marking not only ensured accuracy and 

consistency but also provided the researcher with complete insights into the individual 

performance of the learners on each specific question, enabling a deeper understanding 

of their strengths and areas for improvement. The recording of marks for each question 

on both the pre-test and post-test were crucial in facilitating a thorough comparison 

between the two assessments, allowing the researcher to identify patterns, trends, and 

areas of growth or regression with a keen eye for detail and precision. By adopting this 

data collection and analysis approach, the researcher aimed to gain a better and 

comprehensive understanding of the learners’ progress and development throughout the 

study, humbly acknowledging the importance of thoroughness and attention to detail in 

educational research.  

Table 4.2 shows a summary of raw correct and incorrect individual marks from both the 

pre-test and post-test. For instance, under the conceptual understanding indicator 

“Comprehension” there were 5 items on the test on the test multiplied by the 75 

participants, which, gives us the total expected corrected responses (5×75 = 375). Then 

225 means that of all 375 possible correct responses, only 225 were correct irrespective 

of the weighting on those scores.  
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Table 4.2: Summary of raw correct and incorrect responses from both the pre-test and 
post-test 

 

 

Conceptual 

understanding 

indicator 

Total 

correct 

expected 

in each 

indicator 

The 

total 

correct 

marks 

for the 

pre-

test 

% Mean 

(n=75) 

The 

total 

correct 

marks 

obtained 

for the 

post-

test 

Mean 

(n=74) 

% 

(Comprehension) 

Equivalent fractions 

375 225 60,00% 45 266 52 70.81% 

(Operations)Addition 

of fractions 

375 254 67.73% 50.8 266 53 71.89% 

(Connection)Word 

problems 

450 19 4.28% 3.2 271 45.2  61.04% 

 

4.2.1 DESCRIPTIVE STATISTICS ANALYSIS 

Descriptive statistical analysis was used to effectively summarise, group, and compare 

the results obtained before and after the intervention. This analysis explored any potential 

relationship between the conceptual understanding of fractions and using the CPA 

approach during fraction lessons. The findings were presented in tabular form, 

highlighting percentages, mean scores, standard deviations, and N-gain scores. The 

participants' marks for each conceptual understanding indicator were aggregated and 

thoroughly compared to detect any patterns or changes. The aggregated scores of the 

participants for each conceptual understanding indicator were thoroughly compared 

between the pre-test and post-test groups, providing valuable insights into the 

effectiveness of the learning intervention. The Hake's gain metric, introduced to physics 

education by Richard Hake in 1998, is commonly used to assess learner progress when 
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a test is given both at the start (pre-test) and the conclusion (post-test) of a course.  

According to Coletta and Steinert (2020), normalised gain or Hake’s gain serves as a 

metric for evaluating the extent of change in learner comprehension by comparing their 

performance on the same concept test at the beginning and end of an intervention. 

Normalised gain measures the proportion of concepts that learners have acquired 

throughout the course relative to what they knew at the outset. Hake’s gain, represented 

by the symbol g, is calculated as the ratio of the total score difference to the maximum 

potential increase in score:” 

𝑔 =
(𝑝𝑜𝑠𝑡) − (𝑝𝑟𝑒)

100 − 𝑝𝑟𝑒
 

The terms “pre” and “post” denote the percentage grade achieved on the test at the 

commencement and upon completion of the course, respectively. In the process of 

computing the average grade for an entire class, the instructor is faced with two primary 

options: the first is to calculate the grade for each participant individually and 

subsequently determine the average. In contrast, the second involves averaging the pre- 

and post-marks for the entire class before calculating the overall grade. A higher level of 

rigour characterises the former method; however, it is essential to note that a perfect 

score on the pretest would lead to a division by zero. On the other hand, the latter method 

is often perceived as more uncomplicated to execute, although it may obscure crucial 

details regarding individual participants’ performance. The primary focus of this research 

paper was on the gains made by conceptual understanding indicators, and as such, we 

exclusively rely on the latter approach for our analysis.  Table 4.3: N-gain value and 

interpretation of the scores  

HAKE GAIN VLAUE INTERPRETATION 

(g)>0.70 High 

0.30<g≤0.70 Medium 

(g)≤0,30 Low 
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Madsen et al. (2014) state that normalised gain is a useful tool for evaluating how well a 

teaching method helps learners improve their understanding of concepts. While some 

argue that normalised gain exhibits a bias towards pre-existing scores, Coletta and 

Steinert (2020) indicate that the root of the problem lies more in the bias stemming from 

omitted variables rather than any inherent bias within the metric itself. In addition, it has 

been noted that normalised gain plays a crucial role in providing valuable insights into the 

effectiveness of teaching methods, particularly when examining how various learners’ 

demographics respond to the same educational approach. Nevertheless, a word of 

caution is warranted in the interpretation of normalised gain. Nissen et al. (2018) 

emphasised that it has the potential to favour certain learner groups with higher pretest 

scores, underscoring the significance of considering the varying abilities of learners when 

conducting analyses on normalised gains.  

“In this study, the N-gain scores were used to determine the effectiveness of the CPA 

approach on Grade 7 learners’ conceptual understanding of fractions. The percentages 

achieved by the participants for each indicator in both the pre-test and post-test were 

used to calculate the N-gain score for each indicator. The N-gain scores for each indicator 

were computed using the Meltzer (2002) equation. Subsequently, these scores were 

analysed and documented in Table 4.4, along with their respective interpretations.” 

Table 4.4 The percentages, mean scores and standard deviations of the pretest and 
posttest scores and the N-gain value. 

Indicator  Pretest % Post-test % N-gain 

score(g) 

N-gain 

criteria 

Comprehension 60,00 70,81 0.255 Low 

Operations  67,73 71,89 0.103 Low 

Connections  ,28 61,04 0.592 Medium 

Mean score  44.58 67,91 0.420 Medium  

 

“The evaluation of the learners’ performance was conducted through an analysis involving 

the comparison of various metrics such as percentages, mean scores, and standard 

deviation. These metrics were used to assess the marks obtained by the learners both 

before and after the intervention took place. A thorough process was employed to 
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determine the percentages achieved by the learners for each specific indicator. This 

process involved the use of raw marks from Table 4.2 in Microsoft Excel. These 

percentages were calculated by dividing the total raw mark attained in each conceptual 

understanding indicator by the expected raw mark, followed by multiplying the result by 

100.  

Equivalent fractions entail the first measure of conceptual understanding as emphasised 

by the CAPS document as an annual teaching plan (ATP). As entailed in the CAPS 

document, Grades 7-9 in South Africa states the following about equivalent fractions: 

 Use the knowledge of equivalent fractions to add and subtract common fractions.  

 Use equivalent forms of common fractions with denominators that are multiples of 

each other.  

 Count forwards and backwards in fractions and illustrate simple equivalent 

fractions.  

Understanding equivalent fractions is a key concept highlighted in the CAPS document. 

It is important for learners to understand the concept of equivalent fractions and to be 

able to manipulate them, particularly in the context of adding and subtracting common 

fractions. Additionally, learners should be able to represent fractions in various equivalent 

forms. Table 4.2 shows that initially, in the pretest activity, learners did relatively well, 

getting 60.00% of items correctly with a mean score of 45.  

The data presented in the tables provides evidence of a substantial 70.81% enhancement 

in the learners’ performance after their exposure to the CPA approach, showcasing a 

noticeable 10% variance between the pre-test and post-test results. Nevertheless, a more 

in-depth examination through the N-gain analysis reveals that the improvement in 

understanding equivalent fractions was merely 0.225, signifying a relatively low level of 

achievement in this particular area. As discussed by Primanda et al. (2018), such low 

levels of achievement may indicate that the adopted teaching methodology did not 

effectively contribute to the advancement of knowledge in equivalent fractions. In 

contrast, a moderate level of achievement suggests some degree of progress. The figures 
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and scores displayed in Table 4.4 serve to illustrate that, contrary to expectations, the 

CPA approach did not significantly improve the learners’ capacity to compute equivalent 

fractions when compared to the conventional teaching techniques commonly employed. 

The operation indicator primarily focuses on the addition and subtraction of standard 

fractions, which includes mixed numbers, and is limited to fractions that share the same 

denominator or where one denominator is a multiple of the other. Learners should perform 

calculations that are not based on specific contexts and also solve problems using 

contextual scenarios. When adding and subtracting fractions with different denominators, 

the LCM needs to be determined. In this case, learners utilise their understanding of 

common multiples to identify the LCM, meaning the number that both denominators can 

be divided into. It is equally important that without the necessary conceptual 

understanding, such as recognising equivalence, estimation, unit fractions, and part-

whole relationships, learners find it challenging to complete calculations involving 

fractions (Bruce et al., 2014). According to Table 4.4, the operations indicator did not 

show much improvement. In the pre-test, learners demonstrated strong performance with 

a high score of 67.73%, which was the highest among the three indicators. This suggests 

that learners may have been particularly confident in this specific area.  In the pre-test, 

the participants were able to accurately answer 254 items out of the total of 375 items, 

resulting in a calculated percentage of 68.65%. Subsequently, during the follow-up 

assessment, they correctly responded to 266 items out of the exact total of 375, equating 

to 71.89%. The disparity in percentage points between the post-test and pre-test amounts 

to a marginal 3.24%, indicating minimal progress between the two evaluation periods. A 

careful exami of the N-gain metrics further substantiates these outcomes. Specifically, 

there was a recorded N-gain score of 0.103, denoting a relatively modest advancement 

in performance. The potential reason for this could be that learners did not pay sufficient 

attention during the CPA approach lesson because they were already confident in their 

abilities before being introduced to the CPA approach. Additionally, it is possible that the 

CPA approach did not effectively assist learners in understanding addition and 

subtraction or enhancing their arithmetic skills. Additionally, these findings align with the 

conclusions drawn by Trivena et al. (2017), whose research highlighted the challenges 

fifth-grade learners face in mastering addition and subtraction operations involving 
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fractions with varying denominators. This underscores a widespread deficiency in the 

fundamental conceptual understanding of fraction arithmetic, particularly in relation to 

addition and subtraction. According to Dhlamini and Kibirige (2014), the possible 

explanation for this is that learners face challenges when adding algebraic fractions 

compared to numerical fractions. The researchers observed that they often commit errors 

and exhibit misconceptions in this area, primarily due to their reliance on shortcuts instead 

of adhering to the correct algorithmic methods. Furthermore, the study indicated that 

these errors and misconceptions in adding fractions are often rooted in the early years of 

primary school education. Notably, these difficulties can significantly impact learners’ 

performance in formal assessments. 

