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Abstract  

This study investigated the opportunities for learning number concepts and operations in 

mathematics that are available to learners in upper primary classes in Malawi. Learners’ textbooks 

for grade 5 to grade 8 were analyzed using the Mathematical Discourse of Instruction (MDI) 

framework developed by Adler and Ronda (2015). The analysis was based on exemplification as 

one of the interacting components of a mathematics lesson that help to illuminate what is made 

available to learn. The study specially sought to understand the opportunities to learn mathematics 

that are created by the textbooks in upper primary classes for learners to participate in mathematical 

discourses. The MDI framework helped the investigator to analyze the four textbooks thereby 

answering the following questions: What opportunities to learn number concepts and operations 

are provided through the examples and task in the textbooks?, How do the tasks enable enactment 

of the learning objects that are stated in the textbooks? And To what extent do tasks allow learners 

to apply and connect critical features of the mathematical content? The study used mixed methods 

approach in which MDI analytical tool for textbook analysis (Ronda & Adler, 2017) was used for 

data collection. The findings suggest that the textbooks do not provide a balanced range of 

examples and tasks as such, the textbooks offer few high-level thinking examples and few high-

level cognitively demanding tasks. The textbooks emphasize on computations and procedures 

without connection, which are of low-level of thinking and low-level cognitive demands of tasks. 

The textbooks in upper primary school in Malawi offer few tasks with presentation and modeling, 

interpretation, argumentation, reflective-thinking and reasoning competence that will challenge 

learners and help them to develop their understanding. In general, the textbooks in upper primary 

classes in Malawi offer lower level thinking examples and lower level cognitively demanding tasks 

that provide few opportunities for learner to mediate several learning outcomes in a set of 

examples.  

Keywords: Textbook analysis, number concepts and operations, opportunity to learn, learners, 

Exemplification, cognitive demands, and MDI framework  

 

  



 

vi  

  

 

  



 

vii  

  

TABLE OF CONTENTS 

 

 

The Faculty of Arts and Education ................................................................................................... 1 

MASTERS THESIS ......................................................................................................................... 1 

DEDICATION .................................................................................................................................. i 

ACKNOWLEDGEMENTS ............................................................................................................ iii 

Abstract ............................................................................................................................................. v 

TABLE OF CONTENTS ............................................................................................................... vii 

List of Tables .................................................................................................................................. xi 

List of Figures ............................................................................................................................. xiii 

Chapter 1: INTRODUCTION ........................................................................................................ 1 

1.1 Background ............................................................................................................................. 1 

1.2 Problem Statement .................................................................................................................. 5 

1.3 Purpose of the study ................................................................................................................ 7 

1.4 Research Questions ................................................................................................................. 7 

1.4.1 Main Research Question .................................................................................................. 7 

1.4.2 Subsidiary Research Questions ........................................................................................ 7 

1.5 Significance of the study ......................................................................................................... 8 

1.6 Chapter summary .................................................................................................................... 8 

Chapter 2: LITERATURE REVIEW ............................................................................................... 9 

2.1 Introduction ............................................................................................................................. 9 

2.2 Opportunity to learn and Mathematical Discourse in Instruction (MDI) ............................... 9 

2.3 Opportunity to learn and Textbook lessons ............................................................................ 9 

2.4 Curriculum materials (textbooks) in Malawi ........................................................................ 10 



 

viii  

  

2.5 Numbers, Operations, and Relationships .............................................................................. 11 

2.6 How learners learn number concepts and operations ........................................................... 12 

2.7 Other Studies on opportunity to learn (OTL) ....................................................................... 15 

2.8 Chapter summary .................................................................................................................. 20 

Chapter 3:  THEORETICAL FRAMEWORK ............................................................................... 21 

3.1 Introduction ........................................................................................................................... 21 

3.2 Mathematical Discourse in Instruction (MDI) Framework .................................................. 21 

Object of learning ................................................................................................................... 22 

Exemplification ....................................................................................................................... 23 

3.3 Theoretical framework as applied in the study ..................................................................... 24 

3.4 Chapter Summary ................................................................................................................. 25 

Chapter 4: METHODOLOGY ........................................................................................................ 21 

4.1 Introduction ........................................................................................................................... 27 

4.2 Research Design ................................................................................................................... 27 

4.3 Sampling procedures ............................................................................................................. 28 

Sample Size ............................................................................................................................. 28 

Sampling Technique ............................................................................................................... 28 

4.4 Data collection ...................................................................................................................... 30 

4.5 Data analysis techniques ....................................................................................................... 30 

4.6 Data collection procedures .................................................................................................... 30 

4.7 Data Analysis ........................................................................................................................ 30 

4.8 Chapter Summary ................................................................................................................. 31 

Chapter 5: Findings ......................................................................................................................... 33 

5.1 Introduction ........................................................................................................................... 33 

Overview of the chapter .......................................................................................................... 33 



 

ix  

  

5.2 Textbook 1: Grade 5 learners’ mathematics textbook .......................................................... 35 

Object of learning ................................................................................................................... 36 

Findings from examples .......................................................................................................... 37 

Findings from the tasks ........................................................................................................... 41 

5.3 Textbook 2: Grade 6 learners’ mathematics textbook .......................................................... 44 

Findings from the examples .................................................................................................... 45 

Findings from Tasks ............................................................................................................... 51 

5.4 Textbook 3: Grade 7 learners’ mathematics textbook .......................................................... 54 

Findings for examples ............................................................................................................. 55 

Finding from tasks .................................................................................................................. 66 

5.5 Textbook 4: Grade 8 learners’ mathematics textbook .......................................................... 70 

Findings from examples .......................................................................................................... 71 

Findings from Tasks ............................................................................................................... 79 

5.6 Chapter summary .................................................................................................................. 82 

Chapter 6: DISCUSSION ............................................................................................................... 85 

6.1 Introduction ........................................................................................................................... 85 

Opportunities to learn number concepts and operations as provided through examples and task

 ................................................................................................................................................ 85 

6.2 Further discussion ................................................................................................................. 92 

6.3 Chapter summary .................................................................................................................. 98 

Chapter 7: CONCLUSION ........................................................................................................... 101 

7.1 Introduction ......................................................................................................................... 101 

7.2 Opportunity to learn number concepts and operation as provided through examples and tasks

 .................................................................................................................................................. 101 

Enactment of the learning object through tasks. ................................................................... 103 



 

x  

  

The extent to which tasks allow learners to apply and connect critical features of the 

mathematical content. ........................................................................................................... 103 

7.3 Implications for practice ..................................................................................................... 103 

7.4 Recommendations ............................................................................................................... 105 

7.5 Implication for further research .......................................................................................... 105 

7.6 Limitations of this study ..................................................................................................... 106 

REFERENCES ............................................................................................................................. 107 

 

 

 

  



 

xi  

  

List of Tables 

Table 1: summary of topics and example spaces per book ....................................................... 29 

Table 2: MDI analytic Tool for Textbooks lesson (MDITx) ..................................................... 31 

Table 3: summary of coded examples and tasks for learners’ book 5 ..................................... 36 

Table 4: summary of coded examples and tasks for learners’ book 6 ..................................... 44 

Table 5: summary of coded examples and tasks for learners’ book 7 ..................................... 55 

Table 6: summary of coded examples and tasks for learners’ book 8 ..................................... 70 

Table 7: MDI analytic Tool for Textbooks lesson (MDITx) analysis guide (Ronda & Adler, 

2017, p. 1106) ............................................................................................................................... 119 

  



 

xii  

  

 

  



 

xiii  

  

List of Figures 

Figure 1: Mathematics Discourse in Instruction framework (Adler & Ronda, 2015, p. 239).

 ........................................................................................................................................................ 22 

Figure 2: Exercise 2B. Dividing numbers (MIE, 2007, p. 27) ................................................... 37 

Figure 3: Exercise 2A. Re-arranging numbers in an increased order (MIE, 2007, p. 5). ...... 38 

Figure 4: Exercise 1A. Filling in the missing numbers (MIE,2007, p. 1) ................................. 39 

Figure 5: Exercise 1B. Adding numbers (MIE, 2007, p. 14) ..................................................... 40 

Figure 6: Exercise 1B. Filling in missing numbers (MIE, 2007, p. 2) ...................................... 41 

Figure 7: Exercise 1B. Equivalent fraction by multiplying (MIE, 2007, p. 35). ...................... 42 

Figure 8: Exercise 1D (MIE, 2007, p. 17). ................................................................................... 43 

Figure 9:Exercise 13 B. Multiplying decimal numbers (MIE, 2007, p. 45). ............................ 45 

Figure 10:Exercise 3C. Answer the following question (MIE, 2007, p. 13). ............................ 46 

Figure 11: Exercise 2B. Adding numbers (MIE, 2007, p. 8). .................................................... 47 

Figure 12: Exercise 8C. Mixed numbers (MIE, 2007, p. 30). .................................................... 48 

Figure 13: Exercise 9C. Dividing fractions and whole number (MIE, 2007, p. 35). ............... 49 

Figure 14: Exercise 8F. Adding fractions (MIE, 2007, p. 32). .................................................. 50 

Figure 15: Exercise 2C: Answer the following questions (MIE, 2007, p 9–10). ...................... 51 

Figure 16: Exercise 6B. Finding HCF of numbers by factor method (MIE, 2007, p. 22) ...... 52 

Figure 17: Exercise 13A. Multiplying decimal numbers by whole number (MIE, 2007, p.44).

 ........................................................................................................................................................ 53 

Figure 18: Exercise 2C.  Answer the following questions (MIE, 2007, p. 9–10). .................... 54 

Figure 19: Exercise 8A. Expressing numbers up to 4 decimal places (MIE, 2008, p. 40). ..... 56 

Figure 20:  Example, Exercise 9A. Solving practical problems involving speed (MIE, 2008, p. 

44). .................................................................................................................................................. 57 

Figure 21: Exercise 6A. Adding and subtracting proper fractions (MIE, 2008, p. 23). ......... 58 

Figure 22: Exercise 8B. Changing decimals to mixed numbers (MIE, 2008, p. 41). .............. 59 

Figure 23: Exercise 7E. Subtracting and dividing decimals (MIE, 2008, p. 36). .................... 60 

Figure 24: Exercise 3A. Adding and subtracting numbers (MIE, 2008, p. 9). ........................ 61 

Figure 25: Exercise 3C. Adding and multiplying numbers (MIE, 2008, p.11). ....................... 62 



 

xiv  

  

Figure 26: Exercise 7G. Solving practical problems involving basic operation on decimals 

(MIE, 2008, p. 38). ........................................................................................................................ 63 

Figure 27: Exercise 4B. Solving practical problems on average (MIE, 2008, p. 19)............... 64 

Figure 28: Exercise 9B. Simplifying Ratios to their lowest term (MIE, 2008, p. 45). ............. 65 

Figure 29: Exercise 5B. Finding the HCF of numbers using division method (MIE,2008, p. 

20). .................................................................................................................................................. 67 

Figure 30: Exercise 2C. Expressing Roman numerals in Hindu-Arabic numerals (MIE, 2008, 

p.7) .................................................................................................................................................. 68 

Figure 31: Exercise 5E. Solving practical problems on HCF and LCM (MIE, 2008, p. 22). . 69 

Figure 32: Exercise 1C. Filling in the missing numerals (MIE, 2009, p. 3) ............................. 71 

Figure 33: Exercise 6B. Calculating distance given time and speed (MIE, 2009, p. 28). ....... 72 

Figure 34: Exercise 2A. Finding HCF by using factor methods (MIE, 2009, p. 6). ................ 73 

Figure 35: Exercise 2C. Finding LCM using the factor method (MIE, 2009, p. 8). ............... 74 

Figure 36: Exercise 8B. Increasing or decreasing given percentages (MIE, 2009, p. 35). ..... 75 

Figure 37: Exercise 7A. Expressing Ratios in their lowest form (MIE, 2009, p. 30). ............. 76 

Figure 38: Exercise 8C. Solving practical problems involving percentages (MIE, 2009, p. 36).

 ........................................................................................................................................................ 77 

Figure 39: Exercise 3C. Solving problems on fractions that involve “brackets” and “of” (MIE, 

2009, p. 15) ..................................................................................................................................... 78 

Figure 40: Exercise 6A. Calculating the speed of objects given distance and time (MIE, 2009, 

p. 27). .............................................................................................................................................. 79 

Figure 41: Exercise 7D. Solving practical problems involving proportion (MIE, 2009, p. 33).

 ........................................................................................................................................................ 80 

Figure 42: Exercise 2D Solving practical problems on HCF and LCM (MIE, 2009, p. 9). ... 81 

 

 

  



 

xv  

  

ABBREVIATIONS 

MANEB Malawi National Examination Board 

MDI Mathematical Discourse in Instruction 

MDITx Mathematical Discourse in Instruction Analytical Tool for Textbook Analysis 

MoEST Ministry of Education, Science and Technology 

NCTM National Council of Teachers of Mathematics 

NOP Numbers, Operations and Relationships 

OBE Outcome-Based Education 

OEM Objective Education Model 

OTL Opportunity to learn 

SACMEQ Southern And Eastern Africa Consortium for Monitoring Education Quality   



 

1  

  

Chapter 1: INTRODUCTION  

The aim of this study is to investigate the opportunities for learning mathematics that are 

provided in upper primary textbooks in Malawi. The chapter presents the background of the 

study, problem statement, and purpose of the study, research questions and significance of the 

study.  

1.1 Background  

Mathematics is one of humanity’s achievements (Mckenzie, 2001). It is a tool for practical utility 

as well as a discipline that develops reasoning and analytical abilities. People who have basic 

knowledge in mathematics participate fully in a society (Mckenzie, 2001) because mathematics 

plays an important role in meeting the demand of everyday life. Most of the job industries and also 

the world of business require knowledge of mathematics. In Malawi, mathematics is one of the 

core subjects in primary schools as well as secondary schools.  

Learning mathematics introduces learners to concepts, skills and thinking strategies that are 

essential in their everyday life and support learning across curriculum. Mathematics learning 

stimulates curiosity in learners, fosters creativity and equips learners with the skills they require in 

life beyond school. However, mathematics by nature is abstract and all themes in mathematics are 

ideas that develop in our mind. As a result, for learners to understand these abstract ideas, textbooks 

in primary school should provide affordances to learn mathematics that will assist the learners to 

reach their full potential in mathematical proficiency in the course of learning.  

The most important years of a learner’s school life are the primary school years. In connection 

with that, primary school mathematics at this stage is regarded as crucial as it serves as foundation 

knowledge for the secondary school and beyond. In Malawi, the developers of primary school 

textbooks had learners in mind when they developed the activities; an understanding of what 

children already know and need to know. As a result, the development of each topic is based on 

the principle of moving from known to unknown and simple to the more complex. The primary 

outcomes (indicated in the textbooks) focus on the expanded opportunities of ensuring that 

educators are finding multiple ways of exposing the learners to learning opportunities that will 

help them to demonstrate their full potential of mathematical competence (Malawi Institute of 

Education (MIE), 2007). However, examining what textbooks intend to provide to learners when 
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learning mathematics to assist them acquire full potential of concepts and mathematical 

proficiency remains relatively unanswered. It is important to examine the opportunity to learn 

(OTL) mathematics in textbooks since it helps to understand how much attention is given to that 

specific topic (Hong & Choi, 2018).  

Primary school education in Malawi comprises 8 grades. The infant classes include grade 1 and 

grade 2, junior primary includes grade 3 and grade 4 and lastly upper primary (senior) is grade 5 

to grade 8. The official entry age for primary school level of education is 6 years though variations 

appear. The rationale for learning mathematics in primary schools focus on “developing the 

learner’s critical awareness of how mathematical relationships are used in social, environmental, 

cultural and economic context” (MIE, 2008 p. x). In line with this, learners in infant and junior 

primary school must be able to count and carry out mathematical operations at the end of grade 4. 

And in upper primary school, learners are required to make inferences using manipulated data and 

apply mathematics to solve practical problems (MIE, 2008). However, learners in upper primary 

school classes fail to accomplish the rationale and the criterion-referenced measurement 

(assessment standards and success criteria of OBE) of the mathematics curriculum in primary 

school. This is observed through low performance of learners during the primary school national 

examinations (Malawi National Examination Board (MANEB), 2006– 2016) as many learners fail 

to reach minimum levels of mathematical proficiency as specified in the National curriculum 

(Eliya, 2016). The assessment of the primary school national examinations draws topics in 

mathematics from grade 5 to grade 8.  

According to the Southern and Eastern Africa Consortium for Monitoring Educational Quality 

(SACMEQ, 2010), primary school learners in Malawi only master the lower level of mathematical 

numeracy because following analysis of the SACMEQ results, the MoEST observed that most 

teachers did not have sufficient training and/or experience (MoEST, 2011). This was evidenced by 

poor performance by the learners in primary schools and continues to secondary mathematics 

(Malemya, 2019). Mathematics as a subject is a hub for development of other sciences which 

collectively install the much needed reflective and critical thinking skills in learners (Isoda & 

Katagiri, 2012) which is essential in socio-economic development of the country as a whole. 