 

Word problems in Mathematics are a type of problem-solving exercise that presents a 

real-world scenario and requires the use of mathematical concepts and operations to find 

a solution (Verschaffel et al., 2020). These word problems aim to connect mathematical 

concepts to practical, everyday situations. In this study, word problems were used to 

assess connections. The analysis presented in Table 4.3 shows that the word problem 

component exhibited the lowest score during the pre-test phase. The learners’ 

performance indicated that only 19 items out of 444 were answered correctly, resulting in 

a mere 4.48% of achievement. This particular outcome stands out as the most deficient 

among all the assessment indicators, highlighting an apparent deficiency in the learners’ 

understanding of conceptual understanding related to fractions within the context of word 

problems. The word problems presented to the learners necessitated the utilisation of 

various models of fractions, such as area, length, and set models, as exemplified in Table 

1.1, to enhance their conceptual understanding of fractions. Moreover, mastering fraction-

based word problems demanded a strong focus on three crucial components of 

conceptual understanding: comprehension, operational skills, and the ability to establish 

connections between different mathematical concepts. 

 

The substandard performance observed in the pre-test results can be attributed to a 

multitude of factors. For instance, language barriers could have hindered learners from 

deriving meaning from the word problems they encountered. This assertion finds support 
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in the research conducted by Howie (2017), who noted that a significant number of Grade 

12 learners struggled with mathematical challenges involving word problems. 

Furthermore, difficulties in interpreting word problems might have arisen due to language 

constraints (Copur-Gencturk & Doleck, 2021). Their findings indicated that learners 

frequently encountered challenges in interpreting the questions, translating them into 

mathematical expressions, identifying the appropriate operations to perform, and 

providing comprehensive and accurate solutions. 

 

Upon the completion of the post-test phase, it became apparent that the learners had 

made considerable progress, achieving an overall 64.04%. The improved results were 

not only promising but also firmly supported by a thorough analysis of the N-gain score, 

which remarkably stood at 0.592. This score indicates a substantial positive change, 

showcasing the effectiveness of the CPA approach intervention and highlighting the 

significant progress made in understanding and applying the concepts. The interpretation 

of the N-gain value signifies a moderate level of improvement, indicating that the 

implementation of the CPA approach effectively contributed to enhancing the learners 

understanding of fraction-related word problems.
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Figure 4.1 Comparison of the overall pre-test and post-test results  

In the visual representation provided in Figure 4.1, it can be observed that there is a 

notable similarity in the percentages of pre-test and post-test results for comprehension 

and the operation skills of fractions. Particularly in the post tes,t were both scored at 

almost 70%. Conversely, when considering connections (word problems), there appears 

to be a considerable difference, with a mere 4.48% alignment. This discovery holds 

significant implications, as it has effectively enlightened the researcher regarding the 

specific areas where the learners encountered challenges. This also indicates how 

learners struggled with fractions word problem at the begin of the study. Furthermore,  

data depicted in Figure 4.1 indicate that the learners involved required a considerable 

amount of support when dealing with word problems. Notably, during the post-test phase, 

there was a substantial improvement in the performance in fractions word problems 

compared to equivalent fractions and addition of fractions, ending in a success rate of 

61.04% for the former. The difference between the pre-test and post-test outcomes for 

word problems was calculated to be 56.76%. In contrast, the variance for equivalent 

fractions stood at 10.81%, while it was a mere 4.16% for the addition of fractions. This 

detailed analysis holds paramount significance, as it reveals the extent to which the CPA 

approach profoundly impacted each of the three aforementioned indicators, particularly 

in the fraction word problems or making connections. Drawing insights from the data 

presented in Figure 4.1 and Table 4.4, it is discerned that the mean score for the pre-test 

phase amounted to 44.08%, whereas for the post-test phase, it rose to 67.91%, reflecting 

an N-gain score 0.420. The N-gain pertaining to the mean score signifies a moderate 

gain, a classification highlighted in Table 4.3. Consequently, it can be deduced that the 

implementation of the CPA approach enhanced the conceptual understanding of 

fractions. 

4.2.2 INFERENTIAL STATISTICS 

“The analysis and interpretation of the descriptive findings revealed that the use of the 

CPA approach led to a notable enhancement in learners’ conceptual understanding 

across all three constructs. Noteworthy progress was particularly evident in the 

comprehension construct, notwithstanding to a greater extent than the other two 
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indicators; nevertheless, an upward trend was observed in those areas as well. Upon a 

thorough investigation into the collective mean scores and N-gain values, it was 

determined that the use of the CPA approach resulted in a more substantial increase in 

the conceptual understanding of common fractions. By conducting paired samples t-tests 

on the pre-test and posttest raw scores, the aim was to determine the statistical 

significance of the observed enhancement, thereby establishing the extent to which the 

implemented approach contributes to the improvement of learners’ conceptual 

understanding in common fractions. Furthermore, paired sample t-tests on the total raw 

scores obtained in the pre-test and post-test were also conducted to determine whether 

the increase in the pre-test and post-test mean scores in each group was significant 

enough to say that the  CPA approach enhanced the level of conceptual understanding 

of common fractions.” 

 

Inferential statistics, a significance level (α) of 0.05 indicates a threshold for determining 

whether to reject the null hypothesis. Specifically, this means that researchers accept a 

5% probability of making a Type I error, which occurs when the null hypothesis is 

incorrectly rejected despite being true (Sedgwick et al., 2022). Suppose the p-value 

obtained from a statistical test is less than 0.05. In that case, the result is considered 

statistically significant, suggesting that the observed effect is unlikely to have occurred by 

chance alone(Saliya, 2023).Paired sample t-tests on the pre-test raw scores of the 

individual conceptual understanding indicators were conducted to determine whether 

there was any statistically significant difference between the pre-test results of each 

indicator in the .The t-tests were to determine whether the improvement in the post-test 

regarding the individual indicators was significant enough to say that it is due to the 

teaching approach used. Furthermore, the independent t-test on the total raw scores of 

the post-test results was used to test for the null hypothesis of the study, which stated 

that:” 

 

H0: There is no significant difference between learners’ pre-test and post-test 

scores of fractions. 

The null hypothesis was evaluated using a significance level of α = 0.05. 
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The statistical software package employed for analysing data was Stata Release 18. In 

addition to providing summary statistics, the outcomes derived from conducting both 

independent and paired-sample t-tests are accurately outlined and discussed thoroughly. 

Specifically, the independent samples t-test was applied to examine and contrast the 

performance of male and female learners across the pre- and post-tests, aiming to identify 

any significant differences or patterns that may emerge. On the other hand, the paired 

samples t-test was used to analyse and evaluate the learners’ achievements and 

progressions between the pre- and post-tests, shedding light on the effectiveness of the 

CPA approach. Notably, the findings and implications of the analyses were accurately 

evaluated and discussed within the framework of a 95% Confidence Interval, which 

serves as a crucial statistical benchmark in determining the reliability and validity of the 

results obtained. 

Table 4.5: Comparisons between pretest and posttest performance  

Paired t-test 

---------------------------------------------------------------- 

Variable |     Obs        Mean    Std. err.   Std. dev.   [95% conf. interval] 

---------+-------------------------------------------------------------------- 

postt~25 |      75    14.37333    .5996315    5.192961    13.17854    15.56813 

preto~25 |      75           9    .5663221    4.904493    7.871579    10.12842 

---------+-------------------------------------------------------------------- 

    diff |      75    5.373333    .5656132    4.898354    4.246324    6.500342 

------------------------------------------------------------------------------ 

     mean(diff) = mean(posttotal25 - pretotal25)                  t =   9.5000 

 H0: mean(diff) = 0                              Degrees of freedom =       74 

 

 Ha: mean(diff) < 0           Ha: mean(diff) != 0           Ha: mean(diff) > 0 

 Pr(T < t) = 1.0000         Pr(|T| > |t|) = 0.0000          Pr(T > t) = 0.0000 

 

 

 

The learners’ overall performances showed a significant improvement in the post-test 

(p < 0.0001). Specifically, the average post-test performance of approximately 14, 3% 

is significantly higher than the pre-test average of 9,0 %. The results of the paired 
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samples t-test show that there was an increase of 5.37 in the post-test mean score. 

Furthermore, the p-value between the pre-test and post-test mean is p=0.000<0.05, 

the p-value suggests that there is a statistically significant difference between the pre-

test and post-test mean scores. Therefore, the null hypothesis that there is no 

significant difference between learners’ pre-test and post-test scores of fractions is 

rejected.  

Table 4.7. Effect size based on mean comparison 

Number of obs =        150 

 

        Effect size |   Estimate     [95% conf. interval] 

--------------------+------------------------------------ 

          Cohen's d |  -1.063861    -1.404481   -.7200768 

         Hedges's g |  -1.058459     -1.39735   -.7164206 

    Glass's Delta 1 |  -1.095594    -1.458079    -.727362 

    Glass's Delta 2 |  -1.034734    -1.392694   -.6712139 

   Point-biserial r |  -.4720831    -.5772755   -.3407685 

 

The average mark of the learners in the pre-test is -0.0367 standard deviations higher 

than the average mark in the post-test, indicating a minimal effect size. This suggests 

that, regardless of whether the difference in mean scores between the two testing 

conditions is statistically significant, the [actual] difference between the pre-test and 

post-test averages is negligible. Therefore, this shows that though CPA enhanced 

learners’ conceptual understanding of fractions, its effect is very low. 

Table 4.8. Gender Comparisons (Pre-test) 

Two-sample t-test with equal variances 

------------------------------------------------------------------------------ 

   Group |     Obs        Mean    Std. err.   Std. dev.   [95% conf. interval] 

---------+-------------------------------------------------------------------- 

  Female |      28        10.5    .9670497    5.117146    8.515778    12.48422 

    Male |      47    8.106383    .6706715    4.597892    6.756391    9.456375 

---------+-------------------------------------------------------------------- 
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Combined |      75           9    .5663221    4.904493    7.871579    10.12842 

---------+-------------------------------------------------------------------- 

    diff |            2.393617    1.145057                .1115216    4.675712 

------------------------------------------------------------------------------ 

    diff = mean(F) - mean(M)                                      t =   2.0904 

H0: diff = 0                                     Degrees of freedom =       73 

 

    Ha: diff < 0                 Ha: diff != 0                 Ha: diff > 0 

 Pr(T < t) = 0.9800         Pr(|T| > |t|) = 0.0401          Pr(T > t) = 0.0200 

Males and females showed different performance levels in the pre-test, with a 

significant difference of approximately 2.393617 marks favouring females over the 

males (p = 0.0401). 

Table 4.9:  Gender comparison (Post-test) 

Two-sample t-test with equal variances 

------------------------------------------------------------------------------ 

   Group |     Obs        Mean    Std. err.   Std. dev.   [95% conf. interval] 

---------+-------------------------------------------------------------------- 

  Female |      28    15.46429    .9448862    4.999868    13.52554    17.40303 

    Male |      47     13.7234     .765649    5.249025    12.18223    15.26458 

---------+-------------------------------------------------------------------- 

Combined |      75    14.37333    .5996315    5.192961    13.17854    15.56813 

---------+-------------------------------------------------------------------- 

    diff |            1.740881    1.231422                 -.71334    4.195103 

------------------------------------------------------------------------------ 

    diff = mean(F) - mean(M)                                      t =   1.4137 

H0: diff = 0                                     Degrees of freedom =       73 

    Ha: diff < 0                 Ha: diff != 0                 Ha: diff > 0 

 Pr(T < t) = 0.9192         Pr(|T| > |t|) = 0.1617          Pr(T > t) = 0.0808 

 

The difference of 1.740881 between female and male learners’ performances in the 

post-test was not statistically significant (p = 0.1617). This indicates that the 

performances of male and female learners were nearly identical in both the pre-test 

and post-test. This indicates that the intervention does not segregate between male 

and female learners. 
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Two-parameter logistic model                                Number of obs = 75 

Log likelihood = -185.37626 

------------------------------------------------------------------------------ 

             | Coefficient  Std. err.      z    P>|z|     [95% conf. interval] 

-------------+---------------------------------------------------------------- 

Discrim      | 

       pre11 |   2.257077    .807219     2.80   0.005     .6749571    3.839197 

       pre12 |   4.741786   2.424935     1.96   0.051    -.0109991    9.494572 

       pre13 |   13.39297   8.662211     1.55   0.122    -3.584657    30.37059 

       pre14 |   .7972605   .3924582     2.03   0.042     .0280565    1.566464 

       pre15 |   .6793912   .4463431     1.52   0.128    -.1954252    1.554208 

-------------+---------------------------------------------------------------- 

Diff         | 

       pre11 |  -.8919985   .2160243    -4.13   0.000    -1.315398   -.4685986 

       pre12 |  -.8345335   .1868018    -4.47   0.000    -1.200658   -.4684088 

       pre13 |  -.5858657   .1390247    -4.21   0.000    -.8583492   -.3133822 

       pre14 |  -.2526575    .333775    -0.76   0.449    -.9068446    .4015296 

       pre15 |   1.798248   1.114075     1.61   0.107    -.3852993    3.981796 

------------------------------------------------------------------------------ 

 

The analysis involved the execution of paired samples t-tests for the raw scores of 

individual constructs derived from both the pre-test and post-test assessments, which 

were thoroughly conducted with the primary aim of ascertaining whether the 

improvements that were noted within each specific construct across both groups were of 

a magnitude that could be deemed statistically significant enough to confidently assert 

that the teaching approach that was implemented indeed enhances the learners’ skills in 

relation to that particular construct. For instance, in the case of the paired samples t-test, 

it was employed to investigate whether the observed enhancement in the post-test scores 

pertaining to the construct of connections was substantial enough to justify the conclusion 
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that the teaching approach used had a positive impact on the learners’ abilities to make 

connections effectively. Moreover, paired-sample t-tests were also performed on the 

aggregate raw scores that were collected during both the pre-test and posttest phases, 

to evaluate whether the observed increase in the average scores from the pretest to the 

post-test within each group reached a level of significance that would allow for the 

assertion that the teaching approach employed has indeed contributed to an 

enhancement in the learners’ overall conceptual understanding of common fractions. 

Moreover, the magnitude of the intervention was determined using Cohen’s d. Cohen’s d 

is a popular effect size measure to compare two group means. It is calculated by dividing 

the difference between the means by the standard deviation of either group. It is 

commonly used in t-tests and ANOVA reporting (Baker, 2000). Cohen’s -d is a 

standardised measure of the effect size that allows for comparison between different 

studies. This helped to determine how much the intervention impacted the participants’ 

conceptual understanding of the topic being studied.” 

Table 4.10: Cohen’s d effect size interpretation 

Cohen’s d value Effect size interpretation 

0.2 Small 

0.5 Medium 

0.8 Large 

 

 

Analysis of paired sampled t-test 

 

Comprehension 

Table 4.11 Analysis of paired sample t-test outcomes regarding comprehension 

skills. 

Test  N SD Mean Mean 

diff 

SD 

diff 

t-

value 

P-

value 

Cohen’s 

d 

Pretest  75 1.498 3.000 0.4933 1.719 2,485 0.0152 0.38172 

Posttest 75 1.045 3.493  
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Since the p-value derived from the comparison of the mean scores of the pre-test and 

post-test regarding comprehension is P=0.0152<0.05, this p-value indicates that there 

exist moderate statistical differences between the pre-test and post-test mean scores on 

the comprehension of common fractions. Consequently, moderate evidence exists to 

reject the null hypothesis. This implies that the null hypothesis, which posits that there is 

no statistically significant difference between the pre-test and post-test mean scores 

concerning the comprehension of common fractions, is rejected. Furthermore, it is worth 

noting that the magnitude of Cohen’s d, which serves as a statistical measure for the 

effect size of the intervention, is calculated to be approximately 0.38172, a figure that 

compellingly indicates that the intervention effect associated with the CPA approach can 

be characterised as relatively medium in its significance and impact. Therefore, it can be 

inferred that learners instructed using the CPA approach in the post-test demonstrate 

enhanced comprehension of common fractions compared to those assessed in the 

pretest.” 

 

Operations  

 

Table 4.12: Analysis of the outcomes from the paired sampled t-test regarding the 

capability to accurately perform operations with fractions. 

 

Test  N SD Mean Mean diff SD diff t-value P-value 

Pretest  75 0.2467 1.2300 0.8667 2.016 3.724 0.0004 

Post-test 75 2.016 2.0967 

 

Learners who possess proficient operational skills demonstrate a significant capacity to 

effectively engage with fundamental mathematical operations while manipulating 

fractions in various contexts. The results derived from the paired samples t-test reveal a 

notable enhancement, specifically an increase of 0.8667 in the mean score of the post-

test, accompanied by a standard deviation difference of 2.016, indicating a substantial 

variation in the performance levels of the participants. This rigorous analysis implies that, 
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on average, the implementation of the CPA teaching approach has led to a marked 

improvement in the overall performance of learners when they are tasked with performing 

operations involving fractions, which in turn has played a pivotal role in fostering a deeper 

and more comprehensive conceptual understanding of fractions. Furthermore, an in-

depth examination of the paired samples t-test focusing on the comparative mean scores 

derived from both the pre-test and post-test assessments concerning operational 

proficiency reveals that there exists a statistically significant disparity between these two 

sets of scores, as evidenced by a p-value that falls below the conventional threshold of 

0.05 (p=0.0004<0.005). Consequently, the null hypothesis, which posited that no 

statistically significant difference could be identified between the mean scores of the pre-

test and post-test evaluations regarding operations with fractions, is thereby firmly 

rejected. Thus, it can be conclusively asserted that the use of the CPA approach has 

indeed enhanced the learners’ ability to proficiently utilise operations when addressing 

fraction problems, thereby contributing positively to their overall conceptual 

understanding of the Mathematics principles involved.” 