Primary education in Malawi is characterized by teaching as opposed to learning (Malemya, 2019). 

Malemya explained that teachers are treated as the source of almost all the information with 
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learners being the recipient. Malemya further explained that, “this is attributed by the textbooks 

which do not provide enough platforms for independent study by the learners themselves; such as 

lack of enough practice problems, examples and applicability in real life” (Malemya, 2019, p. 172). 

That is, how textbooks provide opportunities to learn (OTL) mathematics to learners in order to 

access the object of learning in mathematical discourse in instruction has a bearing on learning 

outcomes.   

Opportunity to learn is regarded as an important contributing factor in learning outcomes 

(Tornroos, 2005). As a result, in mathematics, textbook lessons or teacher’s lessons need to create 

opportunities for learners to participate in mathematical discourse. Carroll, (1963) defined 

opportunities to learn mathematics as the amount of time allocated to the learner for the learning 

of a specific task. In addition, Banicky (2000) defined OTL as what the education system does to 

enable students meet the expectations set by the content and performance standards. Furthermore, 

Floden, (2000) defined opportunities to learn (OTL) as related to content domains or cognitive 

skills provided in the curriculum materials or textbooks which depict learners’ engagement with 

different aspects and features of mathematical discourse. Thus, these are learning moments that 

the textbooks provide for learners to experience mathematics made available to learn in textbooks 

and including certain practices as the learners interact with them. OTL is the main determinant of 

learners’ content and cognitive achievement because it is a mechanism for improving mathematics 

teaching and learning. McDonnell (1995, p. 305) suggested that OTL is one of the small sets of 

generative concepts that “had changed how researchers, educators and policy makers thought 

about the determinant of student learning”. In support, Ronda and Adler (2017) state that OTL is 

one of the mathematical practices that is also needed to be factored in when describing the 

mathematics made available to learn in textbooks. In textbooks, opportunities to learn mathematics 

can be determined through examples, tasks, word and legitimations and learners’ participation 

(Adler & Ronda, 2016). However, Ronda and Adler (2017) argued that the way the author uses 

examples, tasks, words and legitimations affords or constrains opportunities for learning 

mathematics. 

In mathematics, textbooks are thought to characterize the teaching process more than in other 

subjects (Fan et al., 2013). Valverde et al. (2000, p. 2) explained that, “textbooks are designed to 

translate the abstractions of curriculum policy into operations that teachers and students can carry 
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out. They are intended as mediators between the intentions of the designers of curriculum policy 

and the teachers that provide instruction in classrooms.” The textbooks reflect the intended 

curriculum by translating it into a sequence of contents and defining the content to be discussed 

during mathematics lessons (Tornroos, 2005). That is, the choice of what to put into textbooks 

shapes schooling by providing certain opportunities to learn (Houang & Schmidt, 2008).  

Textbooks provide examples, activities, explanations, and exercises for learners to complete and 

offer instructional guides to both teachers and learners. In support, Apple (1986, p.81) explains 

that, “it is the textbook which establishes so much of the material conditions for teaching and 

learning in classrooms …. and …. often defines what is elite and legitimate culture to pass on.” 

Mathematics textbooks have a significant influence on students’ opportunities to learn because 

they influence what students learn, how they learn and the cognitive level at which these students 

learn. Adler and Ronda (2015) add that, “textbooks create particular opportunities for engaging 

the different aspects and features of mathematics discourse” (p. 1100). Therefore, it is necessary 

to study OTL for learning mathematics in upper primary classes through textbook analysis, 

particularly, on number concepts, operations and relationships.  

Studies in mathematics learning, particularly in area of number knowledge possessed by children 

in the early years of elementary school, have increased; some of which were done by Wright 

(1991), Payne and Huinker (1993), Rumiati (2010) and (Eliya, 2016). NCTM (2000) noted that 

studies like that are vital because the effective teaching of mathematics needs an in-depth 

understanding of what children already know and need to know. NCTM argues that without good 

early instruction, progress to higher-order skills is more difficult. Alongside these studies, 

however, other research done in Malawi, such as SACMEQ (2011) and Mulera et al. (2017) show 

that many learners fail to achieve levels of competence expected of their grades in number concepts 

and operations. This type of report is discouraging, especially in mathematics, because number 

concepts and operations form the core content area that is regarded as foundational for later 

progress where mathematics learning is based. Thus, its teaching and learning are important due 

to larger impact for learners’ later mathematics knowledge. When learners fail to comprehend the 

basic concepts in mathematics, they struggle to continue. As a result, some learners drop out of 

school or repeat classes. The contributing factors to learners having difficulties to learn 

mathematics is that textbooks and teachers ignore the prerequisite knowledge that learners bring 

to class with them as they start formal learning. To add on that, textbooks mostly do not encourage 
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the learners to use their own mathematics procedures in order to develop their critical and 

sophisticated thinking instead textbooks use imaginary examples which are sometimes ambiguous 

in nature (Malemya, 2019).  

Mathematics textbooks play a decisive role in the development of the concepts of mathematics 

thereby conveying the curriculum to the teacher and learners in the process of teaching and 

learning. Rohitaille and Travers (1992) argued that, “a great dependence upon textbooks is perhaps 

more characteristic of the teaching of mathematics compared to any other subject. The activities 

the mathematics textbook is involved in do not only give insight into learners’ utilization of 

mathematics textbooks but also give an idea of what the learning mathematics is all about for 

learners” (p. 107). It is essential, therefore, to explore the opportunities to learn mathematics that 

the textbooks provide for learners to access the object of learning.  

1.2 Problem Statement  

Mathematics education in Malawi has passed through different stages of development, which have 

all left their mark on the teaching and learning context in schools. According to assessment done 

by Malawi Teacher Professional Development Support (MTPDS) (2010), primary school learners 

only mastered the lower level of mathematics skills below the expectations of the curriculum in 

Malawi. Surveys done by SACMEQ in 1998, 2002 and 2007 also showed that the performance of 

grade 6 learners measured by the learners’ mean score in mathematics, especially in number 

concepts and operations had declined between 1998 and 2002 from four hundred and sixty-three 

to four hundred and twenty-nine points and Malawi ranked 13th in mathematics out of 14 Southern 

African countries. The mean improved to four hundred and thirty-three in 2007 (SACMEQ, 2010).  

The average performance of Malawi learners was lowest as compared to 15 other Southern African 

countries that participated in SACMEQ III survey in 2007 and Malawi was ranked 14th out of 15. 

In addition, reports from MANEB (2016) also indicate that learners in primary school fail to reach 

minimum levels of mathematical proficiency specified in the National Examination. Studies and 

reports reveal several factors that contribute to this poor performance in primary school 

mathematics. The factors include large classes which hinder teacher-learner interaction, inadequate 

teaching and learning resources, teachers’ lack of knowledge in mathematical proficiency, 

teachers’ limited knowledge of learner-centred approaches,  inadequate qualified teachers and long 

period without revising the curriculum to meet present societal needs (International Mathematical 



 

6  

  

Union, 2014; National Education Sector Plan, 2008). As one way of improving learners’ 

achievement, Malawi government and its developing partners tried to implement a number of 

interventions. These interventions include, among others, the development of education plans at 

central and district levels, construction of classrooms, provision of teaching and learning materials, 

recruitment and training of teachers, revision of curriculum, conducting social/community 

mobilization campaigns, and the implementation of support activities such as mother groups, 

school feeding programme, among others (Mulera et al., 2017).   

The primary school curriculum was reviewed in 2007. The Ministry of Education proposed a shift 

from the objective education model (OEM) to outcome-based education model (OBE). The 

underlying argument of the shift was that OEM focused too much on the teacher, hence treated 

learners as recipients who could only play a passive role in achieving learning objectives. As a 

result, OBE was adapted as a vehicle to improve and promote learners’ active involvement and 

performance in mathematics and also other learning areas. The new curriculum focuses on a 

learners’ achievement that is fostered through active participation in classroom activities and 

beyond that promotes independent learning and critical thinking (MIE, 2008). In OBE, textbooks 

are major conveyors of curriculum content because they influence the implemented curriculum by 

shaping the instruction in the classroom thereby defining the content to be discussed during 

mathematics lessons (Törnroos, 2005). As a result, the value of a textbook is determined by the 

extent to which it contributes to learners’ achievement of learning outcomes and hence achieving 

the goal of OBE (Chang & Salalahi, 2017).   

Textbooks are considered as the basis of instruction and the most fundamental and popular teaching 

medium at school which facilitates mathematics communication besides the teacher and has been 

identified as an important factor that affect learners’ learning outcomes (Pang, 2008). Teachers’ 

decisions about the selection of content and teaching strategies are often directly set by the 

textbooks that teachers use (Freeman & Porter, 1989; Reys et al., 2004). As a result, textbooks are 

considered to determine largely the degree of students’ opportunities to learn mathematics in 

primary schools (Schmidt et al., 1997; Törnroos, 2005). Studies of textbooks are thus important 

because of their influence on both teachers and learners.  

However, despite the review of primary school curriculum to OBE in 2007 where learners’ 

achievement through active participation in classroom activities and learner-centred, MANEB 
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(2014–2016) indicates that most learners perform poorly in number concepts and operations. This 

is particularly disturbing in the case of mathematics as number concepts and operations are 

considered prerequisites for learning school mathematics since they form the foundation upon 

which later progress in mathematics learning is based. In addition, studies examining how 

mathematics textbooks influence instruction generally agrees that textbooks have a significant 

influence on students’ opportunities to learn mathematics (Stylianides, 2009). In Malawi, little is 

known about the research studies that have been conducted on analyzing textbooks for upper 

primary classes to explore the opportunities that these materials are providing for learners to learn 

number concepts and operations in mathematics. As such, the investigator aims to explore the 

opportunities that the curriculum materials are providing for the learning of number concepts and 

operations in mathematics in upper primary classes in Malawi.  

1.3 Purpose of the study  

The purpose of the study is to investigate the opportunities for learning number concepts and 

operations in mathematics that are provided in upper primary textbooks in Malawi. The textbooks 

are expected to provide the learners with the content, procedures, resources, methods, examples, 

explanations and the tasks that will involve the learners to participate in mathematical discourse 

as they interact with them. The research intends to find out what OTL mathematics textbooks are 

providing in order to make object of learning (number concepts and operations) accessible to the 

learners.  

1.4 Research Questions  

The research questions of this study will be divided into two parts: main question and the subsidiary 

research questions.  

1.4.1 Main Research Question  

What opportunities for learning number concepts, operations and relationships in mathematics are 

provided in upper primary textbooks in Malawi?  

1.4.2 Subsidiary Research Questions  

1. What opportunities to learn number concepts and operations are provided through the 

examples and tasks in the textbooks?  
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2. How do the tasks enable enactment of the learning objects that are stated in the textbooks?  

3. To what extent do tasks allow learners to apply and connect critical features of the 

mathematical content?  

1.5 Significance of the study  

The study will provide insight to the curriculum developers, teacher educators and teachers on the 

importance of creating opportunities for engaging the different aspects and features of mathematics 

discourse in the textbooks The findings will also add literature in the field of knowledge 

specifically on how to create opportunities for learners to participate in mathematics discourse. 

Lastly information on opportunities to learn mathematics will be used to evaluate the appropriate 

teaching strategies.  

1.6 Chapter summary  

This chapter introduces the whole thesis. The section has introduced the thesis and discussed the 

background to the study in relation to opportunity to learn mathematics that textbooks provide in 

upper primary classes. The chapter has also presented problem statement, purpose of the study, 

research questions and significance of the study.  
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Chapter 2: LITERATURE REVIEW  

This chapter gives a brief explanation of the concept of opportunity to learn, the MDI framework, 

the OTL and the textbooks, textbooks in Malawi, Number operations and relationships, How 

students learn mathematics,  previous studies on OTL, and lastly the chapter summary.  

2.1 Introduction  

Learning mathematics has become one of the foremost topics focuses of interest in mathematics 

education (Phiri, 2011).  There have been studies in mathematics education that aimed at studying 

the processes involved in mathematics learning and the ways in which learners may be assisted to 

become more proficient in mathematics some of which were done by authors (e.g., Davis, 1984; 

Phiri, 2011; Silver, 1985; Schoenfeld, 2007). The primary focus for this study is on what 

opportunities for learning number concepts and operations in mathematics are provided in 

textbooks for learners in upper primary classes in Malawi.  

2.2 Opportunity to learn and Mathematical Discourse in Instruction (MDI)  

Effective mathematics teaching engages students in discourse to advance the mathematical 

learning of the whole class. Mathematical discourse includes the purposeful exchange of ideas 

through textbooks explanations, as well as through other forms of verbal, visual, and written 

communication (NCTM, 2000). Research study by the World Bank (Abadzi, 2007) reveals that 

successful learning outcomes should not be expected without sufficient teaching and practice 

opportunities. And Ronda and Adler (2017) add that teaching depends on creating opportunities 

for learners to participate in mathematical discourse. That is, learners should be able to participate 

and interact with the cultural tools such as examples, tasks, words, legitimations and algorithms 

made available in mathematical teaching and learning in the mathematical discourse. In order for 

the learners to develop a deep understanding of certain concepts or to nurture certain capabilities, 

curriculum materials should avail a variety of opportunities for learners to access the crucial 

features of the object of learning. Thompson and Senk (2009) suggest that one of the most critical 

variables in determining students’ learning and achievement is opportunity to learn.   

2.3 Opportunity to learn and Textbook lessons  

According to Stein and Smith (2010), textbooks determine what teachers teach and what students 

learn in mathematics education. Textbooks can influence students’ learning as they contain 
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different types of mathematical tasks that require student engagement with the mathematics 

content embedded in them. A textbook is defined as a printed and published resource designed to 

be used by teachers and students in the learning process (Van Steenbrugge et al., 2013). The role 

of the textbook is to provide a structural scheme of ideas, organize teaching and learning and the 

ability to develop thinking and conceptual understanding of the content. A textbook lesson is “a 

segment of text materials devoted to a single main mathematical topic intended to correspond to a 

teacher’s classroom lesson on that topic taught over one to three instructional periods” (Valverde 

et al., 2002, p. 139). Textbook lessons use a variety of examples, tasks, and accompanying 

explanatory text such as definitions, analogies, illustrations and much more to mediate the 

mathematics (Ronda & Adler, 2017). Using each of these specialized tools of MDI in a conducive 

manner, textbook lessons create opportunities for learners to participate in the discourse when 

interacting with the textbooks. Therefore, textbook lessons need to be logically structured so as to 

encourage learners’ interaction, address gaps in learners’ understanding, and help learners to 

express mathematical concepts more precisely. Textbook lessons should be user friendly thereby 

being written in such a way that mathematics concept is well explained to learners even in the 

absence of the teacher. This will give learners a chance to practice and expand their ideas.  

2.4 Curriculum materials (textbooks) in Malawi  

The Malawi Outcome-Based Education curriculum focuses on learners’ achievement through 

active participation in classroom and out of classroom activities that promote independent learning 

and critical thinking (Malawi Institute of Education, 2008). In Malawi, curriculum materials 

consist of syllabi, teachers’ guides and learners’ books. The content and the structure of the 

syllabus, teachers’ guide and learners’ book in primary school are determined by the content and 

focus of the curriculum, as a result, the core role of a textbook is determined by the degree to which 

it contribute to learners’ achievement of the learning outcomes (Chang & Salalahi, 2017). The role 

of the learners’ book is to highlight and achieve the goals of the curriculum (OBE) thereby 

mediating between the intended and implemented curriculum. That is, learners’ books tie the 

intended curriculum and the implemented curriculum together (Schmidt et al., 2001).  

A curriculum is a resource that attends to sequencing or mapping learners’ learning over a period 

of time. Curriculum focuses on prescribing the objectives while the syllabus describes the means 

to achieve the intended objectives. As a result, a syllabus is just an outline of the content that has 
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to be learnt by children that include topics to be covered, their order and other relevant information. 

The content from the syllabus is converted into teachable units in the teachers’ guide that are 

designed to offer information, instructions and suggestions that will aid in construction of 

curriculum in the classroom. The learners’ book consists of tasks that are meant for learners to 

practice. This implies that studying textbooks is important because of their influence on both 

teachers and learners.  

2.5 Numbers, Operations, and Relationships  

When analyzing the textbooks, this study will focus only on number concepts and operations. 

Number concepts and operations are key elements in mathematics because they define numeracy 

and they are considered as prerequisites for the learning of school mathematics beyond literacy 

level (Kasoka, Jakobsen, & Kazima, 2017). Concepts in mathematics are hierarchical in structure. 