 

Connections 

Table 4.13: Analysis of paired sample t-test findings regarding the ability to 

establish connections among fraction concepts. 

Test  N SD Mean Mean 

diff 

SD 

diff 

t-

value 

P-value Cohen’s 

d 

Pre-test  75 0.737 0.253 3.360 1.633 17.82 P<0.0001 2.6057 

Post-test 75 1.668 3.613  

  

In Table 5, the calculated mean scores that were obtained from the pretest and post-test, 

which assessed the participants’ ability to comprehend the intricate connections between 

various interpretations of fractions, often referred to as constructs, as well as the 

corresponding representations, known as models, clearly indicate a substantial and 

statistically significant difference of 3.360. Moreover, the calculated Cohen’s d value for 

the intervention is 2.6057, indicating a substantial effect size associated with the CPA 

approach. Furthermore, the resultant p-value of p<0.0001, which is notably less than the 
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conventional threshold of 0.05, strongly implies that there exists a statistically significant 

disparity between the mean scores derived from the pretest and those from the post-test 

concerning the ability to establish connections, thereby effectively rejecting the null 

hypothesis that there is no statistical difference between the mean scores of the pre-test 

and post-test regarding the ability to draw connections between the constructs related to 

fractions and their respective models. In conclusion, it can be firmly asserted that learners 

who are instructed utilising the CPA approach demonstrate a marked ability to establish 

connections between the constructs of fractions and their models, which, in turn, 

significantly enhances their conceptual understanding of common fractions.” 

4.2.2 DISCUSSIONS OF QUANTITATIVE FINDINGS 

The quantitative findings were discussed to determine whether the CPA approach 

enhances learners’ conceptual understanding of common fractions, and to answer both 

the research question and test for the study’s null hypothesis. The discussion involves a 

discussion of findings made from descriptively analysed data and inferentially analysed 

data. The descriptive data was analysed using tables, graphs, means, percentages, 

standard deviation and N-gain scores; meanwhile, inferential analysis was conducted 

using paired samples t-tests and Cohen’s d to determine whether any increase observed 

in the post-test was statistically significant.” 

 What change in conceptual understanding of fractions do Grade 7 learners 

have after being exposed to the CPA approach? 

 

The descriptive analysis of the data as per Table 4.4 and Figure 4.1 suggests that learners 

had a significant improvement in the ability to make connections as compared to, 

comprehension and operations of fractions. In Table 4.4, the pre-test mean scores and 

percentages of the ability to make connections stood at 4.28 compared to the 

comprehension 60.81 and operation 68.65, indicating that the learners in both indicators 

before the intervention were almost at the same level. Furthermore, the low percentage 

of connections in the pre-test shows how poor learners were in this indicator, thus 

preventing learners from forming meaningful conceptual understanding. Such an analysis 

is supported by the analysis of Figure 4.1, which shows that the pre-test percentages for 
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the ability to make connections stood very low as compared to the other two conceptual 

understanding indicators. Furthermore, Table 4.4 illustrates that the comprehension 

performance in the post-test reached a percentage of 70.81, indicating a disparity of 10 

percent as evidenced in Figure 4.1 compared to the performance in the pre-test. This 

finding suggests that the efficacy of the CPA approach regarding the capacity to establish 

connections between fraction interpretations and fraction constructs was relatively low, 

as indicated by the N-gain analysis, which yielded a value of 0.255. Table 4.4 further 

illustrates that, when examining the outcomes of the post-test performance, the level of 

learners’ competence in mathematical operations was recorded at an impressive 71.89, 

an increase from the pre-test score of 68.65. This notable change represents a marginal 

enhancement of merely 3.24%, which serves to highlight the rather limited effectiveness 

of the interventions employed through the CPA approach. Furthermore, the validity of this 

analysis is corroborated by the N-gain value, which stands at a modest 0.103, further 

emphasising the need for a more effective teaching approach strategy to facilitate greater 

improvement.” 

 

The performance metrics observed in the post-test, which evaluated the capacity to 

establish connections among various concepts, registered an impressive value of 

61.04%, when compared with the markedly lower performance of merely 4.28% recorded 

during the pre-test phase, thereby facilitating the conclusion that there has been a 

remarkable enhancement quantified at 56.76%. This particular outcome stands out as the 

sole indicator reflecting significant performance improvement after the implementation of 

the CPA approach. In reference to the graphical representation provided in Figure 4.1, 

and further corroborated by the data encapsulated in Table 4.3, it becomes evident that 

the findings illustrate a medium to moderate level of effectiveness associated with the 

CPA approach, which is quantitatively expressed through an N-gain value of 0.592. 

 

“Therefore, the current study put forward a major finding with regard to the first research 

question:” 

 “The rejection of the null hypothesis of the study at p=0.00<0.05 and the 

acceptance of the alternative hypothesis, which states that there is a statistically 
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significant difference between the level of conceptual understanding of common 

fractions. Based on these findings, it is concluded that learners taught using the 

CPA approach will likely have a higher level of conceptual understanding of 

common fractions.”  

4.3 QUALITATIVE RESULTS ANALYSIS 

 

Qualitative data were collected through written classwork tasks and task-based 

interviews. Classwork tasks were used to generate data as documents. The classwork 

books allowed the researcher to study learners’ responses during the CPA approach 

intervention. The researcher used document analysis when analysing the data. Document 

analysis is a qualitative research method that systematically examines and interprets 

documents to elicit meaning, gain understanding, and reasoning processes and develop 

empirical knowledge of common fractions (Bowen, 2009). The task-based interviews and 

classwork analysis aimed to provide qualitative support for the outcomes of the pretest 

and post-test by addressing this research question: 

 What change in conceptual understanding of fractions do Grade 7 learners 

have after being exposed to the CPA approach? 

 

The qualitative data were analysed using deductive thematic analysis. Learners were 

presented with questions that sought to explore their comprehension, connections and 

operations as guided by the theoretical framework. The results of the analysis were fitted 

into the themes guided by the tenets of the theoretical framework: comprehension, 

connections and operations. 

 

Comprehension  

An analysis of learners’ responses to questions that required learners to demonstrate 

comprehension of common fractions; that is understanding fractions as concepts which 

is an interrelated construct, namely, part-whole, ratio, operator, quotient, and measure.   
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In one of the classwork activity questions during the CPA approach intervention, learners 

were presented with questions that sought to explore their comprehension. Four pals are 

enjoying 10 muffins, ensuring that everyone gets a fair share. How many muffins will each 

buddy receive? Learners were given a ball of dough and a plastic knife. They were 

required to find a way to share each group of cookies fairly with a group of learners. The 

illustrative vignette presented in Figure 4.1, which represents the response from group 2, 

serves as a relevant example of how these learners demonstrated a strong understanding 

of the concept of common fractions. These learners exhibited their comprehension by 

creating a visual representation of the problem at hand, which involved sketching four 

individuals who were sharing what appeared to be ten muffins. The learner accomplished 

this by utilising drawn lines to indicate the divisions among the muffins. Although some of 

the lines intersected at various points, it is apparent that nearly every stick figure depicted 

in the drawing would receive an allocation of two and a half muffins. Based on the 

illustration provided, the learner was able to arrive at a solution that reflects a thorough 

understanding of common fractions. Conversely, several learners appeared to encounter 

difficulties in generating an appropriate sketch; it was only after they were introduced to 

tangible manipulatives, specifically in the form of dough as illustrated in Figure 4.2, that 

they began to exhibit a clearer understanding of the task they were undertaking. Figure 

4.2  effectively illustrates how some learners successfully constructed ten muffins and 

proceeded to distribute them among four peers in a manner that was perceived as fair. 

The solutions that emerged from the manipulation of the dough muffins clarified to the 

learners that each individual would receive an equitable portion of two and a half muffins, 

as visually represented in the provided figures. 
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(Figure 4.1: Left) Group 2 learners’ picture showing how 10 muffins are shared 
between 4 friends. (Figure 4.2: Right) Group 2 learners use dough (Concrete) to show 
how 10 muffins can be shared amongst 4 friends.  

Most groups of learners could translate from concrete material (dough) to a drawing to 

get the answer. For example, in Figure 4.2, learners used concrete materials to 

demonstrate the division of the muffins. This indicates learners’ comprehension of 

the division of fractions because they were able to represent fractions as a part-whole. In 

Figure 4.3, learners showed fractions as an interrelated construct by representing them 

as a quotient and a ratio of  
10

4
. Furthermore, learners realised that the total number of 

muffins as an operator of 2
1

2
 of 4 as well as a measure of 10 multiplied by 

1

4
. To corroborate 

these findings, the researcher engaged group 2 learners in task-based interviews in this 

way: 

 

Researcher: Can one of the group members tell us how you managed to solve 

the problem? 