That is, each idea is contained in the idea that follows it. Number concepts and operations in 

primary textbooks in Malawi build on each other. For example, numbers, operations and 

relationships follow the sequencing from counting of concrete objects, counting using number line, 

ordering, order of operations, cumulative, associative, fractions and many more.  

Numbers, operations, and relationships is the first core element in primary mathematics. A core 

element is a component of a curriculum that is maintained without alteration in order to ensure the 

program’s effectiveness. A core element consists of a learning outcome that describes significant 

and important learning that learners will achieve and will be able to demonstrate at the end of a 

unit/lesson or concept. Learning outcomes for numbers, operations and relationship for primary 

school in mathematics in Malawi focus on seeing that the learners are able to use numbers and 

their relationships to solve practical problems (MIE, 2008).  

According to Chin and Zakaria (2015), number concepts and number operations form the basic 

mathematics that learners need to master before they can pursue advanced mathematics learning. 

Chin and Zakaria further explained that numerical skills are considered as skills that enable an 

individual to control his/her daily life effectively. Mastery of mathematics number concepts and 

operations at the early stage of schooling is really important and becomes the indicator of 

achievement and mastery of advanced mathematics. Studies show that mastery of number concepts 

and operations at the early stage plays an important role in the development of mathematical 

achievement in primary schools and secondary school level (Jordan, Kaplan, Ramineni & 
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Lacuniak, 2009; Lacuniak & Jordan, 2008). This is due to the process of mathematics that is 

hierarchical in nature in which higher level skills can only be mastered after the low-level skills 

have been mastered and involves a combination of understanding in terms of concepts and 

procedures (Aonola, Leskin, Lerkkanen, & Nurmi, 2004). In primary mathematics in Malawi, 

numbers, operations and relationships consists of more topics compared to other core elements. 

For example, it consists of eight topics in grade 5, fourteen topics in grade 6, ten topics in grade 7 

and eight topics in grade 8.  

2.6 How students learn number concepts and operations  

Children come to school with some rudimentary skills of counting (Bass, 2015; Kilpatrick et al., 

2001) which they acquire in their everyday activities before starting school. According to Reuben 

(2009), learners develop number concepts and operations at different levels before they start 

schooling. Learners come to school with knowledge of number concepts that blossom from 

informal experiences acquired from their community settings such as home, playground, grocery 

store, shopping malls and games. Such knowledge is usually represented non-verbally or verbally 

and it is often learned incidentally (Baroody et al., 2006). Learners progress with construction of 

number knowledge using their existing knowledge that later become an essential basis for 

understanding school taught mathematics. In formal schooling, learners develop number concepts 

and operations through modeling using sets of objects, role playing and through games. Findings 

found by Reuben agrees with earlier studies by Ginsburg (1977) where the researcher discovered 

that learners’ understanding of number concepts and operations such as addition and subtraction 

evolves from their early counting experiences. Kilpatrick et al. (2001) gave an example of children 

getting involved in sharing cookies and candies with their sisters and noticing that their sisters get 

more cookies than them; also children count stairs, and divide cakes with peers, before coming to 

school. 

Early understanding of natural numbers was influenced by Piaget’s logical operations framework 

that include classification, seriation and conservation as the foundation of understanding the 

natural numbers (Verschaffel et al., 2007). However,  educators believed that it was not possible 

for children to develop understanding of natural numbers rationally before concrete-operational 

stage and that logical operation was part of the integration of cognitive structure of the child 

(Kilpatrick et al., 2001; Verschaffel et al., 1996 ). Many scholars had questioned the centrality of 
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logical operations in the development of rational understanding of natural numbers and instead, 

they have attributed the development to the importance of children’s declarative and procedural 

knowledge of counting. Verschaffel et al., (2007) explain that the development of counting ability 

is interwoven with the development of understanding counting principles. Counting ability is one 

of the precursors for a good development of the later arithmetic ability and this ability can be 

acquired by children through mastery of essential counting principles. Gelman and Galistel(1978) 

described these early counting principles as the five conceptual principles in counting such as, the 

one-one-correspondence principle (number word can only be attributed to one counted object), the 

stable-order principle (number words must be invariant across counted sets), the cardinality 

principles (value of the last number word represent the quantity of the counted objects), the 

abstraction principle (objects of every kind can be counted) and lastly the order-irrelevance 

principle (object in a set can be counted in any sequence). Kilpatrick et al., (2001) explain that by 

the time children start elementary school, they understand the rules that underlie counting such as, 

performing conventional counting of sets of objects even greater than 10, use counting to solve 

some simple mathematical problems and even know some Arabic symbols up to 10. Kilpatrick and 

others further explained that from counting ability and counting principles, children learn basic 

facts—this include the addition and multiplication of single-digit numbers and subtraction and 

division. However, researchers emphasize on the gradual learning of these number facts from 

children’s own constructed strategies and prior knowledge. The children should start progression 

of mastery of orally stated single-digit addition such as counting-all-with sets of objects 

(materials), counting-all-without materials and then facts on multi-digit numbers- children use 

algorithms.   

Bass (2015) conducted a study in the United States of America, and his findings correlated with 

earlier studies by Gelman and Galistel (1978) and Ginsburg (1977) that learners’ understanding of 

numbers evolve from their counting experience. Kilpatrick et al. (2001) report that, children begin 

to learn mathematics from infancy and continue throughout their preschool period developing 

basic skills, concepts and misconceptions. At all levels of development, learners encounter 

quantitative situations where they learn a variety of things about numbers outside of school. 

Baroody (2001) argues that children from different social backgrounds differ in the rate they 

acquire informal mathematics levels because of the different amount of stimulation available in 

their environment. He further explains that the rate acquisition of mathematics skills can be 
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influenced by the opportunities provided to children in their society. In support Guberman (1996) 

argues that many parents in Brazil’s northeast coast a few times sent their children to the local 

shops to buy goods such as food or drinks. In these types of scenarios children were able to 

participate in activity that contributed to informal mathematics development. This informal 

knowledge is a critical basis for understanding formal mathematics, mastering basic skills, and 

developing mathematical proficiency (Baroody et al., 2006). To add on, Reuben (2009. p. 4) 

emphasizes that, for learners to learn basic operations, “they must know how to count; they must 

understand how to simultaneously count and keep track of objects; and then they must continue 

with this progression, and develop automaticity as the foundation of success with future number 

operations such as addition, subtraction, multiplication, and division through the following years."  

A whole number is the core content, which is regarded as foundational for later mathematics 

learning; its teaching and learning is essential due to larger impact for later mathematics 

knowledge. Reuben (2009) in his study noted that, after learning to count numbers, learners 

develop their understanding of number concepts and become more proficient with skills such as 

single-digit addition and subtraction and later with multiplication and division. These basic number 

combinations include mastery of basic facts, for example addition basic facts (5 + 4 = 9). Learners 

then move to double-digit addition and subtraction, and also learn place value. For example, 58 + 

31 = 89 or 58 – 31 = 27. And finally, learners move to the mastery stage where they work with 

greater computational, modeling, representation interpretation and problem-solving competence 

(Fuson, 2003).  Thus, learners are advanced in the way they integrate skills into simple word 

problems. At this stage, the learners are efficient, which means they are fast and accurate in 

production of answers.  

Learners in school learn mathematics with understanding, actively building their new knowledge 

from experience and prior knowledge. In Malawi, OBE curriculum follows this trend thereby 

introducing number concepts and operations from informal mathematical knowledge which the 

learners bring from their society. This agrees with one of the key findings of the project of the US 

National Science Foundation about how people learn. Bransford, Brown and Cocking (2000, p. 

14) state that if the learners’ “initial understanding is not engaged, they may fail to grasp the new 

concepts and information that are taught”. In grade 1 the first topic is pre-number activities where 

learners are involved in different skills such as sorting out objects, classifying, comparing, 
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matching and ordering objects according to different attributes like shape, size, color, kind and 

use. From pre-number activities, learners advance to counting, naming, and writing numbers, 

ordering and order of operations (advancing from single-digit operations to mastery phase). 

Acquisition of formal mathematical knowledge by learners is done through modeling using 

objects, number lines, regions, games, songs, and role playing (MIE, 2008). The way MIE has 

structured and sequenced the topics on number concepts and operations in primary school 

mathematics curriculum materials (MIE, 2007 - 2009) confirm what earlier studies by (Gelman & 

Galistel, 1978; Guberman, 1996; Fuson, 2003; Reuben, 2009) found that mathematical concepts 

are hierarchical in structure and each idea is contained in the idea that follows it. In support, Stols 

(2013) agrees that learners build their understanding on pre-knowledge.  As a result, the starting 

point of each topic in a grade should build on pre-knowledge from the previous grade level. The 

activities must also be selected in such a way that they will help the learner to form connections 

between concepts.  

2.7 Other Studies on opportunity to learn (OTL)  

Textbooks are important resources for teaching and learning mathematics. In most cases, a 

textbook is the only resource that all learners will have access to during the lesson. Li, Zhang, and 

Ma (2009) pointed out the importance of textbooks to learners as follows:  

The textbook should arouse students’ interest in learning mathematics, help students to study 

mathematics actively, develop students’ potential in creativity through the process of learning 

basic knowledge, improve students’ mathematical thinking when trying to understand the 

essence of mathematics knowledge, and raise students’ awareness to apply mathematics 

knowledge in everyday lives (p. 173).  

This crucial role of textbooks is also reflected in a number of studies that are devoted to analyzing 

and understanding the potential effect of the different features of the textbooks on mathematical 

learning (e.g., Fan et al., 2013; Mikk, 2000; Pepin & Haggarty, 2001; Remillard, 2005; Valverde 

et al., 2002). In support, Li et al. (2009) explained that the analysis made by these studies reveal 

nuanced insights into variation in what the learners need to learn in textbooks in order to achieve 

the desired learning outcomes and how this object of learning is made available to learners. And 

the value of textbooks is determined by the extent to which it contributes to student’ achievement 

of the learning outcomes (Chang & Salalahi, 2017). This shows that the goals of the curriculum 
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(on number concepts and operations) are expected to be highlighted and achieved through the 

textbook.   

Studies worldwide examining how mathematics textbooks influence instruction generally agree 

that textbooks have a significant influence on learners’ opportunities to learn mathematics 

(Stylianides, 2009). This means that mathematics textbooks play a decisive role in daily teaching 

practice and therefore in the learning opportunities that students are offered in these textbooks. For 

example, it is observed that learners look for information in the textbooks that can be directly 

applied to the assigned task or exercise in order to be assisted to solve the task. Opportunities to 

learn mathematics are therefore generated by how instruction is structured and delivered by the 

textbooks.  

The concept of opportunity to learn has a long history but in mathematics, it dates back to the 

1960s when Carroll (1963) contrasted OTL mathematics with the amount of time the student 

actually spent engaged in the process of learning. Similar studies were done  that used the concept 

of OTL to determine or quantify conditions within school or classroom that hinder or promote 

learning such as time on, task coverage, curriculum content and instructional strategies (e.g., 

Carroll, 1963; Floden, 2002; Stols, 2013). In addition, these researchers explained that when 

learners are provided with greater OTL, mostly when engaged time is maximized, the learners’ 

achievement increases. Research studies were also carried on textbook analysis by different 

researchers. Several studies investigated and analyzed different series of textbooks to find out OTL 

provided by textbooks on tasks demanding different cognitive levels of understanding (Hadar, 

2017; Van Zanten & Van den Heuvel-Panhuizen, 2018; Wijaya, 2015). The textbooks analysis 

revealed that there is a positive relation between OTL provided in textbooks and learners’ 

achievement.  

Glasnovic Gracin, (2018) investigated what students should do in a particular textbook task in 

order to be provided with OTL to compute, interpret, and to use argumentation to experience the 

object of learning when interacting with them. The study revealed that incorporating mathematical 

activities into the multidimensional framework of textbook tasks may help to better understand the 

opportunities to learn which are afforded students by using mathematics textbooks (Gracin, 2018).   
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Textbook tasks (examples and exercises)  

Textbooks are important because they contain tasks which are considered as devices for initiating 

activity and for creating opportunities to learn mathematics. The research conducted by Fan et al. 

(2013) indicate that textbooks are used by learners as a source of tasks in the form of practice 

exercises. Therefore, the nature of textbook tasks influence and structure the way learners think 

and can either serve or limit their views of the content matter with which they are engaged (Gracin, 

2018).  Thus, it is important for the textbooks that are used by learners to provide rich and 

worthwhile mathematical tasks, which are fit into the core of the curriculum, authentic,  thought-

provoking, appropriate for the learners and should have more than one answer or procedure.  

Studies  indicate that most textbook tasks that are provided in textbooks had few non-routine 

problems which led to learners experiencing lower procedural complexity in mathematics 

textbooks (Brändström 2005; Dole & Shield, 2008; Gracin, 2018; O’Keeffe & O’Donoghue, 2011; 

Vincent & Stacey, 2008).  For example, Brändström (2005) examined the differentiation of tasks 

in textbooks in grade 7 in Sweden. The results indicated a low level of challenging tasks in 

textbooks because the textbooks emphasized on low-level thinking and tasks with lower cognitive 

demand. And also, the comparative studies done by Fan et al. (2013) and Li (2000) on textbook 

tasks in US and China indicated that routine, closed and traditional exercises with no application 

to real life situations were dominating in the textbooks in both countries. This shows that 

formulation of suitable textbook tasks is a challenge in many countries.   

Examples play an important role in learning about mathematical concepts, techniques, reasoning 

and in the development of competences in mathematics. Examples are key features in any 

instructional explanation as well as one of the principle tools used to illustrate and communicate 

concepts between teachers and learners (Peled & Zaslavsky, 1997). Examples in form of worked 

examples are used to demonstrate methods, indicate relationships, and to explain difficult tasks. 

Worked examples act as templates to assist learners to have general devices for solving classes of 

problems. And textbooks need to provide examples with explanations of how to carry out 

procedures appropriately. Ronda and Adler (2017) argue that examples highlight features of the 

mathematical concept that is exemplified in a lesson. Several studies point to the contribution of 

worked examples for learning to solve mathematical exercises. Studies that  investigated the role 

of textbooks in secondary schools in Swedish and Finnish mathematics found that students work 
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with textbook tasks most of their allocated time in the lesson and that student often seek for help 

from the examples presented in the textbook in support of solving tasks (e.g., Johansson, 2006; 

Viholainen et al., 2015). In addition, examples presented by teachers in the classrooms mostly 

come from the textbooks. Several scholars have also argued on the advantages of using different 

types of examples rather than only one example (e.g., Bills et al., 2006; Gentner, 2005;; Rittle-

Johnson, & Star, 2009; Rohrer & Pashler, 2010; Watson & Mason, 2005; Zhu & Fan, 2006). The 

scholars explained that the use of examples of different types are effective and facilitate student 

learning better than using same types of examples. They further argued that when multiple 

examples are mixed, learners are forced to discern the variations between them and thus get better 

at sense making of the novel examples. Watson and Mason (2005) suggest that it is the structure 

of the set of examples (exercise) as a whole that promotes common mathematical sense-making. 

They explain that carefully designed sequences of examples with systematic variation are likely to 

result in progress and can make certain aspects of the object of learning noticeable for the learners. 

In line with this, variation theory claims that learning implies seeing or experiencing different 

aspects of an object of learning (Marton, 2015). Variation theory emphasizes on the discernment 

as the necessary condition of learning (Kullberg et al., 2017) and one of its specific principles is 

that seeing differences in examples/tasks precedes seeing sameness (Marton & Pang, 2006, 2013). 

Marton and Pang (2013) explain that when assisting learners to understand new concepts, the 

authors/teachers point to examples that share the aimed-at meaning but with a difference. Marton 

and Pang also argue against the view of developing new meaning from the experience of sameness 

in support of variation theory. 

Studies conducted in Malawi  

In Malawi, Malemya (2019) in a comparative study of textbooks between Malawi and Japan 

analyzed the differences and similarities between Japanese and Malawian mathematics textbooks 

for the first 9 years of school. His focus of study based on curriculum information for the textbooks, 

their content structural organization, depth, breadth and presentation. The analysis revealed that 

Malawian mathematics education has many things to be desired, and one of the findings is that 

textbooks contain low level cognitive demanding tasks, and that the textbooks do not encourage 

independent study for the learners. Malemya gave an example of learners’ books from grade 5 to 

grade 8 where he noted that tasks lacked high level questioning techniques that can help to induce 
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learners’ thinking and stimulate their interest and curiosity. He further states that activities in the 

learners’ books are usually too slow to make learners graduate to fast and sophisticated thinking 

such as reflective thinking (too much repetition of same content and procedures) that will enable 

learners to develop deep understanding of the tasks (Malemya, 2019). That is, the textbooks dwell 

on one concept for a long time, and the concept takes a long time to develop.  

Other studies done in Malawi  focused on the factors that contribute to poor performance of 

learners in mathematics also reported that 98% of learners in primary schools failed to acquire 

skills beyond basic numeracy (level 3) in mathematics and that no learner in grade 6 had skills 

beyond competent numeracy (level 5) in number concepts and operations (e.g., World Bank, 2010; 

SACMEQ I, II, 2005). This trend did not change in learners’ achievement when SACMEQ III was 

implemented with Malawian learners being ranked fourteenth out of fifteen countries that 

participated (SACMEQ, 2010). Based on SACMEQ survey reports, Mulera et al. (2017), in their 

analysis of factors affecting learner performance in Malawi’s primary schools, also revealed low 

achievement in number concepts and operations in mathematics. All these studies were conducted 

in the classroom, but, until now, no study has been done on textbooks as they are the implementers 

of the intended curriculum in the classroom.  And hence, it is important to investigate what impact 

the textbooks have on learners’ achievement in primary mathematics.  

Analyzing the content on numbers, operations and relationships, Malemya (2019) noted that 

counting numbers start from grade 1 up until grade 7. Malemya explains that counting is the most 

important basic concept for the other concepts that follow and need to be introduced fast. 

Malemya’s study also reveals that in upper primary textbooks, examples lack patterns of variation 

across examples and tasks are of low cognitive level that makes the learners fail to grasp the 

learning outcomes (e.g., averages in grade 7). However, textbook analysis is relatively new in 

Malawi, and, as a result, no study has been conducted on the opportunity to learn mathematics in 

number concepts and operations. This study will investigate opportunities for learning number 

concepts and operations in mathematics that are provided in upper primary curriculum materials 

in Malawi.  
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2.8 Chapter summary  

This chapter gives an overview of the importance of providing opportunities to learn mathematics 

in textbooks, how opportunity to learn relate with MDI, textbook lessons, how students learn 

numbers and previous studies. The next chapter will present the theoretical framework.  
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Chapter 3:  THEORETICAL FRAMEWORK  

This chapter presents the theoretical framework that is guiding this study and the components of 

the theory that were selected: object of learning and exemplification. Lastly, chapter summary.  

3.1 Introduction  

A theoretical framework is a “blueprint”, which serves as a guide on which to build and support 

the research study (Grant & Osanloo, 2014). This study has adapted Mathematics discourse in 

instruction (MDI) theoretical framework developed by Ronda and Adler (2017). The MDI 

framework was developed from another theory known as variation theory. The variation theory is 

a theory of learning that emphasizes alternation as a necessary condition for learners to be able to 

discern new aspects of an object of learning (Kullberg et al., 2017).  

3.2 Mathematical Discourse in Instruction (MDI) Framework  

The study is guided by the Mathematical Discourse in Instruction analytic framework for textbook 

analysis (MDITx) developed by Ronda and Adler in 2017. This analytic framework for the 

textbook analysis was adapted from MDI framework that was developed to analyze opportunities 

made available for learners to learn mathematics (Ronda & Adler, 2017) and it is rooted from the 

socio-cultural perspective that foregrounds the importance of mathematics in a coherent manner. 

The MDI framework allows for nuanced description of mathematics teaching and interpretations 

of differences in what is mathematically made available to learn (Ronda & Adler, 2017). Ronda 

and Adler further explain that the MDI framework is a framework that characterizes teaching 

across classroom contexts and practices and foregrounds the importance of generality in 

mathematics made available to learn. The aim of the MDI framework is to capture the complexity 

of mathematics teaching by concentrating on the discourse involved in the work of teaching 

mathematics (Adler & Ronda, 2015). MDITx framework is constituted by two commonplaces of 

mathematics pedagogy, namely exemplification and accompanying explanations/legitimations of 

mathematics which characterizes the teaching of mathematics about mediating an object of 

learning (Marton et al., 2004). These mediatational means of MDI are the commonplace in 

teaching that work together with the opportunities provided for the learners to participate in 

mathematical discourse (Ronda & Adler, 2017). Therefore, the quality of MDI is reflected in levels 

of coherence and connection within and between the example and explanation spaces 

teachers/textbooks set up within and across lessons, and how these mediate and connect learners 
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to the mathematical object(s) of the lesson (Shortino-Buck, 2017). Mathematical discourse 

provides an effective way of facilitating learners’ conceptual understanding and the acquisition of 

mathematical knowledge which is vital for learners in upper primary classes.  

The MDI framework focuses on five interacting components in the teaching of a mathematics 

lesson such as: object of learning, examples, tasks, naming/legitimations, and learner participation 

for mediating the object learning during the lesson. However, this study focuses on two elements 

of MDITx which are examples and tasks. This is because tasks and examples are the raw material 

upon which instruction is overlaid (Watson & Mason, 2006), and they play a significant role in the 

development of mathematics as a discipline (Olteanu, 2018). Figure 1 shows each component of 

the MDI framework. In the following section, the investigator explains in detail each of the two 

selected components of MDITx.  

  

Figure 1: Mathematics Discourse in Instruction framework (Adler & Ronda, 2015, p. 239).  

Object of learning  

Learning has a purpose and bringing that purpose into focus is central to the work of teaching 

(Adler & Ronda, 2015). The object of learning is often announced explicitly and relates to the 

mathematical content and skills that students are expected to learn in a given lesson (content and 

capability/competence) (Adler & Ronda, 2015). Ling Lo (2012) defines object of learning as what 

the student needs to learn in order to achieve the desired learning objectives. Ronda and Adler 
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(2015) describe object to learn (the lesson goal) as what the learners are expected to know and they 

are able to do, such as concept, procedure, algorithm or meta-mathematical practice. It focuses on 

what is introduced by the textbook lesson at the start, often the title or topic. For example: “adding 

fraction”. The choice of object of learning affects the quality of learners’ learning. It is therefore 

vital that the object of learning should be made known to learners at the beginning of the lesson.  

Exemplification  

Examples  

Mathematical content is made visible through examples because they are a common place in 

primary mathematics lessons (Ronda & Adler, 2017). Zodik and Zaslavsky (2008) define examples 

as a particular case of a larger class, from which one can reason and generalize as an instantiation 

of the content in focus. The example which the textbook selects should enable the learners to 

determine and understand important concepts in the lesson. The examples may be written in 

symbolic form (7 > 4x – 2), or in visual form like drawings of rectangles and graph of functions. 

The examples might be worked to demonstrate the procedure, or not worked to act as learners’ 

exercises. Marton and Pang (2006) explain that the key to better learning involves bringing 

attention to patterns of variation amidst invariances. Thus, textbook lessons need to provide a 

variety of examples that will enable learners to learn. It is therefore important for the author/teacher 

to provide opportunities for learners to discern key features of the content so as to enable them to 

learn mathematics.  

To determine the opportunities to learn mathematics through example, Adler and Ronda (2015) 

formed and described a set of progressive indicators for the example spaces in the textbook. They 

came up with three necessary aspects for a pattern of examples that constitute a basis for 

generalization. These included contrast, generalization, and fusion. Contrast (C) is when a set of 

examples bring attention for seeing one instance of what the object of learning is not. 

Generalization (G) is when the sequence of examples displays a similar aspect of object of learning 

across all sets of examples. Fusion (F) is when more than one aspect of an object of learning is 

simultaneously varying across an example space (Adler & Ronda, 2015). Coding of the example 

space was done by assigning three different levels of exemplification of textbook lessons. The 

example space is coded Level 1 when only one pattern of variation is used: either contrast or 

generalization. Level 2 is assigned when two patterns of variation are applied, and the patterns 
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may be contrast and generalization or contrast and fusion and or generalization and fusion. Level 

3 is assigned when there is (fusion) simultaneous variation of more than one aspect of the object 

of learning. If there are no patterns of variation that can be detected in the example space, then the 

code is NONE. “NONE does not mean that the author did not provide any examples. It means that 

the author did not provide opportunities for learners to discern the key feature of the content” 

(Ronda & Adler, 2017, p. 1102).  

Tasks  

Tasks are designed to mediate the competence of learners with respect to content. Ronda and Adler 

(2017) define tasks as what learners are asked to do with the examples. Examples make the goal 

of the content to be visible thereby drawing attention to relevant features within the task. In order 

to increase the opportunity to learn, tasks need to address not only the capability stated in the object 

of learning but also whether the task has a potential to engage learners in different experiences of 

the content which will enable learners to make connections among features of the mathematical 

content (Ronda & Adler, 2017). In their analysis, Ronda and Adler assigned tasks into three 

different levels of cognitive demand namely KPF (known procedures and facts), CTP (current 

topic procedures) and AMC (application/making connection tasks). Level 1 was coded KPF the 

tasks required a learner to carry out a known operation or procedure and facts. Level 2 was coded 

CTP as the tasks required a learner to use a new method of solving the task that was introduced in 

the current lesson and level 3 was coded AMC as the task required learners to involve multiple 

concepts and make connections between or among concepts.  

3.3 Theoretical framework as applied in the study  

In this study, Mathematical Discourse in Instruction (MDI) framework guided the investigator to 

formulate questions and analyze the textbooks in order to collect data. The MDITx assisted the 

investigator particularly, to divide the textbook lessons into blocks (example spaces) and coding 

of each example space using patterns of variation found in the examples and assigning levels to 

both example spaces and tasks. In addition, the MDITx framework guided the investigator in the 

discussion of the findings and conclusion. 
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3.4 Chapter Summary  

The chapter gives the introduction of the theoretical framework. The section has discussed the 

background of the MDITx framework, its components and how the framework is going to guide 

the study to analyze and discuss the findings.   



 

26  

  

  



 

27  

  

Chapter 4: METHODOLOGY  

4.1 Introduction 

This chapter presents the research design/methodology and data collection techniques used in the 

study. It also describes how sample and sampling was carried out. It further justifies how data 

analysis procedures were conducted.  

4.2 Research Design  

Research designs are procedures for collecting, analyzing, interpreting, and reporting data in 

research studies (Creswell, 2012). Thus, there are plans and actions for research that include 

detailed methods of data collection and analysis. There are several factors that guide the research 

design. These include the nature of research problems, personal experiences of a researcher, 

audience the research is writing for, and the research sample (Creswell, 2009). Research designs 

are useful, because they help guide the methods and decisions that researchers must make during 

their studies and provide the analytical framework at the end of the study (Creswell, 2012).  

The study was guided by mixed method approach to answer the research questions and collect data 

related to opportunities for learning mathematics that are provided in textbooks in upper primary 

classes. Mixed methods research is defined as an approach to inquiry that combines or associates 

both qualitative and quantitative forms (Creswell, 2009). In mixed methods approach, the 

investigator follows both the principles and assumptions of qualitative and quantitative study. This 

approach was selected because looking at the research questions, the use of a single research 

approach would not have been enough to answer all the specific questions for this research. The 

goal was to combine both approaches in creative ways that utilize the strengths of each within a 

single study (Creswell, 2009).  

Mixed method design comprises different strategies that are used to collect data. These strategies 

include sequential explanatory, sequential transformative, concurrent triangulation, concurrent 

embedded and concurrent transformative (Creswell, 2009). In particular, this study employed 

sequential explanatory strategy. In this approach, the investigator expands on the findings of one 

method with another (Ary et al., 2014; Creswell, 2009). That is, data collection starts with 

quantitative approach followed by qualitative data in the second phase (Creswell, 2009). The 

results for quantitative phase are the ones that inform the qualitative part of data collection.  
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Quantitative research designs are designs that are characterized by data collection which is 

expressed in numerical forms and analyzed using suitable statistical methods (Ary et al., 2014).   

Qualitative research designs are designs that are a means of understanding the meaning individuals 

or groups give to a problem (Creswell, 2009).  

The study collected quantitative data by coding the examples and the tasks from the learners’ book 

using the MDITx analytical tool adapted from Ronda and Adler (2017). The assigned codes were 

examined against the ability to provide a set of examples and tasks that were able to foreground 

critical features of the object of learning in the lesson. The codes for each example space were later 

analyzed and interpreted using qualitative design approach in order to get an in-depth 

understanding of the content.  

4.3 Sampling procedures  

Sample Size  

A sample is any group from which a researcher get information; and sampling is the statistical 

process of selecting a subset (called a “sample”) of a population of interest for purposes of making 

observations and statistical inferences about that population (Bhattacherjee, 2012).    

The study targeted mathematics textbooks for upper primary classes from grade five to grade eight. 

The sample size for the study included four teachers’ guides, four learners’ books and four syllabi.  

Sampling Technique  

Mathematics textbooks for the upper primary classes were selected by using convenience sampling 

technique. According to Ary, Jacobs, Sorensen and Walker (2014), convenience sampling is 

“choosing a sample based on availability, time, location or ease of access” (p. 459). The 

investigator’s choice of sampling technique was based on availability and ease of access of the 

textbooks since primary schools in Malawi use one prescribed mathematics textbook per class. 

Malawi Institute of Education (MIE) is the sole publisher of these curriculum materials and MIE 

is a body within the Ministry of Education, Science and Technology.  

From the curriculum materials sampled in the study, the investigator purposefully selected the 

learners’ book since the aim of the study was to investigate opportunity for learning mathematics 

in the upper primary. Thus, the study focused on the learners and how much the textbooks were 
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providing opportunity for them to access the object of learning in mathematics. According to Gall, 

Gall and Borg (2007), purposeful sampling aims at selecting cases that will provide rich 

information in respect to the purpose of the study. And the only textbook that learners interact with 

is the learners’ book.  

In the learners’ book, the investigator selected the first learning outcome (core element), which is 

numbers, operations, and relationships. The assumption for selecting numbers, operation and 

relationships was that the learning outcome comprises more topics per textbook more than the 

other learning outcomes. Therefore, this provided the investigator a wide range of coverage of the 

example spaces. And also, numbers, operations and relationships is the foundation for 

understanding other mathematical concepts. There were 184 example spaces where data was 

collected from the four learners’ book. Table1 summarizes targeted topic and example spaces.  

Table 1: summary of topics and example spaces per book  

  Class   Number of Topics  Example  

(examples/tasks)  

spaces  

Grade 5          8         48   

Grade 6         14          49   

Grade 7         10          54   

Grade 8           8          33   

Total number         40         184   

The first column indicates the class, column two shows the number of topics per class, and column 

three indicates the example spaces where the data was collected. The last row indicates the total 

number of topics and total number of example spaces for the four textbooks.  

However, the syllabi and the teachers’ guides were part of the sample because they provided the 

investigator with background information for the analysis since introduction of the units/topics and 
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worked examples were found in the teachers’ guide. And the teachers’ guides extract information 

from the syllabi.  

4.4 Data collection  

The instrument used to collect the data was Mathematical Discourse in Instruction Analytic Tool 

(MDITx). The analytical tool was used to code the examples and tasks in order to foreground 

different elements of mathematical discourse of instruction in the textbooks. In the study, the 

components of explanatory talk and learner participation were excluded in the analysis because 

the investigator was only focusing on the exemplification part of the MDI framework.  

4.5 Data analysis techniques  

In order to analyze the mathematics offered in the textbooks, the study employed MDI analytic 

tool (Ronda & Adler, 2017). This MDI analytical tool assisted the investigator to highlight the 

possible OTL mathematics which the curriculum materials provided in the textbooks in order to 

mediate the object of learning to the learners. The study focused on the author’s use of examples 

and tasks which afford opportunities for learning mathematics. In order to carry this study, the 

investigator adapted the method of TIMMS textbook study which, according to Ronda and Adler 

(2017), parsed (computed) the textbook lessons into blocks. Each block represented the author’s 

pedagogical focus such as introduction of the topic, worked examples and exercises and then coded 

the example spaces according to each element of instruction.  

4.6 Data collection procedures  

The collection of data began by identifying different separated blocks of the lesson (content) in the 

learners’ book and coded them by looking at patterns of variations provided in the textbooks. Each 

block comprises worked examples and practicing exercises (tasks) and coding. The coding was 

guided by MDI Tool for Textbook analysis (MDITx) developed by Rhonda and Adler (2017). The 

main focus of the analysis was on exemplification (examples and tasks).   

4.7 Data Analysis  

The purpose of data analysis was to make sense out of data that was collected. Data analysis is the 

process of making sense out of text and image data (Creswell, 2009). In this study, data analysis 

was done both quantitatively and qualitatively for the reason that this study adopted a mixed 

methods approach. The analysis started with quantitative analysis followed by qualitative one.  
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Table 2: MDI analytic Tool for Textbooks lesson (MDITx)  

                Examples                       Tasks  

Examples are coded as follows:   

Level 1: one pattern of variation used; either 

contrast (C) or Generalization (G)  

Tasks are coded as follows:  

Level 2: any two patterns of variation used; C,  

G/ C, F and/ G, F     

Level 3: - all patterns of variation used  

Other description  

Contrast (noticing difference)  

Generalization (noticing similarity)  

Fusion (discerning simultaneous dimensions of 

variation – add previous experience)  

Level 1 – carry out known procedures or 

known concepts related to the object of 

learning (KPF only)  

Level 2 – carry out procedures involving the 

object of learning (includes CTP)  

Level 3 – carry out level 2 tasks plus tasks that 

involve multiple concepts and connections  

(includes CTP and AMC)   

  

Table 2 describes code for analyzing textbook examples and tasks. Column one shows the codes 

for examples and column two shows coding for the tasks.  