Learner 3:  Initially I had difficulty working the question until me and my friends 

started to make the muffins and shared them amongst ourselves. We 

then made a sketch. 
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Researcher: How did you use this sketch to solve the problem? 

Learner 2: Sketching the diagram helped us to see how we can share the pizza 

by cutting it into pieces of the same sizes and sharing them.  

Researcher: How did this assist you in understanding the concept?  

Learner 3:  I now understand it even better because after we made the muffins 

using the dough, we shared them. I could finally see that 2 and a half is 

the answer. This means that 10 divided by 4 equals two and a half. 

 

 

From the interviews, it is observed that the CPA helped the learners to comprehend the 

division of fractions. Learners moved from the concrete to the pictorial and then to the 

abstract stage to comprehend the problem. The CPA assisted the learners in applying 

part-whole, quotient, ratio and measure principles of comprehension of fractions. 

 

Operation: Conceptual understanding involves competence with operations involving 

fractions such as addition, subtraction, multiplication, and division. 

 

Most learners enjoyed fractions with manipulatives. However, it is important to note that, 

from the pre-test, learners were struggling with addition and subtraction of fractions with 

different denominators. One of the tasks required learners to demonstrate knowledge of 

operations involving fractions was the use of models such as building blocks to enhance 

their understanding. The tasks that learners were asked to work on were: 

 

Moloko and Orefile ordered two medium pizzas, one Chicken and one Mushroom. Moloko 

ate 
5

6
  of a pizza, and Orefile ate 

1

2
 of a pizza. How much pizza did they eat altogether? 

 

This task required learners to use the addition operation to get the answer. The task 

needed the learners to add the fractions of pizza eaten. Learners started by using the 
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building blocks as shown in Figure 4.3 to represent the fractions. The building blocks 

helped them to draw a pictorial representation of the addition in Figure 4.4. 

 

 

Figure 5.3 Group 5 learners’ use of building 

blocks for the addition of fractions. 

 

Figure 4.4 Group 5 Learners’ 

Diagrammatic Representation of the 

Pizza Model. 

 

Figures 4.3 and  4.4  show how group 5 learners used the pizza model in the form of 

building blocks to add fractions and the diagrammatic representation of the pizza model, 

respectively. The learners constructed the model by using the red, orange and blue 

blocks. The red blocks in Figure 4.3 and the green colour in Figure 4.4 represented the 

whole, which is 6 units whereas the orange blocks and the yellow colour represented the 

5 of the 6 blocks and the blue blocks and the brown colour represented half of the blocks. 

The learners applied the measure construct where 1 block represented a unit of the whole 

(1/6). The addition of fractions was demonstrated by 5 orange unit blocks and 3 blue unit 

blocks added together and compared to the whole 6. The learners realised that the added 

blocks (8) were 2 more than the whole blocks (6). The model and the picture allowed the 

learners to read off the answer as one whole and 2 more blocks. When moving to the 

abstract level, they were enabled to apply addition operation and find the answer as 1 

and a third. The researcher interviewed learners and asked them to explain if the models 

helped them find the answers: 
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Researcher: How did the use of models help you to understand operations involving 
fractions?  

Learner 1: The use of blocks and pizza models helps because now I could see and 
touch the six blocks that represented a whole, 5 blocks out of the whole 6 
blocks and half of the 6 blocks. So, it was easy to see what I was adding, 5 and 

3 which gave me 8 blocks of 
1

6
 each.  I also realised that when comparing 8 

blocks to whole 6 blocks equal to one whole and 2 blocks. therefore, what they 
all ate together was 1 whole pizza and 2 blocks. 

 

 

From the interviews, learners confirmed that the concrete materials helped them to read 

off the answer to the given question. This shows that the use of concrete objects made 

the addition of fractions meaningful and made it easier to work with the operation.  This 

statement highlighted the significant role that tangible, concrete objects play in enhancing 

the understanding of fractions in addition and in simplifying mathematical operations. The 

empirical findings presented by Africa et al. (2020) reinforce this claim convincingly. They 

found that the use of a fraction kit, comprising various concrete objects, within the CPA 

approach allowed learners to systematically investigate and explore all possible scenarios 

related to a specific mathematical context, utilising concrete representations and visual 

aids that were thoughtfully integrated with their everyday experiences. Moreover, 

Sumartini and Priatna (2018) observed a noteworthy trend indicating that cognitive 

abilities tend to develop gradually from concrete manifestations to more abstract forms of 

thinking. This highlights the essential role of foundational learning experiences in fostering 

higher-order thinking skills. 

 

Connections  

 

Connections in fractions refer to the ability to see the connection between fraction 

interpretations (constructs) and representations (models) and the inter-relationship 

between the constructs. To demonstrate connections involving fractions, learners were 

provided with paper strips representing the whole and the fractions for each runner. 

Learners were given the following fractions for each runner: Makwena:
3

4
   Sello:

1

2
  Maphuti: 
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5

6
   Shantel: 

5

8
  Khensani: 

5

9
  Phenyo: 

1

3
. The fractions indicate the distance covered by each 

runner compared to the whole. Learners were asked to respond to the following question: 

 

Can you place these friends on a line to show where they are between the start and finish, 

and determine who is winning? 

 

 

Figure 4.5 Learners’ use of paper strips to make connections of who is winning 

Figure 4.5 shows how group 4 learners compared each runner’s paper strip against the 

whole to determine who is winning. The learners developed connections between the 

fractions and the whole. They were able to apply the length model as well as a measure 

construct by connecting different kinds of fractions. This is indicated by the placement of 

the paper strips. Their placement of the strips enabled them to realise that 2 ×
1

4
, 3 × 

1

6
, 

4 ×
,1

8
 all were at the same length,  which equals to 

1

2
. The learners were also able to notice 

that 
1

9
 is smaller than 

1

6
 because three-ninths make 

1

3
 whereas two-sixths make 

1

3
. 

Furthermore, they realised that 
1

8
 is smaller than ¼ hence two-eighths make 

1

4
. They further 

realised that 3 x 
1

9
 equals 

1

3
 which is also equal to 2 x 1/6. The learners were also able to 

make connections between the areas of different fractions. They realised that 
1

2
 is greater 
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than 
1

3
 which is greater than 

1

4
 which is greater than 

1

6
 which is greater than 

1

8
 and 

subsequently 
1

9
. During the interviews, the learners responded this way: 

Researcher:  Based on how you have placed the paper strips for each runner, who is 

winning?  

Learner 2: Mmaphuti is winning.  

Researcher: Why do you say Mmaphuti is winning? 

Learner 2: I said Mmaphuti is winning because I can see on the paper strips that 
5

6
 

covers more area than all the other fractions. Hence, I am saying Mmaphuti is winning. 

 

 

The interview responses corroborated findings from the observations. These revealed 

that the CPA helped learners to form connections between fractions themselves as well 

as connections with real-life phenomena. The learners were able to relate the magnitude 

of fractions with area, length and set models. The learner showed the ability to connect 

the area model, the part-whole construct, and the length model (number line). The 

response reveals that diagrams and graphics help learners to form connections.  These 

results are in consistent with Mayer (2009) hypothesised that learners learn better from 

pictures and words according to the multimedia principle. Mayer (2009:223) argues that:  

“When words and pictures are both presented, learners can construct verbal and visual 

mental models and build connections between them. Learners can build a verbal and 

mental model when words alone are presented. However, they are less likely to build a 

visual mental model and make connections between the verbal and visual mental 

models”.  

4.4 TRIANGULATIONS OF THE RESEARCH FINDINGS 

 

The study investigated the use of the CPA approach on Grade 7 learners’ conceptual 

understanding of common fractions. The paired t-test results indicated that there was an 

increase of 5.37 in the post-test mean score.  Therefore, the null hypothesis that there is 
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no significant difference between learners’ pre-test and post-test scores of fractions is 

rejected. The results suggest that there is a statistically significant difference between the 

pre-test and post-test mean scores. The results are consistent with the findings of 

Nainggolan (2022), who found that the CPA approach led to an increase in conceptual 

understanding scores from 73.3 to 80.2 among second-grade learners. Similarly, Minarti 

and Wahyudin (2019) found that learners using the CPA approach, showed a better 

conceptual understanding of Mathematics concepts compared with those receiving direct 

instruction. These results are inconsistent with Lutfi and Dasari (2024) who found that the 

CPA approach may not adequately address abstract mathematical concepts, which could 

hinder deeper conceptual understanding in more advanced contexts. Additionally, the 

mean score attained by the learners during the pre-test, when analysed in relation to the 

post-test scores, reveals that it is approximately -0.0367 standard deviations greater than 

the mean score recorded during the post-test, which subsequently implies a remarkably 

minimal effect size of a negligible magnitude. These results are inconsistent with Morano, 

et al. (2020) who found a larger effect size of CPA when used during solution of fractions. 

The results concur with Salingay and Tan (2018) who found that the effect size of using 

CPA intervention is minimal.  

 

The findings additionally indicated that male and female learners exhibited comparable 

levels of performance. Therefore reject the null hypothesis that there is no significant 

difference between boys’ and girls’ post-test performance. This implies that the 

intervention does not differentiate between male and female learners. This is in line with 

Akinoso’s (2012) findings that CPA does not segregate between male and female 

learners. Furthermore, this study concurs with Yuliyanto et al. (2019) who found that both 

boys and girls benefitted equally from the CPA approach concerning an understanding of 

Mathematics. During the implementation of the CPA approach, learners acquired 

comprehension, connections, and the ability to operate on fractions. In the qualitative 

phase, learners showed reasoning skills by explaining how concrete objects helped them 

with comprehension of fractions. This concurs with Putri et al. (2020), who found that the 

CPA approach leads to improved mathematical reasoning skills among primary school 

learners, with significant gains observed in both high and low-prior mathematical ability 
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groups. It was further observed that some learners began to be actively involved in 

learning when concrete objects were brought into class. Their involvement and 

engagement have increased, and they have attributed this to the CPA approach. This 

concurs with Putri et al. 2020), who indicate that learners who used the CPA approach 

demonstrated a notable increase in a spatial sense compared to those receiving 

conventional instruction, highlighting its effectiveness in visualising mathematical 

concepts. In some instances, learners were able to utilise concrete materials (such as 

dough) and illustrations to arrive at the solution (see Figure 3). Additionally, learners 

demonstrated the ability to represent fractions as an interconnected concept and 

interpretation. These findings align with the work of Getenet and Callingham (2017), who 

discovered that understanding fractions necessitates comprehending the fraction as an 

interconnected concept, specifically as part-whole, ratio, operator, quotient, and measure. 

Learners were able to use the pizza model, and others were able to utilise counting bricks 

effectively. This reveals that concrete objects made the addition of fractions meaningful 

and made it easier to work with operations. The findings of Africa et al. (2020) qualify this 

point. They found that by using a fraction kit (concrete objects) during the CPA approach, 

learners could quickly exhaust all the necessary possibilities in a particular situation by 

using concrete examples and pictures tailored to their daily lives. Additionally, Sumartini 

and Priatna (2018) found that thinking capabilities tend to progress from concrete to 

abstract thinking patterns. 

 

The learner demonstrated the capability to link the area model, the part-whole concept, 

and the length model or number line. Furthermore, the number line serves as the 

measurement construct. The response indicates that diagrams and visuals assist learners 

in establishing connections. These findings align with Mayer (2009), who indicated that 

when words and pictures are both presented, learners can construct verbal and visual 

mental models and build connections between them. Nevertheless, the results contradict 

those of Ollesch et al. (2017), who noted that images may induce extraneous cognitive 

load as such they may not be able to establish connections between Mathematics 

concepts”. 
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4.3 CHAPTER SUMMARY 

Chapter Four explored the impact of the CPA approach on grade 7 learners’ conceptual 

understanding of common fractions. The study highlights the effectiveness of using 

tangible materials, such as counting bricks and paper strips, to enhance learners’ 

understanding of fraction additions and comparisons. 

Key findings include: 

 Concrete Engagement: Learners reported significant benefits from using 

counting bricks, dough and paper strips, as they physically manipulated the 

materials to understand fractions better. One learner highlighted how the bricks 

allowed for a clearer visualisation of the addition process. 

 Connection in Fractions: The chapter emphasises the importance of making 

connections between different representations of fractions (area model, part-whole 

construct, and number line). Learners were tasked with placing friends on a 

number line to determine “who is winning,” which facilitated their understanding of 

fractions in a more abstract sense. 

 Visual Aids: Diagrams and graphics played a crucial role in helping learners form 

these connections and make reasoned decisions regarding fractions. Consistent 

with Mayer’s multimedia principle, the chapter asserts that combining words and 

visuals can deepen understanding. 

 Statistical Evidence: The results showed a statistically significant increase in 

learners’ conceptual understanding, evidenced by a 5.37 rise in post-test mean 

scores. This finding aligns with previous studies supporting the effectiveness of the 

CPA approach in enhancing mathematical understanding. 

Overall, the chapter underscored the importance of foundational learning experiences, 

tangible representations, and the use of visual aids in fostering higher-order thinking skills 

in Mathematics and common fractions.  
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CHAPTER FIVE 

SUMMARY, RECOMMENDATIONS AND CONCLUSION 

5.1 INTRODUCTION  

The chapter offers a comprehensive overview that summarises the essential findings 

derived from the study, thoroughly draws insightful conclusions that are rooted in those 

findings and subsequently proposes a series of thoughtful recommendations aimed 

specifically at the Department of Basic Education, Mathematics teachers, and potential 

future research endeavours that could be informed by the insights gained from the study’s 

findings. The objective of the study was to investigate whether the use of the CPA 

approach enhances Grade 7 learners’ conceptual understanding of common fractions 

and  to assess the change in learners’ conceptual understanding of common fractions 

after being taught using the CPA approach by using pretest-post-test and task-based 

interviews to answer the following research questions:  

1. How does the use of the concrete, pictorial abstract (CPA) approach improve Grade 7 

learners’ conceptual understanding of fractions?  

2. What change in conceptual understanding of fractions do Grade 7 learners have after 

being exposed to the CPA approach? 

“The null hypothesis of the first research question was:”  

H0: There is no significant difference between learners’ pre-test and post-test scores of 

fractions. 

The alternative hypothesis for the null hypothesis was:  

H1: There is a significant difference between learners’ pre-test and post-test scores of 

fractions. 

“The null hypothesis was tested at a significance level, α = 0.05” 
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The study adopted convenience sampling, which is a type of sampling where participants 

are both accessible and willing to participate (Cohen et al., 2018). The sample of the study 

consisted of 63 Grade 7 learners (35 boys and 31 girls) from a non-fee-paying school 

where the researcher is teaching in the Moletji Circuit, Capricorn North District, Limpopo 

Province, South Africa. They participated in both the quantitative and qualitative parts of 

the study, as they should all get an opportunity to learn in all parts of the study. 

5.2 Major findings 

This section elaborates on the study’s key findings, specifically addressing the research 

questions and objectives outlined in Chapter 4. It provides an in-depth analysis of how 

these findings relate to the research’s overarching aims, highlighting significant patterns, 

trends, and insights that emerged during the investigation. By dissecting the data 

collected, it clarifies the implications of these results and how they contribute to our 

understanding of the topic. 

5.2.1 Investigation whether using the CPA approach improves learners’ conceptual 

understanding of fractions. 

The study provides compelling evidence that the CPA teaching approach is instrumental 

in enhancing conceptual understanding of common fractions. This approach emphasises 

a well-structured, progressive learning experience that begins with concrete, hands-on 

activities, such as using physical fraction manipulatives or real-life objects, which allows 

learners to understand the fundamental concepts of fractions in a tangible way.  

Moreover, the approach transitions to pictorial representations, such as fraction diagrams 

or visual aids, that help learner visualise the relationships between different fractions. This 

critical step bridges the gap between the concrete experiences and the more challenging 

abstract reasoning phase, where learners engage with numerical symbols and 

mathematical operations involving fractions. 

The data collected indicate that when lessons are accurately designed and implemented 

with the CPA approach, learners demonstrate a significantly greater likelihood of 

developing a deep, conceptual understanding of fractions. This shift enables learners go 

beyond rote memorisation, allowing them to appreciate the underlying meanings and 
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practical applications of fractions in various mathematical contexts, such as in solving 

real-world problems or understanding ratios and proportions. 

Moreover, evidence from recent research substantiates these findings, highlighting the 

pivotal role of the CPA approach in Mathematics education. Studies conducted by 

Sumartini and Priatna (2018), Leong et al. (2015), Setyawan and Purbohadi (2023), Putri 

et al. (2020), Salimi et al. (2020), Bobek and Tversky (2016), and Yuliyanto et al. (2019) 

collectively reinforce the effectiveness of this approach. These investigations not only 

affirm its positive impact on enhancing learners’ mathematical proficiency but also 

underscore its role in fostering conceptual clarity, particularly with common fractions.  

5.2.1 The change in learners’ conceptual understanding of fractions after being 

taught using the CPA approach. 

The study revealed that learners believe the CPA approach significantly enhances their 

educational experience by making it more engaging. Through a series of task-based 

interviews and classwork activities, the data showed that the CPA approach also deepens 

conceptual understanding. Learners reported that the hands-on activities and visual 

representations involved in this method enabled them to understand complex concepts 

more effectively. The interactive nature of the learning process under the CPA approach 

encouraged them to take an active role in their education, resulting in a more meaningful 

and impactful learning experience. 

5.3 Recommendations 

 

 Curriculum developers must take proactive steps to revise and enhance the 

mathematics curriculum to facilitate the integration of the CPA teaching approach. 

This revision should allow teachers to implement CPA effectively alongside other 

pedagogical methods, including well-structured traditional teaching strategies. 

Such an approach would not only enrich the learning experience, but also cater to 

diverse learner learning styles, ensuring a more comprehensive understanding of 

mathematical concepts. By thoughtfully incorporating these different instructional 

techniques, teachers can create a more engaging and effective classroom 

environment that supports all learners in achieving their mathematical potential. 
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 Moreover, the study recommends an exploration of other approaches which may 

improve a conceptual understanding of fractions. It also encourages more 

research on the CPA approach to reduce poor Mathematics performance and 

contribute to conceptual understanding theory.   

 In future research, it is recommended that a larger sample size be employed to 

better capture the diversity of experiences and outcomes among participants. 

Additionally, exploring various educational contexts—such as different classroom 

environments, teaching methodologies, and learner demographics—will help to 

provide a more comprehensive understanding of the effectiveness of the CPA 

approach. This broader perspective will enable teachers and researchers to better 

assess how the CPA method can enhance learners’ comprehension of various 

Mathematics topics, ultimately leading to more tailored and effective teaching 

strategies. 