4.8 Chapter Summary  

This chapter has described the design of the study, the strategies that were used to collect data, the 

instruments that were used, sampling of textbooks and how data was analyzed.   
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Chapter 5: Findings  

This chapter presents details of the findings of the study. The chapter begins with a presentation 

of findings following two components of the MDI framework that have been discussed in 

methodology. Furthermore, the findings are presented through document analysis on each of the 

four learners’ books. Finally, the chapter summarizes what has been discussed in the entire chapter.  

5.1 Introduction  

The analysis was done in the four learners’ books on the first core element: numbers, operations, 

and relationships for grade 5 to grade 8 – the upper primary classes. There are six core elements 

in primary school mathematics namely, numbers, operations and relationships, accounting and 

business studies, space and shape, measurement, patterns, functions and algebra and data handling. 

The investigator focused on the first core element as it forms the basis for the other core elements. 

The purpose of the analysis was to collect data on how examples and tasks are providing 

opportunities for learner to learn mathematics in upper primary curriculum materials following 

MDITx framework.  

Overview of the chapter  

The results from the document analysis of the four learners’ books for the four grades (grade 5 – 

grade 8) indicate several observations:  

First, the introductory explanations of the object of learning are not included in the learners’ books 

for grade 5, 6 and 7 instead textbook lessons are introduced in the teachers’ guide. In the learners’ 

books there are only the object of learning, worked examples and exercises. The instructions on 

how the learners are going to do the tasks are written in the teachers’ guides instead of the learners, 

book. This shows that the teachers give the instruction to the learners on the way they should do 

the tasks.   

Second, the textbooks are providing low-level examples and low-level cognitive demanding tasks. 

This shows that the textbooks are offering few opportunities for learners to participate in 

mathematical discourse in upper primary school. The low-level cognitively demanding tasks  

encourage rote learning where the learners memorize the rules or definitions thereby using known 

procedures and facts instead of using procedures with connections which initiate conceptual 

understanding that will help the learners to acquire mathematical proficiency.  
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Third, there are few high-level examples in the textbooks. The textbooks do not provide 

opportunities for learners to discern simultaneous dimensions of variations which incorporate all 

the three patterns of variations. The textbooks also have few high-level cognitively demanding 

tasks. Gracin (2018) argues that, procedures with connections develop deeper levels of 

understanding of mathematical concepts and ideas. This shows lack of mathematical proficiency 

in the textbooks that can assist learners to access critical features of object of learning. 

Four, the textbooks lack multiple modes of representation of concepts. Tasks in the textbooks 

encourage computation and procedure without connection. Most of the procedures provided in the 

textbooks encourage memorization through use of formulas. There are very few representations 

such as modeling, games, role play, diagrams/illustrations, graphs, or tables. 

Five, there are few worked examples in the learners’ books. Most of the example spaces in all 

learners’ books have one worked example and in other cases, no worked example is given to guide 

the learners when working on the tasks. Sometimes worked examples do not match with some of 

the problems given in the learners’ task. Most of the worked examples provided in the textbooks 

are simple examples, and they only show one procedure in most cases. Thus, the textbooks limit 

the learners to experience patterns of variation that will help them to learn.  

Six, the analysis reveals that all the learners’ books contain a lot of repeated activities. For example, 

counting numbers begin from grade 1 up to grade 7. The only difference which is done when 

counting number is that values of numbers vary from grade to grade. The textbooks also contain 

activities which have same type of questioning techniques.   

Seven, the textbooks dwell on the same skills for a long time, and this leads to slow development 

of concepts in the learners. For example, the concept of factors and multiples trade all the way 

from grade 4 through grade 8 and on almost the same content and procedures. The textbooks limit 

learners from widening their knowledge as they only use low level cognitive demand (use known 

procedures and facts). That is, the learners reproduce the rules, definitions and procedures without 

applications and making connections across the concepts and operations.  

Lastly, textbooks are teacher-centred. Thus, all the important information and instructions that are 

supposed to be written in the learners’ books are written in the teachers’ guide and the teacher is 
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mandated to give instruction to the learners for them to follow. Teacher-centredness of the 

textbooks makes learners to find problem when they are using the textbooks on their own, at school 

or in their homes. 

Analyzing the textbooks  

Analyzing the four learners’ books in upper primary school on the first learning outcome, the 

investigator found out that the textbooks provide only one worked example per example space in 

most textbooks. For example, in the first core element, in grade 5 all example spaces have only 

one worked example. Grade 6 has fourteen example spaces that contain two worked examples per 

example space; grade 7 have twelve example spaces that contain two worked examples per 

example space and grade 8 have only four example spaces that contain two worked examples per 

example space. The analysis combined worked examples with the practice exercises in order to 

capture good coverage of examples for coding and this also is in line with MDITx analytical 

framework. Ronda and Adler (2017) state that, “practice exercises following worked examples are 

regarded as in the same block” (p. 1106). The investigator coded the tasks by analyzing the practice 

exercise that the learners’ books provide. However, review exercises were not coded in all the 

learners’ book as they were treated as concluding exercises for the unit for assessment purpose and 

they were not used to develop the topic.  

The analysis expects to answer the following research questions:  

• What opportunities to learn number concepts and operations are provided through the 

examples and task in the textbooks?  

• How do the tasks enact/disclose the learning objects that are stated in the textbooks?  

• To what extent do tasks allow learners to apply and connect critical features of the 

mathematical content?  

5.2 Textbook 1: Grade 5 learners’ mathematics textbook  

Grade 5 learners’ book contains units and topics. The six units that are found in grade 5 learners’ 

book stands for the six learning outcomes/core elements for primary school mathematics. With 

contrast in that for grade 6, 7 and 8, the units represent topics and there are not learning outcomes 

for primary school. With regards to this explanation, analysis of grade 5 learners’ book will 

concentrate much on topics.  
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Object of learning  

The textbook starts with the concepts and capabilities (object of learning) on every block (example 

spaces) and then followed by worked examples and practice exercises. However, the analysis 

reveals that most of the example spaces do not start with the introductory explanations which could 

assist learners to understand the object of learning. That is, the author does not elaborate to the 

learners how they should do the tasks. Instead the content area commences with worked example 

followed by practice exercise. In other cases, the tasks do not state the capability. For example, 

Topic 1A and topic 1C, the author just wrote “Exercise 1D and “Exercise 3” respectively.  

The first core element, numbers, operations and relationships, contains 48 example spaces that 

were analyzed and coded. The codes were assigned to different examples and tasks and the results 

were quantitatively recorded using the table. Table 3 presents summary of coded findings from 

analysis of the examples and tasks from unit 1.  

Table 3: summary of coded examples and tasks for learners’ book 5  

Core Element/ 

Learning 

outcomes 

Examples Tasks 

Codes  Example spaces Levels of tasks Number of Tasks  

Number, 

operations, and 

relationships     

(8 topics),  

  

C  11 Level 1 24 

G  15 Level 2 21 

C and G 19 Level 3 3 

C, G & F 3   

    

Levels     

Level 1 26   

Level 2 19   

Level 3 3   

 

Table 3 shows core element/ learning outcome for the topics, examples and tasks that were coded. 
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Findings from examples  

The summary for the analysis for grade 5 textbook shows that out of 48 example spaces, 11 were 

coded contrast (C) and they belong to level 1. These example spaces provide opportunity for 

learners to see some differences thereby helping them to compare and contrast. This shows that the 

example space is able to provide opportunity for learners to discern contrast. The example spaces 

are applying one pattern of variations across examples and hence belong to level 1.  In order to 

code the examples as contrast, the following example space was used to illustrates the analysis (see 

figure 2). 

 

Figure 2: Exercise 2B. Dividing numbers (MIE, 2007, p. 27) 

The Examples 1–11 and worked examples have the same structure: dividing numbers by two-digit 

divisors with a remainder (as seen in the worked example and also after solving the practice 

exercise); with contrast in that example 9 is divided by 1-digit divisor without a remainder. The 

example space provides opportunity for learners to notice the different between and within 

examples in the example space.   

Fifteen example spaces were coded generalization (G), and they belong to level 1. These example 

spaces enable the learners to discern similarity which provide opportunity for generalizing the 
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features of the problems. And they are also a low-level example spaces as they provide only one 

pattern of variation (see figure 3).   

 

Figure 3: Exercise 2A. Re-arranging numbers in an increased order (MIE, 2007, p. 5). 

In this example space, examples 1–9 and worked example have similar structures, ordering 

numbers from largest to smallest. As the learners’ order numbers from largest to smallest in all 

examples, they will notice same pattern —similar structure and sequence in all the examples.  The 

learners will see similarity as they follow logical sequence of ordering numbers.  

Out of 48 example spaces, 19 example spaces belonged to level 2 and they were coded contrast 

and generalization (C, G). These example spaces have two patterns of variation that are used in the 

same example space. They enable the learners to notice certain features that are not object of 

learning and at the same time see similarity in the same example space which enable them to 

generalize. To clarify this pattern of variation, exercise 1A was used to shows how the investigator 

analyzed and coded the example space (see figure 4).  
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Figure 4: Exercise 1A. Filling in the missing numbers (MIE,2007, p. 1) 

The example space shows that examples 1–4 involve filling in the numbers in ascending order and 

example five involves filling in numbers in descending order. The learners will notice that all the 

numbers are following a certain sequence where the difference between successive terms is the 

same – 100. Thus, providing opportunity for learners to see similarity and be able to generalize. 

On the other hand, learners will notice contrast as the fill in numbers in descending order – having 

the opportunity to notice difference. Therefore, the example space is a level 2 example as they 

apply two patterns of variation across examples.  

And lastly, 3 example spaces out of 48 example spaces were coded contrast, generalization and 

Fusion (C, G & F) and these belong to level 3. The example spaces in level 3 help the learners to 

discern different critical features of object of learning at the same time and they also use knowledge 

from their previous experience. To illustrate the findings in this level, exercise 1B was used to 

show how the investigator analyzed and coded the example space (see figure 5). 
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Figure 5: Exercise 1B. Adding numbers (MIE, 2007, p. 14) 

The example space shows different ways of presenting addition of numbers such as vertical 

addition, horizontal addition, addition without and with regrouping and adding numbers up to four 

addends. Thus, learners will be able to compare and contrast among the examples. As the learners 

add numbers vertically or horizontally, they will notice some similarity and they will be able to 

generalize. Moreover, in examples 7–9, involves learners to identify place value positions, addition 

sign, ways of presenting addition and identifying key word that shows addition (number 9) – this 

will require learners to use previous knowledge (fusion). This example space provides opportunity 

for discerning simultaneous dimension of variations in order to mediate the critical features of 

object of learning.   
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The analysis of the example spaces indicate that most example spaces belong to level 1 (26 out of 

48) because they have only one pattern of variation; that is, either contrast or generalization. And 

the example spaces also lean partly on level two with two patterns of variations such as C and G 

(19 out of 48). Very few example spaces belong to fusion, which is level three (3 out of 48).  This 

implies that grade 5 learners’ book provide low level examples that enable learners to experience 

only one pattern of variation. Therefore, few opportunities for learners to experience features that 

are essential for particular learning in a single example space in order to develop certain 

capabilities.  

Findings from the tasks  

The other part of exemplification is task. The textbook provided a set of exercises that enable the 

learners to practice the aspect being illustrated in the worked examples. The overall analysis of the 

tasks for the 8 topics in unit 1 shows (portray) that, 24 tasks out of 48 tasks were coded under KPF. 

Thus, the tasks required the learners to use the known procedures and facts that they already have.  

Figure 6 was used to demonstrate the analysis. 

 

Figure 6: Exercise 1B. Filling in missing numbers (MIE, 2007, p. 2) 
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The example space allows learners to recall and use previously learned procedures in order to fill 

in the numbers in ascending and descending order. For example, the learner will identify the 

difference between the two numbers in each example and then follow the sequence. The cognitive 

level of this task is low level task because the learners will just use the knowledge that they already 

have from the previous lessons.  

There were 21 tasks out of 48 tasks that were recorded under CTP as they needed learners to use 

the methods or knowledge that was introduced in the textbook lessons through worked examples. 

The tasks require learners to use the procedures carried in the worked example within the example 

spaces. The example space that follow illustrate how the tasks were coded (see figure 7). 

 

Figure 7: Exercise 1B. Equivalent fraction by multiplying (MIE, 2007, p. 35).  

To find the equivalent fractions in the task, learners will solve the exercise by following the 

instruction given in the task and also the worked example. That is, the example space is providing 

opportunity for the learners to use the new method that is being currently introduced.   
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Only 3 tasks out of 48 tasks belonged to AMC because the tasks required the learners to involve 

KPF, CTP and more concepts and connections in order to solve the problems. Thus, the tasks 

needed learners to make decision on how to solve them in terms of algorithms and concepts and 

sometimes required the learners to apply and make connections between concepts. Exercise 1D 

illustrate how the investigator coded the tasks (see figure 8). 

 

Figure 8: Exercise 1D (MIE, 2007, p. 17). 

The author did not specify the object of learning for this example space. However, to carry out the 

task, learners will apply previously learned knowledge and procedures together with new 

procedures that are introduced in the current lesson. Learners also need to identify the key words 

that show the operations and make connections between the concepts.   

The analysis reveals that, most of the tasks in the learners’ book belong to level 1 (KPF) since there 

were 24 tasks that were coded KPF out of 48 tasks in unit. That is, most of the tasks required the 

learners to use previously learned knowledge and procedures in order to interpret the capabilities 

associated with object of learning. The analysis also reveals that some tasks which were coded 

level 2 (CTP) involved concepts and capabilities which were being introduced in grade 5 (e.g. 
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finding common factors, HCF, LCM and some fractions) and hence the tasks required learners to 

use present topic procedures in order to solve them.    

5.3 Textbook 2: Grade 6 learners’ mathematics textbook  

In grade 6, there are 14 units (topics) on the first learning outcome and all the units were analyzed. 

The object of learning is stated for every unit and capabilities at the beginning of example spaces. 

However, some example spaces do not have the capability. For example, exercise 5C, p. 19: 

“Practical problem” and also exercise 2C, p. 9: “answer the following questions”, followed by 

worked example and then a task. These types of example spaces were also coded as they were also 

part of developing the topic. There is no introduction of the example space which could help the 

learner to study the tasks on their own.  Three topics are introduced grade 6 namely, rate, ratio, 

Approximation and estimation. Assessments in form of review exercises, are also present in grade 

6 but the investigator did not code them because they are not used to develop the topic but allow 

learners to practice the concepts and capability. Table 4 shows the results from the analysis.  

Table 4: summary of coded examples and tasks for learners’ book 6  

Core Element/  

Learning 

outcome 

Examples Tasks 

Codes  Example spaces Levels of tasks Number of Tasks  

Numbers, 

operations and  

Relationships 

(14 topics) 

 

C  10 Level 1 21 

G  17 Level 2 27 

C and G 21 Level 3 1 

C, G and F 1   

    

Levels     

Level 1 27   

Level 2 21   

Level 3 1   

 

Table 4 shows the core element/learning outcome for the topics, examples and tasks that were 

coded. 
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Findings from the examples  

The summary of the analysis for the examples on the first fourteen topics of grade 6 learners’ book 

indicate that, 10 example spaces out of 49 example spaces were coded contrast and the belong to 

level 1. The example spaces provide opportunity for comparing and contrasting. That is the learners 

will be able to notice the difference within examples in the example space (see figure 9 & 10).   

 

Figure 9:Exercise 13 B. Multiplying decimal numbers (MIE, 2007, p. 45). 

The investigator coded this example space as contrast (C) because the example space helps learners 

to notice the difference within the example space. There are two different decimal numbers 

involved in the examples. That is multiplication of decimal numbers that combine a whole number 

and multiplication of decimal numbers without a whole number. For example: 8.12 x 3.4 and 0.16 

x 0.2. The solutions also differ in the way that the first example does not need a zero as a place 

holder whereas the second example need zero as the place holder because when multiplying 

decimal numbers, the sum of the decimal places in the two factors is equal to the number of decimal 

places in the product (0.032). Thus, learners have to compare and contrast between or among the 

decimal numbers involved and then understand different decimal numbers used in the examples.  
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Figure 10:Exercise 3C. Answer the following question (MIE, 2007, p. 13). 