5.4 “Limitations            

Given the significant constraints on time, the data collection period for this study was 

unfortunately limited to a mere three weeks. Ideally, extending this timeframe to several 

months would have allowed for a much more in-depth exploration of the CPA approach’s 

impact on learners' conceptual understanding. A longer duration would have provided the 

opportunity to observe a broader range of learner’s interactions with the common 

fractions, enabling researchers to track individual progress over time and account for the 

diverse learning speeds and styles shown by the participants. Additionally, an extended 

study period could have facilitated the collection of richer data through enhanced 

classroom observations, comprehensive task-based interviews, and varied assessments. 

This approach would yield a more solid understanding of how the CPA method influences 

educational outcomes across different contexts, il\luminating its potential benefits and 

challenges in fostering deep conceptual understanding among learners. A shorter data 

collection period may have hindered the ability to capture nuanced insights, potentially 

compromising the overall validity and reliability of the findings.  

During the task-based interviews conducted with participants, many individuals struggled 

to articulate their reasoning clearly. This difficulty suggests that other learners, who might 

have offered a richer and more nuanced understanding of the topic, may have opted not 
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to participate due to hesitation or anxiety about expressing their thoughts. Consequently, 

the insights derived from the interviews may not accurately reflect the true opinions and 

understandings of all participants, making it challenging to determine the full impact of the 

CPA approach. 

 

Although the researcher exercised a careful and thorough analysis of the gathered data, 

it is acknowledged that various external factors may have contributed to enhancing the 

levels of conceptual understanding among participants. This study was conducted with a 

limited sample from a single rural government school in the Limpopo Province and within 

just one educational district. Such a narrow focus inherently restricts the generalisability 

of the findings to a wider array of educational settings. Notably, the study did not account 

for the diverse socio-demographic profiles present in South African schools, which could 

yield different trends and outcomes if a more varied sample had been used. Thus, the 

insights generated may not fully capture the complexities and variations existing across 

different educational contexts in the country.  

5.5 Conclusion 

The study concludes that the use of the CPA approach significantly enhanced learners’ 

conceptual understanding of fractions. The most notable enhancement was seen in 

solving word problems involving fractions. The quantitative analysis revealed an 

improvement in learners’ conceptual understanding of fractions in the post-test. However, 

it is found that the effect of the intervention is minimal and of negligible size. The 

qualitative findings indicate that the use of the CPA approach enhanced the learners’ 

conceptual understanding of fractions at the comprehension, operations and connections 

levels. This study therefore contributes to innovative teaching methods of fractions, 

potentially enhancing mathematics performance and inspiring teachers to explore new 

teaching approaches. 

The study concludes that the CPA approach significantly enhances learners’ conceptual 

understanding of abstract concepts, particularly in the context of solving word problems 

involving fractions. The most remarkable progress was observed in learners’ ability to 
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tackle these word problems, demonstrating a deeper conceptual understanding of 

fractions at the comprehension level.  

The quantitative analysis indicated a positive shift in learners’ conceptual understanding 

of fractions, as evidenced by their performance in the post-test. Although the intervention 

produced favourable results, the magnitude of the intervention was relatively minimal, as 

indicated by a low Cohen’s d value. Moreover, the qualitative analysis highlighted the 

effectiveness of integrating concrete objects and visual aids into the learning process. 

These tools not only facilitated a more hands-on approach but also proved instrumental 

in enhancing learners’ overall understanding of common fractions.
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 APPENDIX B: LETTER TO THE LIMPOPO DEPARTMENT OF EDUCATION 
 
Enq: Leboho SD        Box 01 
Cell: 0786689989        Lonsdale 
Email: leboho50@gmail.com      1910 

11 May 2023 
 
The Head of Department  
Limpopo Department of Education  
Corner 113 Biccard & 24 Excelsior Street  
Polokwane, 0700  
 
Dear sir/madam 
 
Re: Request for conducting research at a school in Moletji Circuit 

I am a master's (Mathematics Education) student at the University of Limpopo under 

the supervision of Dr Maphutha K. For the fulfilment of this degree, the University 

requires a student to conduct research. I, therefore, request to undertake research 

your school for this title: Grade 7 Learners’ conceptual understanding of Fractions 

using the concrete pictorial abstract (CPA) approach in Moletji Circuit, Limpopo 

Province, South Africa. In order to achieve the purpose of this study, all Grade 7 

learners will be taught fractions using CPA, interact with each other, be interviewed by 

the researcher during the intervention and be given a pre-test and post-test. Please 

be assured that the process will not interrupt teaching and learning at the school. In 

addition, the confidentiality of the information gathered and the anonymity of the 

learners and of the school will be maintained throughout the whole process. 

Yours in education 

 

Leboho SD (Researcher) 

 

Dr. Maphutha K (Supervisor) 

mailto:leboho50@gmail.com
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APPENDIX C: LIMPOPO PROVINCE DEPARTMENT OF EDUCATION 

PERMISSION TO CONDUCT RESEARCH 
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APPENDIX D: LETTER TO THE PRINCIPAL 

 
Enq: Leboho SD        Box 01 
Cell: 0786689989        Lonsdale 
Email: leboho50@gmail.com      1910 

11 May 2023 
 
The Principal 
Box 329 
Lonsdale, 1910  
 
Dear sir 
 
Re: Request for conducting research in your school 

I am a masters (Mathematics Education) student at the University of Limpopo under 

the supervision of Dr Maphutha K. For the fulfilment of this degree, the University 

requires a student to conduct research. I, therefore, request to undertake research 

your school for this title: Grade 7 Learners’ conceptual understanding of Fractions 

using the concrete pictorial abstract (CPA) approach in Moletji Circuit, Limpopo 

Province, South Africa. In order to achieve the purpose of this study, all Grade 7 

learners will be taught fractions using CPA, interact with each other, be interviewed by 

the researcher during the intervention and be given a pre-test and post-test. Please 

be assured that the process will not interrupt teaching and learning at the school. In 

addition, the confidentiality of the information gathered and the anonymity of the 

learners and of the school will be maintained throughout the whole process. 

Hoping for your positive response.  

Yours in education 

 

Leboho SD (Researcher) 

 

Dr Maphutha K (Supervisor)  

 

 

mailto:leboho50@gmail.com
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APPENDIX E: LETTER TO PARENTS 
 
Enq: Leboho SD                                                            P.O. Box 01  
Cell: 0786689989      Lonsdale  
Email: leboho50@gmail.com     1910 

12 May 2023 
 

TO: Parents/Guardians of Grade 7 Mathematics 

FROM: Leboho SD  

                     Supervisor: Dr Maphutha K   

RE: Request to conduct research 

 
As part of my master’s degree at the University of Limpopo, I am conducting research 

on Grade 7 learners’ conceptual understanding of fractions using the concrete 

pictorial abstract (CPA) approach in Moletji Circuit, Limpopo Province, South 

Africa. I hope that this research will contribute to improved results in Mathematics, as 

well as provide a fair, objective way of placing Grade 7 learners in Mathematics. I am 

therefore requesting your permission to involve your Grade 7 child in my research 

study. Please note that learners are at liberty to withdraw from this study at any time, 

without penalty or pressure to provide reasons to me, as the researcher. In this regard, 

I will undertake to ensure that participating in this study does not disadvantage the 

participants. All the information supplied will be treated with confidentiality and 

outcomes of the research will be made available on request. Please indicate by signing 

the form below if you allow your child to participate. 

 
Your positive response will be highly appreciated. 
 
Yours in Education 
                                                                                 
LEBOHO S.D                                                     Dr MAPHUTHA K            

(Researcher)                                                                                 (Supervisor) 
  ----------------------------------------------------------------------------------------------------------- 

CONSENT  

I, ____________________,  

the parent/guardian of ___________ give my consent.  

 

ASSENT 

I,________________________, agree to participate in 

this study.  

 

Parent’s signature: ________________ 

 

Date: __________________ 

Learner’s signature: _______________ 

 

Date: __________________ 

mailto:leboho50@gmail.com
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APPENDIX F: LENGWALO LA GO YA GO MOTSWADI 

 
Enq: Leboho SD                                                            P.O. Box 01  
Cell: 0786689989      Lonsdale  
Email: leboho50@gmail.com     1910 

11 May 2023 
 

Go ya go:  Motswadi/mohlokomedi wa ngwana wa Grade 7 

Go tšwa go:  Leboho SD  

                                Mohlahli: Dr Maphutha K   

Mabapi le:  Kgopelo ya go dira nyakišišo 
 

Bjalo ka karolo ya master’s degree ya ka Yunibesithing ya Limpopo, ke dira dinyakišišo ka 

sehlogo se: Grade 7 learners’ conceptual understanding of fractions using concrete 

pictorial abstract (CPA) approach in Moletji Circuit, Limpopo Province, South Africa.  

Ke holofela gore nyakišišo ye e tla ba le mohola go kwešišeng ga baithuti thutong ya Dipalo. 

Ka fao ke kgopela tumelelo ya go akaretša ngwana wa lena wa Mphato wa 4 nyakišišong ye. 

Hle ela hloko gore baithuti ba lokologile go ikgogela morago nyakišišong ye nako efe goba 

efe, ntle le kotlo goba kgatelelo ya go mpha mabaka, bjalo ka monyakišiši. Mabapi le se, ke 

tla itlama go netefatša gore go tšea karolo nyakišišong ye ga go senye batšwasehlabelo. Ge 

o kwana le ditaba tše, bontšha ka go tlatša, saena le go gagola mme wa romela setlankana 

se sa ka mo fase go nna. 

 

Ke holofela go kwa phetolo e kaone gotšwa go lena. 
 
Wa lena thutong 
 
LEBOHO SD                                     Dr MAPHUTHA K            

(Researcher)                                                                                 (Supervisor) 
  ----------------------------------------------------------------------------------------------------------- 

CONSENT  

Nna,___________________________,  

Ke le motswadi/mohlokomedi wa 

________________________________ ke 

fa tumelelo.  

 

ASSENT 

Nna,________________________, ke 

dumela go tšea karolo mo nyakišišong ye.  

 

_____________________________ 

Mosaeno wa Motswadi: 

Letšatšikgwedi: __________________ 

_______________________________ 

Mosaeno wa moithuti: 

Letšatšikgwedi: __________________ 

 

 

 

mailto:leboho50@gmail.com
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APPENDIX G: CLASSWORK AND HOMEWORK ACTIVITIES 

 

GRADE 7  

CLASSWORK ACTIVITY      DATE: ___________ 

TOPIC: COMMON FRACTIONS: Ordering, comparing, and simplifying fractions. 

 

INTRODUCTION: Revision (Suggested time: 10 Minutes) 

 

Activity 1  

 

Complete the following by making the fractions equal. 

a)  =  

b) =   

c)  =  

Activity 2   

 

Complete the pattern. 
 

a) ; ; ;__ ;__;__ 
 

b) ; ; ;__;__;__ 
 

c) ; ; ;__;__;__ 
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HOME ACTIVITY  

TOPIC: COMMON FRACTIONS: Calculations using common fractions  

LESSON DEVELOPMENT (Suggested time: 30 minutes) 

Example 1 
     Replace the * with < or > or = to make the statement true                       

(Study the solution of each calculation below and explain your understanding of each step)  

a)  3 ×  3 ×  3 ×  3 × 3 = 24                                *   =  _________________ 
 

b) *  =  _________________  
 

c)  *   = __________________ 
 

       Example 2 

 

      Write these fractions in an ascending order 

 

a)      ;  ;  ; = ________________________ 

 

                                

b)   ; ; ; ; = ____________________ 

 

ACTIVITY (Small groups) 

 

1. Replace the * with < or > or = 

  

a)  *   

b)   *   

c)   *   
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INTRODUCTION: Revision (Suggested time: 10 Minutes) 

Add/subtract the following fractions 
 

a)   +  

b)  +  
 

c)   -    
 

LESSON DEVELOPMENT (Suggested time: 30 minutes) 

    

Study each of the examples below and explain your understanding of each step. 

 

 +   =  +     OR  2 + 1 (  + ) 
                       

                                 =                      = 3 ( ) 

                                 =                      =  
      

Example 2 
 

 +   =  +  

                      =  +  
 

                                 =   

                                 =  
 

 

 

 

                                     

Example 3 
 

                    -    =    -   



150 
 

 

                         =    -  

                         =  

                        =  

                        =  
            

 

(Suggested time: 20 minutes) 
 
Simplify: 

a)  +  +   

b)  +  +   

 

c)  -     

 

d)  -  

e)  +  -  
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EXTRAWORK 

TOPIC: COMMON FRACTIONS: Calculations using common fractions  

INTRODUCTION: Revision (Suggested time: 10 Minutes) 

Simplify 

a)  +  

b)   -    
 

c) +  
 

d) -  
 

LESSON DEVELOPMENT (Suggested time: 30 minutes) 

Study each of the examples below and explain your understanding of each step 

 

Example 1 

+  = +  
 

           =  

Example 2 

 +   =  +  

                      =  +  
 

                                 =   

                                 =  
 

Example 3 
 

                    -    =    -   
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                         =    -  

                         =  

                        =  
                         

CLASSWORK (Suggested time: 20 minutes) 
Simplify 
 

a)  +  +   

b)  -   

c)  +  -  

 
 

 

 

TOPIC: COMMON FRACTIONS: Solve problems within a context 

 

a. Moloko and Orefile ordered two medium pizzas, one Chicken and one Mushroom. 

Moloko ate 
5

6
  of a pizza, and Orefile ate 

1

2
 of a pizza. How much pizza did they eat 

altogether? 

b. Martha has 2
1

3
𝑙 cooking oil in a bottle. She pours 

1

4
𝑙 oil into a pot. How much oil 

remains in the bottle?  

c. Makwena:
3

4
   Sello:

1

2
  Maphuti: 

5

6
   Shantel: 

5

8
  Khensani: 

5

9
  Phenyo: 

1

3
. The fractions 

indicate the distance covered by each runner compared to the whole.  Can you 

place these friends on a line to show where they are between the start and finish, 

and determine who is winning? 
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TOPIC: COMMON FRACTIONS: Multiplication of common fractions  

INTRODUCTION: Revision (Suggested time: 10 Minutes) 

Multiply the following fractions.  

a)  4 ×  

b)  ×  5 

c) 7 ×  

 

LESSON DEVELOPMENT (Suggested time: 30 minutes) 

Activity 1 

Study the following and summarize your understanding. 

a) ×   =  

            =                     

b) 8  ×  =  ×   =     =   2        

c)  ×   =   ×   

                     =     =   =   

 

 
CLASSWORK (Suggested time: 20 minutes) 

 
 
Simplify the following: 
 

a)   ×   

b)  × 3 

c)  of   
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d)  ×  

 

e)  ×   ×   

 

TOPIC: COMMON FRACTIONS: Calculation techniques  

 

INTRODUCTION: Revision (Suggested time: 10 Minutes) 

1. Convert the following into common fractions: 

a)  

b)  

 

2. Complete the following fractions by making them to be equal. 

a) =  

b) =  

c) =  

 

 

CLASSWORK (Suggested time: 30 minutes) 

Simplify the following: 

 

(a) 3 halves + 2 quarters 

(b)  +   

 

(c)  −   

(d)  x   

(e)  of 150 
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(f)  +    x   

 

 

TOPIC: COMMON FRACTIONS: Solve problems within a context 

 

a. Chrissie buys a dress pattern. Style A in the pattern need 2/10 m of material. 

Style B in the pattern needs 2 /4 m of material. Which style needs more material?  

b. Olivia went out for a walk. She walked 
1

4
 of a km and then sat down to take a 

rest. Then she walked 
1

4
 of a km. How far did she walk altogether? 

c. Four pals are enjoying 10 muffins, ensuring that everyone gets a fair share. How 

many muffins will each buddy receive? 

d. A car costs R90 400.00. A garage reduces the cost of the car by one-quarter. 

Calculate the new cost of the car.  
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APPENDIX H: PRE-TEST/ POST-TEST 

GRADE 7 MATHEMATICS FRACTION TEST 

LEARNER’S NAME AND SURNAME:                                                      GENDER:    

SCHOOL:                                                                                   

DATE OF BIRTH:          

 

Instructions to the learner: 

 Read all the instructions carefully. 

 Answer questions in the space provided. 

 All the work must be shown on the question paper and must not be done on 

rough paper. 

 The test is out of 25 marks. 

 The test duration is 35 minutes.  

 You may not use a calculator.  

  Question 1(equivalent fractions, addition of fraction and word 
problems) 

 

1   Fill in the missing equivalent fractions on each drawing below  

 1.1 

 

(1) 

 1.2 

 

(1) 

 1.3 

 

(1) 

 1.4 1

2
=

6
 

(1) 

 1.5 1

4
=

8
 

(1) 

2    
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 2.1 1

3
+

1

3
 

(2) 

 2.2 1

6
+

3

4
 

(2) 

 2.3 5

8
+

3

16
−

1

2
 

(2) 

 2.4 3

8
×

5

7
 

(2) 

 2.5 2

5
 𝑜𝑓 24 

(2) 

    

3.    

 3.1 The pipe is 2
1

4
 𝑚 long. How long are 8 pipes altogether? 

 

(2) 

 3.2 Mary follows a recipe. She uses 1
3

4
 cups of milk, 3

1

4
 cups of water and a 

1

4
 

cup of oil. How many cups of ingredients does Mary use altogether? 
 

(2) 

 3.3 Joshua gets 7 out of 10 for a mathematics test. The next week, he gets 11 
out of 15. In which test did he do better?  

(2) 

4.  Lebo was invited to his friend’s pizza party. There are two tables at the 
party: ten friends will sit at the first table and eight friends will sit at the 
second table. Lebo wants to sit at the table where he will get the most 
pizza. 

 

 4.1 If ten people share four pizza’s, what fraction will each person get? 
 

(2) 

 4.2 If eight people share three pizza’s, what fractions will each person get? 
 

(2) 

 4.3 Use your previous answers to say which table Lebo must choose? 
 

(2) 

Total marks: 25 marks 
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APPENDIX I: EDITING AND PROOFREADING CERTIFICATE 

 

 

PPENDIX H: EDITING AND PROOFREADING CERTIFICATEA line scale is a visual bar 

graph showing distance, while a word scale is a written sentence defining the relationship. 
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