The investigator coded the example space 3C as contrasting because there are two different ways 

of subtracting the numbers in the same example space. The first way is by “take away” and the 

second way is by “how much more”. These two procedures will enable learners to see difference 

hence providing opportunity for learners to compare and contrast between the procedures. The 

example space also helps the learners to see the contrast as they identify the key expressions which 

show subtraction among other expressions in the sentences.  

There are 17 example spaces out of 49 that were coded generalization and they belong to level 1. 

These example spaces provide opportunity for seeing similarity and therefore allowed learners to 

generalize.  The example spaces that follows were used to illustrate how the examples were 

coded (see figure 11 & 12) 
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Figure 11: Exercise 2B. Adding numbers (MIE, 2007, p. 8). 

The examples on this example space have same structure; addition of five addends, addition with 

regrouping at all place value position and no place value position titles which depict learners’ 

mastery of place value position of digits in a number. The investigator coded this example space 

under generalization because there is only one pattern of variation used and hence showing 

similarity. That is the example space enables learners to generalize as they add the numbers since 

there is transfer of number from one place value position to another place value position throughout 

the place value positions. Learners will focus much on regrouping of number throughout the 

example space and be able to generalize. 
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Figure 12: Exercise 8C. Mixed numbers (MIE, 2007, p. 30). 

The example space was coded Generalization because the examples are the same and follow 

similar sequence of arrangement and have same procedures. Learners will model the mixed 

numbers in the number line following a general sequence as seen in the worked example. When 

they reach the whole number, learners will be able to see the relationship between the whole 

number provided on the number line and the mixed numbers that they are modeling. This will 

enable the learners to notice similarity as they move through all the examples in the example space.  

There are 21 example spaces out of 49 example spaces that were coded C and G and belonged to 

level 2. Thus, the example spaces enable the learners to discern similarity and differences within 

the example space (see figure 13 & 14). 
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Figure 13: Exercise 9C. Dividing fractions and whole number (MIE, 2007, p. 35). 

The investigator coded this example space under contrasting and generalization as it allows 

learners to see similarities and difference in the same example space.  In the example space, 

examples 1–3, 7 and worked example 1 have same structure, dividing a whole number by a proper 

fraction and examples 4–6, 8 and worked example 2 have similar structure, dividing a proper 

fraction by a whole number. Learners will notice similarity between examples and be able to 

generalize. With contrast in that there are a division of a whole number by a proper fraction and a 

division of a proper fraction by a whole number. These are two different capabilities that are 

required for the learners to acquire in this example space. Thus, the example space provides 

opportunity for learners to seeing difference. At the same time, the learners will also notice 

similarity as they see the whole numbers in both examples (i.e.,4 ÷ ⅔   and   ¾ ÷ 9) being changed 

into improper fractions (4/1 and 9/1). With the contrast in that, 4/1 will remain the same but 9/1 

will be turned upside down as ⅑ (nine becoming a denominator). 
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Figure 14: Exercise 8F. Adding fractions (MIE, 2007, p. 32). 

The investigator coded this example space under C and G because it involves contrast and 

generalization. There are variations in this example space in the way that there is addition of proper 

fraction and mixed numbers, addition of whole numbers and addition of a whole number and a 

proper fraction; for example: ¼ + ⅔; 5½  + 3⅗ ,1 + 5 and 4 + ⅝,  in the same example space. 

Addition of fractions (proper fractions and mixed numbers) are in line with object of learning and 

this will help learners to see similarities as they identify the lowest common multiple (LCM) with 

contrast in that the example space has included addition of whole numbers (1 + 5) and addition of 

a whole number and a proper fraction (4 + ⅝) enabling them to see difference. The working 

procedures will also differ as learners solve the examples.  

And lastly, one example space out of 49 example spaces was coded C, G, and F, and it belonged 

to level 3. This example space provides opportunity for learners to discern simultaneous 

dimensions of variation within the example space (see figure 15). 
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Figure 15: Exercise 2C: Answer the following questions (MIE, 2007, p 9–10). 

The investigator coded the example space as C, G and F because it discerns simultaneous aspects 

of variation. All examples in the example space involve addition with regrouping as a result; 

learners will see similarity and then be able to generalize. The learners will identify expressions 

that indicate addition in the sentence which will assist them to compare and contrast among the 

expressions. And example 3 has a different structure as it is represented in a table form. 

Moreover, to solve example 3a – 3d, learners will require applying concepts of data handling and 

experiencing fusion.  

The analysis reveals that, most of the example spaces belong to level 1 (27 example spaces out of 

49) since they have only one pattern of variation applied. That is, either contrast or generalization. 

This also implies that the units under the first core element do not provide high level exercises that 

provide enough platforms for learners to discern different features that are essential for a particular 

learning outcome in grade 6. 

Findings from Tasks  

Analysis of the tasks indicates that, out of 49 tasks, 21 tasks were coded under KPF which belong 

to level 1 as they needed the learners to use known procedures and facts. That is, the tasks require 

learners to use previously learned knowledge and /or procedures associated with object of learning  
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(see figure 16).    

 

Figure 16: Exercise 6B. Finding HCF of numbers by factor method (MIE, 2007, p. 22) 

Exercise 6B was coded level 1 task (KPF) because learners will solve the task by using known 

procedures and facts. The learners are going to use previously learned concepts such as knowledge 

of factors, prime factors and common factors in order to solve the HCF.  

There were 27 tasks which were coded CTP and belong to level 2 as they required learners to apply 

knowledge and procedures that were being introduced in the current lessons (see figure 17). 
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Figure 17: Exercise 13A. Multiplying decimal numbers by whole number (MIE, 2007, p.44). 

This task was coded level 2 task because the topic is new, and the learners are required to use the 

current topic procedure to solve the problem thereby following the given example.  

Lastly, 1 task out of 49 tasks was coded AMC as it required learners to make decision as to what 

procedures and concepts were needed to answer the task or required connections between concepts. 

Learners also required using knowledge acquired from everyday life (see figure 18). 
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Figure 18: Exercise 2C.  Answer the following questions (MIE, 2007, p. 9–10). 

Learners are required to make decision on how to use the table provided in question 3 and hence 

they will need the idea of data handling which is another learning outcome (core element) in 

primary mathematics. That is, it is a task that requires connections between concepts.  

The results from the analysis of tasks show that the first 14 units in grade 6 learners’ book mainly 

contain level 2 tasks (CTP). That is, most of the tasks are designed to mediate learners’ capabilities 

with regard to current topic and / or apply the procedures that are being introduced in the current 

topic/lesson (Ronda & Adler, 2017).  

5.4 Textbook 3: Grade 7 learners’ mathematics textbook  

The first learning outcome (core element) for grade 7 has 10 units and all the units were analyzed. 

The textbook contains three units which are just being introduced namely, Roman numerals, 

averages and percentages and three units which combine two or more basic operations on same 

example. And these units include basic operation on whole numbers, basic operation on fractions 

and basic operation on decimal numbers.  

The textbook starts with concepts on every unit and then capability on most of the example spaces 

followed by worked example and the practice exercises. However, some of the example spaces 

lack background information on the procedures needed to solve the tasks. As a result, it does not 

provide enough grounds for independent study by the learners themselves. For example, on three 

units (unit 3, 6 and 7) that deal with combination of two or more basic operation on same example, 
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the textbook is silent on the order of operations following BODMAS until at a later stage. Below 

is the summary of the analysis of the textbook:  

Table 5: summary of coded examples and tasks for learners’ book 7  

Core Element/  

Learning 

outcome 

examples Tasks 

Codes  Example spaces Levels of tasks Number of Tasks  

Numbers,  

Operations and 

Relationships 

(10 topics)  

C  6 Level 1 14 

G  15 Level 2 33 

C & G 18 Level 3 7 

C & F 6   

C, G & F 9   

    

Levels     

Level 1 21   

Level 2 24   

Level 3 9   

Table 5 shows the core element/learning outcome for the topics, examples and tasks that were 

coded. 

Findings for examples  

There are 54 example spaces for the first learning outcome (core element) in grade 7. 6 example 

spaces out of 54 were coded C and they belong to level 1. These example spaces provide 

opportunity for learners to notice different features between or among examples thereby 

experiencing something that is not a critical feature of that object of learning (Marton et al., 2004). 

The two examples that follows are used to illustrate the coding (see figure 19 & 20). 
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   Figure 19: Exercise 8A. Expressing numbers up to 4 decimal places (MIE, 2008, p. 40).   

In this example space, the learners are required to round up decimal numbers up to 2, 3, and 4 

decimal places. In order to round up the decimal numbers, the learners will be changing some 

decimal numbers from one place value position to another place value position if that next number 

is not under considerations (for example, 0.125964 to 3 decimal places = 0.126) as seen in the 

worked example with contrast in that there will be no transferring of number from one place value 

position to another place value position for some decimal numbers. For example, 90.34623m to 4 

decimal places = 90.3462m. The learners will see some changes in some digits, for instance 5 

changed to 6 and 2 did not change. This will enable learners to see the difference within examples 

and will be able to contrast.  
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Figure 20:  Example, Exercise 9A. Solving practical problems involving speed (MIE, 2008, p. 

44).    

The investigator coded this example space as contrasting, because the example space is enabling 

the learners to compare two different features; that is speed and time. The object of learning for 

this example space is, “solving practical problems involving speed” but question 3b require the 

learners to calculate, “time” which is different to the mathematics that are supposed to be mediated 

in the lesson. This example space provides opportunity for learners to compare and contrast the 

different features.  

There are 15 example spaces out of 54 example spaces that were coded under generalization and 

belong to level 1. The structure of the worked examples and the exercises provided on these 

example spaces are the same. They also use the same procedures to solve the tasks. The example 

space provide opportunity for learners to notice similarity and therefore enable learners to 
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generalize in relation to one aspect of the object of learning. The two examples that follows 

illustrate the coding (see figure, 21 & 22). 

 

Figure 21: Exercise 6A. Adding and subtracting proper fractions (MIE, 2008, p. 23).  

In this example space, examples 1–8 and worked examples have similar structure and it involves 

addition and subtraction of proper fractions with different denominators varying from 1–2 digits 

(⅟12 - ⅟4 + 23⁄24), identifying LCM, identifying order of operations and grouping fractions with 

same sign. This example space helps learners to notice similarity as they are adding and subtracting 

proper fraction on various examples of the same type and this will enable learners to generalize.  
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Figure 22: Exercise 8B. Changing decimals to mixed numbers (MIE, 2008, p. 41). 

The example space helps learners to practice different aspects of the critical features of object of 

learning while still focusing on changing decimals to mixed numbers. For example: 8.05; 62.126; 

and 1.1235 have same structures but different number of decimal places. As a result, the mixed 

number will also have same structure but different denominators following the place value 

positions of the decimal numbers. As learners change fractions from one mode of representation 

(decimal numbers) to another mode (mixed numbers), they will see how denominators are being 

identified using the place value position and then be able to generalize. And this will help them to 

simplify the mixed numbers.  

There were 18 example spaces which were coded under contrasting and generalization, and they 

belong to level 2. These example spaces provided opportunity for learners to notice two variations 

of the aspects of the object of learning. Thus, the example spaces enable learners to noticing 

similarity and differences within the examples in the example space. Examples that follows were 

used to demonstrate the coding (see figure 23 and 24). 
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Figure 23: Exercise 7E. Subtracting and dividing decimals (MIE, 2008, p. 36).  

This example space helps the learners to see some similarity and difference in that, examples 1–7  

and worked examples, have same structure and the decimals vary from 1–4 decimal places in each 

example; with the contrast in that examples 2–4, 7 and worked example a, contain brackets which 

provide clarity to the order of operations. Thus, the author has clarified where to start solving the 

problems. Learners will also notice the difference that divisors are changed to whole number before 

dividing the decimal numbers. For example: 
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Figure 24: Exercise 3A. Adding and subtracting numbers (MIE, 2008, p. 9). 

The investigator coded this example space as contrast and generalization because it enables 

learners to see similarity and difference among examples. Examples 1–10 and worked example 

have same structure, adding and subtracting numbers up to 9 digits. Learners will notice similarity 

as they add and subtract the numbers in all examples following the order of operations as seen in 

the worked example. With contrast in the way that there are two concepts which are involved in 

each example as a result, learners will identify and group numbers with same sign (897 – 642 + 

1,549) and then perform the operations following BODMAS.  Moreover, some examples do not 

need grouping numbers with same sign (4,358 + 974 – 2,703) but only identifying the operation to 

be carried first. Therefore, this example space provides opportunity for seeing difference.  
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There are 6 example spaces which were coded under generalization and fusion out of 54 example 

spaces. The example spaces help the learners to notice similarity as they work through the 

examples as a result, the learners can generalize. In addition, the space helps learners to discern 

simultaneous aspects of variations which provide opportunity for learners to experience fusion. 

(see figure 25) 

 

Figure 25: Exercise 3C. Adding and multiplying numbers (MIE, 2008, p.11). 

The example space enables learners to seeing similarity and fusion, which provides opportunity 

for generalizing two aspects of object of learning within the example set. Examples 1 – 10 and 

worked example help learners to notice similarity as they show the critical features of the object 

of learning in order to capture different aspects. The examples require learners to group numbers 

with brackets and identify order of operations according to BODMAS. Introduction of brackets in 
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examples 3, 5 and 9 provide clarity in the order of operations and help the learners to identify the 

starting point when solving the problem (fusion).  

 

Figure 26: Exercise 7G. Solving practical problems involving basic operation on decimals 

(MIE, 2008, p. 38).  

This example space helps the learners to see similarity as they construct the mathematical sentences 

from the word problems, identify the key word for each operation involved in each problem and 

group numbers with same sign or basic operation. Moreover, the example space requires the 

learners to combine two basic operations on the same example following order of operations and 

using a brackets to provide clarity in the order of operation [e.g. multiply the difference between 

209.48 and 198.89 by 2.5: (209.48 – 198.89) x 2.5]. That is, providing opportunity for learners to 

experience fusion as they identify where to allocate/put a bracket (discern simultaneous aspect of 

variation).  



 

64  

  

Lastly, nine example spaces were coded under C, G and F out of 54 example spaces and belonged 

to level 3. The example spaces provide opportunity for learners to experience simultaneous 

variation of more than one aspect of critical features of object of learning and are connected with 

similarity and difference within the entire example set. Thus, these spaces give learners opportunity 

to generalize three aspect of object of learning namely: contrast, generalization and fusion. (see 

figure, 27 & 28) 

 

Figure 27: Exercise 4B. Solving practical problems on average (MIE, 2008, p. 19). 

In this example space, examples 1 – 4 and worked example have similar structure, a series of 

numerals and require learners to work out the averages. As the learners are working out the 

averages, they will notice similarity and be able to generalize. With contrast in that, examples 5 – 

7 are already provided with averages and learners are required to find different variables. Thus, 

providing opportunity to see an instance of what is not the object of learning. Moreover, to solve 
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problems 5 – 7, learners need to apply other concepts such as multiplication, addition, and 

subtraction that need to occur simultaneously.  

 

Figure 28: Exercise 9B. Simplifying Ratios to their lowest term (MIE, 2008, p. 45). 

This example space provides opportunity for seeing similarity, difference and experience fusion 

(simultaneous variation of more than one aspect of critical features of object of learning). Examples 

1 – 3 have same structure, a pair of ratios, with varying digits and examples 5a – 5d and worked 

example have similar structure, finding a pair of ratios from given information. Both set of 

examples enable the learners to seeing similarity and are able to generalize. With contrast in that 

example 5a – 5d require learners to form ratios from given information and then simplify them to 

their lowest term. And again, example 6 involves finding a share (price of sofa set) which is in 

contrary to object of learning (experiencing contrast). Moreover, to find a share in question 6, 

learners require the knowledge of linear equation to solve for unknown variables. That is, the 
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learners will be able to discern simultaneous variations and more aspect of critical features of 

object of learning.   

The analysis of the example spaces implies that most example spaces belong to level 2 (24 out of 

54 example spaces) because they contain a combination of two different patterns of variation 

namely, contrast and generalization and / or generalization and fusion. And 21 example spaces 

belong to level 1 because they contain one pattern of variation (contrast or generalization). Very 

few example spaces (9 out of 54 example spaces) belonged to level 3 because they combine three 

patterns of variations (contrast, generalization and fusion). This means that grade 7 textbook 

provides opportunity for learners to experience two aspects of variation to achieve learning 

outcome in a single example space.  

Finding from tasks  

Tasks are what learners are asked to do with various examples (Ronda & Adler, 2017). The 

textbook provides a set of exercises at every topic that enable learners to practice the concepts 

being illustrated in the worked examples. Analysis of the tasks shows that 14 tasks out of 54 tasks 

were coded KPF and they belong to level 1. These tasks required learners to use the known 

procedures and facts that they already know from their past experience. (see figure 29)  
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Figure 29: Exercise 5B. Finding the HCF of numbers using division method (MIE,2008, p. 

20).    

In this example space, learners are required to find HCF using division method thereby identifying 

factors which will go into the given numbers without a remainder. In order to do this task, learners 

require the idea of prime factors, factors and common factors which they did in the previous grades. 

Therefore, I coded this example space as KPF as it required learners to use known procedures and 

known concepts to mediate the capability in the lesson.    

There were 33 tasks out of 54 tasks that were coded under CTP and they belong to level 2. The 

tasks require learners to use concepts and procedures that were being learnt in the textbook lessons 

(new methods introduced in the lesson) (see figure 30) 
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Figure 30: Exercise 2C. Expressing Roman numerals in Hindu-Arabic numerals (MIE, 2008, 

p.7)  

The object of learning for this task is, “Expressing Roman numerals in Hindu-Arabic numerals” 

and learners are required to change the Roman numerals to Hindu-Arabic by following the concepts 

and procedures done in the worked example. The investigator coded this task as CTP because it 

mediates learners’ capability (writing Roman numerals in Hindu-Arabic) thereby following the 

rules and algorithm acquired in the current topic. That is, the task requires learners to apply the 

procedure that is being introduced in the current lesson.  

Only 7 tasks were coded under AMC and belong to level 3. These tasks require learners to make 

decisions concerning the concepts and procedures that needed to be called upon to answer the task. 

Sometimes the tasks require the learners to apply concepts or make connection between the 

concepts. This shows that the tasks provide learners with opportunities for further understanding 

of the concepts through making connections between or among the critical features of the object of 

learning. (see figure 31)  
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Figure 31: Exercise 5E. Solving practical problems on HCF and LCM (MIE, 2008, p. 22).  

There is no worked example in this example space. As a result, learners are required to formulate 

their own procedures, identify the operations involved in the task, identifying the key words which 

shows HCF or LCM in each example (greatest number = HCF, smallest number = LCM) and factor 

the numbers. However, examples 5 and 6 are not similar to the worked example which precedes 

them but features extra questions which demands more skills than those demonstrated in the 

worked examples (common in most example spaces). The investigator coded this task as AMC as 

it required learners to make decisions as to what procedures and concepts are needed to solve the 

exercise. 

The analysis of the textbook lessons from the first 10 topics (first learning outcome) of grade 7 

learners’ book reveals that, most of the tasks belong to level 2 (CTP) since there were 33 out of 54 

tasks that were coded under CTP. That is, most of the tasks required the learners to use a new 

algorithm/method of solving that was being introduced in the lesson. However, there were some 

contributing factors for coding most of the tasks as CTP; and this came about because some topics 

were just being introduced in grade 7 and other topics combine two or more basic operation on the 

same example. Therefore, solving these new topics needed new procedures of solving them as 

introduced in the lesson (for example: following the order of operations, BODMAS). In the 

previous grades (grade 1 – 6) basic operation was taught separately.  
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5.5 Textbook 4: Grade 8 learners’ mathematics textbook  

There are eight units in grade 8 under the first learning outcome and all the units were analyzed. 

In grade 8, the units start with an introduction which gives background information of the topic 

that is going to be discussed. And there are also success criteria which the learners are going to 

achieve at the end of each unit. After success criteria, there are exercises which start with a worked 

example and then some practice exercises. Most of the example spaces in grade 8 comprise of one 

worked example and sometimes these worked examples are not similar to some of the questions 

in practice exercises which follow them. For example: exercise 1F; converting Roman numerals 

to Hindu-Arabic: example: CXIII is = 100 + 10 + 3 = 113; DCL is = 500 + 100 + 50 = 650; task: 

1. XVI; 2. VIII; 3. DCLXII; 4. CDX; 5. XLVIII; 6. XCIX; 7. CML; 8. DCCC (MIE, 2008, p. 5). 

Learners require more information on examples 4, 6 and 7 in order to solve them and yet there are 

no illustrated procedures to help them tackle similar questions in the given task. This is the first 

textbook which includes the introduction in the learners’ book in this learning outcome (core 

element). 

Table 6: summary of coded examples and tasks for learners’ book 8  

Core Element/  

Learning 

outcome 

Examples  Tasks 

Codes  Example spaces Levels of tasks Number of Tasks  

Numbers,  

Operations and 

Relationships  

(8 topics) 

C  7 Level 1 (KPF) 18 

G  9 Level 2 (CTP) 11 

C and G 12 Levels 3 (AMC) 4 

G and F 1   

C, G & F 5   

    

Levels     

Level 1 16   

Level 2 12   

Level 3 5   
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Table 6 shows the core element/learning outcome for the topics, examples and tasks that were 

coded 

Findings from examples  

The analysis for the example spaces on the eight units of grade 8 learners’ book indicate that 7 

example spaces out of 33 example spaces were coded under contrast and belonged to level 1. These 

example spaces provide the opportunity for learners to notice the difference as they mediate on the 

object of learning. That is, learners had opportunity for seeing at least one instance of what object 

of learning was not. Figure 32 shows an extract taken from grade 8 textbook, to illustrate how the 

process of analysis was conducted.  

 

Figure 32:Exercise 1C. Filling in the missing numerals (MIE, 2009, p. 3) 

This example space provides opportunity for learners to compare and contrast because the example 

space contains two learning outcomes: “filling in missing numbers in ascending” and “filling in 

the missing numbers in descending order” (MIE, 2008, p. 3). The learners will notice difference 

as they order numbers from the smallest to largest number and when they order numbers from the 

largest to the lowest number.  
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There were 10 example spaces out of 33 example spaces that were coded under generalization and 

they belonged to level 1. These example spaces provided opportunity for learners to see similarity 

between or among the examples.  The learners were able to follow the worked examples as the 

examples highlighted and directed their attention to the necessary critical features of the object of 

learning and therefore enabled learners to generalize. (see figure 33 & 34) 

 

Figure 33: Exercise 6B. Calculating distance given time and speed (MIE, 2009, p. 28). 

All examples in this example space required learners to calculate distance given time and speed. 

The learners will calculate the distance by using the formula that is provided in the lesson. As a 

result, learners will be able to see similarity between or among examples as they follow the worked 

example, and this will enable them to generalize  
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Figure 34: Exercise 2A. Finding HCF by using factor methods (MIE, 2009, p. 6). 

This example space contains examples that have the similar structure, with varying numbers (3 – 

4 numbers) in each example. Learners are required to find factors, common factors and then the 

greatest common factor in order to solve for HCF. This example space provides opportunity for 

learners to see similarity among various examples and then they are able to generalize as they work 

on them.  

The example spaces that were coded under contrast and generalization were 12 out of 33 example 

spaces, and they belonged to level 2. The example spaces provide opportunity for generalizing two 

aspects of the critical features of the object of learning. Thus, the example spaces enabled learners 

to notice similarity and differences within the examples in the example space.  For example: (see 

figure 35 & 36) 
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Figure 35: Exercise 2C. Finding LCM using the factor method (MIE, 2009, p. 8). 

In this example space, examples 1 – 6 and worked example have similar structure, there is a pair 

or 3 – 4 multiples in each example, and as a result, this shows similarity. With contrast in that two 

different procedures are involved to solve them (factor method and division method) while the 

object of learning was: “Finding LCM using the factor method”. This enabled the learners to see 

some variations, and that is an instance of what was not the object of learning. Therefore, I coded 

this example space as contrast and generalization.  
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Figure 36: Exercise 8B. Increasing or decreasing given percentages (MIE, 2009, p. 35). 

In this example space, example 1a – 1e and worked example a) have same structure, increasing the 

quantities in given percentages and examples 2a – 2e and worked example b also have the same 

structure, decreasing the quantities in given percentages; this shows similarity. However, the 

example space involves two different concepts; increasing and decreasing quantities in given 

percentages, therefore, it provides opportunity for learners to seeing some difference. The analysis 

made the investigator to code this example space as contrast and generalization.  

Only one example space out of thirty three example spaces was coded contrast and fusion. This 

example space helps learners to seeing difference and discerns simultaneous dimensions of 

variation of more than one aspect of the object of learning. Figure 37 is used to illustrate how the 

analysis was conducted. (see figure 27) 
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Figure 37: Exercise 7A. Expressing Ratios in their lowest form (MIE, 2009, p. 30). 

The example space helps learners to generalize as they simplify the ratios through division using 

factors in all examples (1–5 and worked example) and then, coming up with their lowest terms. 

However, examples 3–5 involve converting numbers from one unit to another unit (Kwachas to 

Tambalas, hours to minutes and liters to milliliters respectively) in order to have same units and 

then be able to simplify the ratios. In order to convert the units, learners needed the knowledge of 

measurement (which is another learning outcome) to understand the relationships between these 

units. I coded this example space as providing opportunity for seeing similarity and discerning 

simultaneous dimensions of variation.    

 Lastly, I coded five example spaces out of 33 example spaces under contrast, generalization and 

fusion, and they belonged to level 3. Thus, the example spaces provide opportunity for learners to 

experience simultaneous variation of more than one aspect of critical features of object of learning. 

That is, learners were able to discern similarity, difference and simultaneous aspects of variation 

for features of object of learning in the example sets. The two examples (fig. 38 & 39) that follows 

are used to illustrate how the process of coding was conducted. 
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Figure 38: Exercise 8C. Solving practical problems involving percentages (MIE, 2009, p. 36). 

In this example space, examples 4–5 and worked example have similar structure, have quantities 

and percentage except example 5 which requires calculating the ratio and percentage. Example 5b 

required the learners to find the ratio, which is not in relation with the object of learning. Moreover, 

examples 4 require learners to apply the concept of discount from their previous experience as a 

result; the example space is providing opportunity for learners to discern simultaneous variations 

(fusion).  
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Figure 39Exercise 3C. Solving problems on fractions that involve “brackets” and “of” (MIE, 

2009, p. 15) 

In this example space, examples 1 – 10 and worked example have same structure, they contain 

fractions which involve combinations of 3 – 4 basic operations in the same problem and all 

examples have one to two separate brackets in each example. The example space required learners 

to simplify the fractions following the recommended order of operations with match focus on the 

bracket as it provide clarity to the order of operations. Therefore, the example space helped learners 

to seeing similarity and they were able to generalize. With contrast in that, example 8 has two 

different brackets which are combined (square bracket outside and with round bracket inside it). 

Moreover, the square bracket does not appear in the worked example (new). As a result, learners 

will apply the rules of brackets in order to solve the problem (providing the learners to discern 

simultaneous variation). Therefore, I coded this example space as C, G and F.  

The analysis of the examples reveals that most of the examples in these eight units belong to level 

1 (16 example spaces out of 33 example spaces). This shows that most of the examples provide 

opportunity for seeing one pattern of variation that is either contrast or generalization. There were 

few examples that required learners to discerning simultaneous aspects of variation. This shows 

that the eight units fail to bring attention to patterns of variation as they do not provide a set of 

examples that will foreground the crucial feature of object of learning in the lessons.  
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Findings from Tasks  

The textbook provides a set of exercises for every topic that enable learners to practice the concepts 

being illustrated in the worked examples. Most of the tasks on the first eight units that the 

investigator analyzed in grade 8 belonged to level 1 (18 tasks out of 33 tasks) because they required 

learners to use the procedures in the author’s worked example that involved previously learned 

procedures and facts (KPF). For example, (see figure 40).  

 

Figure 40: Exercise 6A. Calculating the speed of objects given distance and time (MIE, 2009, 

p. 27).  

In this example space, learners are required to solve the rate using the formula as illustrated in 

the worked example. The formula that learners are required to use is already known by the 

learners since they used it in grade 7, hence learners are using previously learned procedure and 

fact (KPF).   
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There were 11 tasks out of 33 tasks that were coded CTP and they belonged to level 2. The tasks 

require learners to apply the new methods of solving that were being introduced in the current 

lesson. (see figure 41)  

 

Figure 41: Exercise 7D. Solving practical problems involving proportion (MIE, 2009, p. 33). 

In this example space, learners are required to solve the proportions by following the new 

methods that are being introduced in the current lesson. The learners will follow the worked 

example and be able to come up with the proportion in each example.  

Only four out of 33 tasks were coded under AMC and belong to level 3. These tasks required 

learners to make decisions concerning the concepts and procedures that needed to be called upon 

to answer the task. Sometimes the tasks required the learners to apply concepts or make 

connection between the concepts. This shows that the tasks provided learners with opportunities 

for further understanding of the concepts through making connections between or among the 

critical features of the object of learning. (see figure 42) 
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Figure 42: Exercise 2D Solving practical problems on HCF and LCM (MIE, 2009, p. 9). 

This task provides opportunity for learners to solve the problem on HCF and LCM using their own 

procedures. Learners will make decisions on that concepts and methods to use when solving the 

tasks. For instance, learners will use concepts such as the knowledge of factors, prime factors, and 

common factors and also procedures such as factor method, division method, and continued 

division method. Thus, using known concepts and previously learned algorithms and also the new 

methods that are being introduced in the current topic. Moreover, learners will also need other 

concepts such as the concept of area of a rectangle and basic operations as required in task 6 and 

2, respectively. Sometimes, some tasks require learners to apply concepts or make connection 

between the concepts.  

Analysis of tasks in grade 8 on the first eight units shows that most of the tasks are level 1 task. 

These tasks require learners to use previously learned concepts and procedures to mediate object 

of learning. One of the contributions of the findings is that most of the tasks are repeated, that is, 

the tasks were already done in lower grades. The findings also reveal that most tasks are recall type 

of tasks they do not require learners to apply multiple concepts or make connection between or 

among concepts.   
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5.6 Chapter summary  

The chapter has presented the description of how the textbooks were analyzed and coded using 

MDITx analytical framework through quantitative and qualitative approach methods. The 

chapter discussed how each learner’s book was analyzed. The next chapter present the 

discussion.   
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Chapter 6: DISCUSSION  

6.1 Introduction   

This study investigated the opportunity to learn mathematics that the textbooks provided on 

number concepts and operations in the upper primary school classes in Malawi (grade 5 – grade 

8). The study aimed at investigating opportunities to learn number concepts and operations as 

provided through the examples and tasks, as well as how tasks enact the learning objects that are 

stated in the textbooks and the extent to which tasks allow learners to apply and connect critical 

features of the mathematical content.  

Opportunities to learn number concepts and operations as provided through examples and 

task  

The finding from the textbooks in upper primary classes reveals that, all the four textbooks have 

the same sequence and structure of the topics and textbook lessons, and there is no background. 

The textbook lessons either start with an object of learning (a concept and a capability), worked 

examples and exercises, or with a capability, worked examples and then exercise. Stating the object 

of learning at the beginning of the example space provides opportunity for learners to understand 

the concept in focus and the capability that they are expected to develop for the specific learning 

outcome. However, some example spaces only have an exercise. The study also reveals that the 

starting point of each topic in each textbook is building on prior knowledge from the previous 

textbook (previous grade). That is, the textbooks are assisting learners to develop their 

understanding of new concepts using their prerequisite knowledge. The activities in the textbook 

are selected and sequenced in such a way that they enhance understanding and provide 

opportunities for learners to apply and make connections between or among concepts. For 

example, the concept of fraction is built on the knowledge of whole numbers or the use of the ideas 

of lowest and highest common multiple. The finding is in line with earlier studies indicating that 

learners’ understanding of numbers evolve from their previous experience and that each concept 

is contained in the idea that follows it (e.g., Bass, 2015; Fuson, 2003; Reuben, 2009; Stols, 2013).   

The finding on examples reveals that mathematics textbooks for upper primary classes in Malawi 

contain low-order examples on number concepts and operations. Most examples across the 

example spaces provide opportunities for learners to experience only one pattern of variation of the 
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critical features of the object of learning such as either contrast or generalization. For example, 

grade 5, grade 6 and grade 8 indicate that the textbooks are giving level 1 pattern of variation (see 

tables 3, 4 and 6 respectively). There are few example spaces that allow learners to discern contrast, 

or to combine two patterns of variation. The example spaces in the textbooks comprise various 

examples that allow learners to practice, but most of these examples are the same and provide 

opportunity for learners to notice similarities since the examples have similar structures and 

procedural fluency. Thus, enabling learners to experience the same pattern of variation and hence 

limit learners’ understanding of concepts within and between examples. The finding on textbooks 

providing the same type of examples is in contrast with one of the principles of variation theory 

that argues against developing a concept from experience of sameness when using examples 

(Marton & Pang, 2013). Kullberg et al. (2017) also argue that it is important for teachers/textbooks 

to afford patterns of variation in a set of examples in order to help children to learn. Whereas the 

examples in the textbooks from grades 5, 6, and 8 were mostly level 1, the textbook from grade 7 

was different. The findings in grade 7 shows that most of the example spaces provide opportunities 

for learners to experience two patterns of variation (see table 5). However, twenty-one out of fifty-

four example spaces were coded level 1 in grade 7, which shows a narrow difference between level 

1 examples and level 2 examples. This is also an evidence that the textbooks in upper primary in 

Malawi mostly contain low order examples. The finding confirms what Malemya (2019) found 

that mathematics examples in textbooks in Malawi are not deep enough to allow learners to study 

with understanding by themselves let alone lack visual of real-life examples.  

In addition, the study also reveals that there are few high level (level 3) examples in the learners’ 

books. Most of the examples found in the textbooks have few combinations of different patterns 

of variation. For instance, the findings from the four textbooks indicate that, in grade 5, out of 

forty-eight example spaces, only three were coded level 3. In grade 6, one out of forty-nine 

example spaces were coded level 3; in grade 7, only nine out of fifty-four example spaces were 

coded level 3, and in grade 8, only five example spaces were coded level 3 out of thirty-three 

example spaces. This shows that mathematics textbooks in upper primary classes offer few 

opportunities for students to learn several concepts in a single example space. The selection and 

sequence of examples display one form of variation, which is either contrast or generalization and 

hence provide the opportunity for generalizing in relationship to one aspect of the object of learning 

or provide the opportunity for seeing at least one situation of what is not the object of learning 
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(Adler & Ronda, 2015). Marton and Pang (2006) argue that the key to better learning involves 

bringing attention to patterns of variation amidst invariance. That is, in order for learners to attend 

to a particular feature crucial to the object of learning, textbooks need to give a set of examples 

that will introduce this feature in the lesson (Ronda & Adler, 2017). Therefore, the textbooks lack 

high-level thinking examples that can allow learners to discern simultaneous dimensions of more 

than two patterns of variations.  

The finding from worked examples on number concepts and operations in all the textbooks reveal 

that most of the example spaces have one worked example, and, in other cases, no worked example 

is given to guide the learners when working on the tasks. For example, in grade 5, only one worked 

example is given per example space in each of the forty-eight example spaces analyzed. Worked 

examples are important because they are used to illustrate algorithms or procedures for tackling 

similar questions or tasks. However, the finding is in contrast with the study conducted by Rittle-

Johnson and Star (2009) who found that  two examples are better than one example, and that two 

examples presented together are better than two examples presented separately. They further 

explain that in order for multiple examples to be effective, it is essential for learners to compare 

different types of examples in the same example space. The reason is that multiple examples allow 

learners to notice similarities and differences, which will assist them to generalize.   

The findings also reveal that the author provides the worked examples with no further explanations 

or any other conceptual support. For example, in grade 7 the author writes: 61.84 + 1. 751: 0.85 = 

61.84 + (1.751: 0.85) = 61.84 + (1.751 x 100 : 0.85 x 100) = 61.84 + 175.1 : 85 (MIE, 2008). From 

the example, the author does not provide reasons for multiplying the decimals with 100, or why 

the bracket was introduced. This shows that the textbooks do not give learners examples with 

explanations of how to carry out procedures appropriately. In relation to this, Reimann and Schult 

(1996) assert that it is important to specify in a worked-out example the steps that were taken and 

the reasons for taking them in order to direct the attention of learners to critical features of the 

object of learning. The result from the analysis concur with the finding of Chi et al. (1989), who 

explain that learners often regard examples with no explanations as restricted patterns that do not 

seem applicable to them when solving problems that require a little deviation from the solution 

presented in the worked-out examples. This shows that it is difficult for learners to follow such 

worked examples, especially, when some of the examples in the given exercise deviate from the 
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sequence or procedure of the worked example and features extra questions that demand more skills 

than those demonstrated in the worked example. This shows that upper primary textbooks in 

Malawi provide limited opportunities for learners to use the textbooks on their own when working 

on the tasks particularly at their own time or at home. Lack of clear instructions and explanations 

on the worked examples limit learners to adequately access the object of learning when they solve 

the tasks and hence this leads to dependence on the teachers. Worked examples should highlight 

the necessary features and direct the attention of learners to those features that make them 

exemplary. However, the finding is not in line with what Ronda and Adler (2017) explain, that 

worked examples should demonstrate the procedure or explain a concept so as to make the goal of 

mathematical content visible. Bills et al. (2006) concur with Ronda and Adler as they argue that 

worked examples offer insight into the nature of mathematics as they are used to demonstrate 

methods in complex tasks and indicate relationships, explanations and proofs in development of 

concepts.  

A task is a set of exercises that give learners opportunity to practice the aspect being illustrated in 

the worked example (Leshota, 2015). The findings from the three (grade 5, grade 6 and grade 8) 

textbooks revealed that most of the tasks in these textbooks are low-level-tasks and belong to level 

1, which enable learners to carry out known procedures and facts (KPF). There were twenty-four 

tasks that were coded KPF out of forty-eight tasks in the unit in grade 5, twenty-seven tasks were 

coded KPF out of forty-nine tasks in grade 6, and eighteen tasks were coded KPF out of thirty-

three in grade 8. That is, most of the tasks required the learners to use previously learned 

knowledge and procedures in order to interpret the capabilities associated with the object of 

learning. Like with the examples, whereas the tasks in the textbooks from grades 5, 6, and 8 were 

mostly on level 1, the textbook from grade 7 was different. The findings for the grade 7 textbook 

revealed that most of the tasks belong to level 2 (CTP), since there were thirty-three tasks out of 

fifty-four tasks that were coded as current topic/procedures (CTP). That is, most of the tasks 

required the learners to use new algorithms/methods of solving that were being introduced in the 

lesson. However, there were some contributing factors for coding most of the tasks as CTP; this 

came about because some topics were just being introduced in grade 7 and other topics combine 

two or more basic operations on the same example. As a result, solving these new topics needed 

new procedures that were being introduced in the lesson (for example: following the order of 

operations, BODMAS).   
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The study, therefore, found that all textbooks contain enough tasks that give learners opportunity 

to practice the aspects provided in the lesson. However, the textbook tasks on number concepts 

and operations are low-level tasks, with low cognitive demand. Most of the tasks require learners 

to recall concepts, use procedures without connections and application to everyday life or 

sometimes the tasks require learners to use current topic procedures provided in the textbooks. 

That is, the tasks provide opportunity for learners to interpret concepts that are already known and 

follow the procedure used in the worked example provided in the textbooks. The textbooks do not 

provide a variety of tasks; instead, the textbooks emphasize computations. The dominance of 

computation in the tasks may have a negative effect on the students’ understanding of 

mathematical ideas and may also limit their own views since the tasks encourage one answer 

(closed answer type of tasks).   

The findings from the tasks also reveal that there are few high-level order questions in the 

textbooks. The four textbooks have a total number of 184 example spaces in number concepts and 

operations. Out of these, only sixteen example spaces are level 3 tasks (see table 1). The textbooks 

lack exercises that challenge learners and develop their understanding. This means that 

mathematics textbooks in upper primary classes lack higher-order cognitively demanding tasks 

that could encourage learners’ reflective thinking. Aineamani and Naicker (2014) argue that 

textbooks should probe learners for higher mathematical reasoning by asking questions that require 

them to give more explanation and good justification for their responses in their mathematics 

classroom. Gracin (2018, p. 1004) concurs with Aineamani and Naicker by stating that, 

“mathematics textbooks should provide tasks that will engage students and challenge them to 

reason, as well as influence the quality of instruction and provide opportunities for developing 

understanding”. The textbook analysis results indicate a predominance of low-level tasks in all 

topics in number concepts and operations in upper primary mathematics textbooks in Malawi.  

The findings from the textbooks for upper primary classes reveals that textbook lessons are teacher-

centred. That is, the introduction of the topic or unit and other explanations of important 

information and instructions are written in the teachers’ guide. The curriculum does not give 

autonomy for the learners’ use of the learners’ book. Instead, the teacher is the one who provides 

all the necessary instructions to the learners on how to carry out the exercise in the learners’ book. 

Teacher-centeredness of the textbooks cause learners to find problems when they are using the 
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textbooks on their own, at school or in their homes and hence creating less opportunities for 

learners to participate in mathematical discourse. For example, in the teachers’ guide, Topic 1B in 

addition, the author suggests that teachers should, “[l]et the learners solve practical problems 

involving addition with sums not exceeding 999 999. The learners should be given a chance to do 

exercise 1D on page 17 of their book before you move to Topic 1C” (MIE, 2007, p. 9). Whereas 

in the learners’ book, the author writes, “Exercise 1D”.  

Enactment of the learning objects through tasks  

The analysis of textbooks reveals that the tasks provided in the textbooks fit into the core of the 

learning objects that are stated in the textbooks. That is, the tasks provided in the textbooks are 

suitable and address the capability stated in the object of learning. But, to what extent do textbook 

tasks enact the learning objects that are stated? The textbooks do not provide a balance of a wide 

range of tasks that could constitute computation, presentation and modeling, interpretation, 

argumentation, and reasoning competences, which can challenge learners and help them in 

developing their understanding. Instead, most of the tasks are routine type of tasks that require 

learners to use algorithms, recall, use simple mathematics facts, formulae and make simple 

connections between concepts. For example, the first unit for grade 5 (1A), grade 6 and grade 7 

contain tasks that require the learners to fill in the missing number, arrange numbers in ascending 

and descending order, and write numbers in words and figures. These types of tasks encourage 

rote learning as they involve learners to reproduce rules and definitions and, hence, obscuring 

learners from creative thinking.  

The findings also reveal that some tasks in the textbooks do not depict the object of learning. That 

is, the capabilities in these tasks are different from the object of learning stated at the beginning of 

the unit/topic. For example, in grade 6, unit 8 is for “Addition and Subtraction of fractions”, but 

exercise 8A to 8E is about types of fraction and how to change these fractions from one type to 

another. This type of selection and sequencing of tasks may disturb the learners.  

The extent to which tasks allow learners to apply and connect critical features of the 

mathematical content.  

The analysis reveals that there are few higher-level tasks found in the textbooks. This implies that 

few tasks allow learners to apply and connect critical features of the mathematical content. Looking 
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at the level 3 tasks analyzed in the textbooks on number concepts and operations, in grade 5, three 

out of forty-eight tasks were coded as level 3, in grade 6, one out of forty-nine tasks was coded 

level 3, in grade 7, seven out of fifty-four tasks were coded level 3 and in grade 8, five out of thirty-

three tasks were coded level 3 (16 tasks out of 184 tasks in 4 textbooks). The investigator noticed 

that the textbooks lack multiple representations of concepts on different forms such as diagrams, 

games, graphs and tables, verbal instructions, and modeling using objects and number lines and 

many more. These representations help learners acquire conceptual understanding of mathematical 

content. This assists learners to see connections among concepts and procedures and give 

arguments for them to explain. Kilpatrick, et al., (2001, p. 119) argue that, “[a] significant indicator 

of conceptual understanding is being able to represent mathematical situations in different ways 

and knowing how different representations can be useful for different purposes”. That is, in order 

to trade or maneuver effectively around the mathematical terrain, it is essential for the learners to 

observe how various representations connect with each other, according to their similarities and 

their differences and hence, externalize their understanding of situations. The research by Chin and 

Zakaria (2015) indicates that games help learners to develop addition and subtraction skills in 

number operations, and that learning through play is one of the approaches that could nurture 

interest in mathematics learning among children.  

This indicates that there are lower-level tasks in the textbooks that place little demand on learners’ 

thinking and explanations. The learners use the formulas to complete the exercises quickly and 

accurately without showing understanding of how the formula works. For example, use of 

formulae (in grade 7, on the concept of rate, ratios and proportions). This means that the 

algorithms/procedures to be applied are given and learners do not have to identify suitable 

mathematics procedures to solve the tasks and hence, they are not getting enough experience to 

develop their own ability to transform problems with real-world context (level 3) tasks into a 

mathematical problem. Thus, primary school textbooks in the upper classes in Malawi encourage 

learners to acquire routine expertise. This lack of experience with higher-level cognitive demand 

tasks explains the reason why learners in primary school consistently perform very poorly on 

primary mathematics especially in number concept and operations (SACMEQ, 2011).  
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6.2 Further discussion  

Textbook examples and exercises are a very important source of textbook tasks because they are 

used by learners in the classrooms or homework and they influence the understanding of 

mathematics concepts. Studies by Gracin (2018) and Vincent and Stacey (2008) say that 

mathematics is learned through different examples and tasks. As a result, textbooks should provide 

rich tasks (examples and exercises) that will engage and challenge learners to reason and provide 

opportunity for developing understanding. The results from the analysis of examples and tasks 

reveal that textbooks in upper primary classes in Malawi lack variation of the levels of examples 

and tasks in all the four textbooks. The textbooks offer only one pattern of variation of the aspects 

of object of learning in most cases for both examples and tasks. Vincent and Stacey (2008) in their 

study explained that all learners should be presented with a balance of curriculum experiences that 

will expose them to a variety of types of problems. Kullberg et al. (2017) agree that when different 

types of examples or practice exercises are mixed, the learners are forced to distinguish between 

them and thus get better at making sense of novel tasks and examples. Several studies support the 

variation of the levels of examples and tasks that should be included in the textbooks in order to 

draw attention to critical features of mathematical content (object of learning) (e.g., Bills et al., 

2006; Kullberg et al., 2017; Zhu & Fan, 2006). This shows that availability of high-level examples 

and high-level cognitive demanding tasks in mathematics textbooks will result in instructions that 

promote learners’ understanding of number concepts and operations development. However, the 

finding on the variation of the levels of examples and levels of tasks revealed in this study seem to 

disagree with what Watson and Mason (2006) and other studies (indicated above) claim that, 

examples and tasks that carefully show constrained variation are likely to result in progress and 

that good variations of sets of examples can make certain critical aspects of object of learning 

noticeable by learners and hence enhance learning.   

The results from the findings indicate that tasks on number concepts and operations in all the 

textbooks are used to a great extent by learners as the source of examples and practice exercises. 

The studies conducted by several researchers (e.g., Baroody, 2001; Fuson, 2003; Reuben, 2009) 

found that number concepts and operations are considered as prerequisites for learning of school 

mathematics beyond literacy level. And that learners acquire number concepts and operations 

through different representations such as modeling using objects or number lines, games, drawing, 
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graphs, tables, and others. The aim is to provide learners with a balanced variety of tasks that will 

challenge them and build their understanding. However, the study found that textbooks in upper 

primary classes in Malawi offer low-level examples and low-level cognitively demanding tasks in 

number concepts and operations which limit learners’ performance in mathematics. This means 

that learners are not provided with enough opportunities that could allow them access fully the 

critical features of mathematical content in number concepts and operations; and hence they fail 

to achieve the learning outcomes expected of them by the curriculum. The textbooks should 

provide many opportunities for making connections between learners’ emerging understanding of 

number concepts and operations and the structure of other representations. This finding is in line 

with what (Vincent & Stacey, 2008 and O’Keeffe and O’Donoghue, 2011) found in their studies 

that indicated lower cognitively demanding tasks.  

Number concepts and operations are the foundation of other mathematical concepts in primary 

mathematics in Malawi (Mulera et al., 2017; Malemya, 2018; Kasoka, Jakobsen & Kazima, 2017), 

and the core element constitutes more topics compared to other core elements in all textbooks in 

primary school in Malawi. This implies that number concepts and operations play a significant 

part in the development of mathematics in learners in primary school. Studies in number concepts 

and operations emphasize the importance of good early mathematics experience for children, 

which focus on understanding numbers, developing meanings of operations and computing 

fluently (Fuson, 2003; NCTM, 2009; Reuben, 2009). This understanding of numbers allows 

computational procedures to be learned and recalled with ease. The researchers further explained 

that students learn number concepts through different representations with understanding, actively 

building new knowledge from experience and previous knowledge. The learners move from 

counting, single-digit number operations to the mastery stage where they work with greater 

computation, modeling, representation, interpretation, and problem-solving competence. Fuson 

(2003, p. 71) agrees that, “[t]he understanding of computation and integration of methods and 

practice with both, lead to computational fluency”.  Computational fluency will influence 

conceptual understanding in the learning of mathematics. By aligning factual knowledge and 

procedural proficiency with conceptual knowledge, learners will become more effective. However, 

for learners to be exposed to great computational fluency, the study conducted by Aineamen and 

Naicker (2014) discovered that, the textbook should probe learners for higher mathematical 

reasoning by asking questions that require them to give more explanation and good justifications 
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for their responses in learning of  mathematics. That is, there is a need for variation of examples 

in the textbook, which can help the learners to discern different critical features of the object of 

learning at the same time and this requires including more than one aspect in an example (Marton 

et al., 2004).  The findings in this study is in contrast with what Aineamen and Naicker (2014) 

discovered because most of the examples in all the four mathematics textbooks in the upper 

primary classes in Malawi provide low-level examples in number concepts and operations, with 

one or two patterns of variations of aspects of object of learning that allow learners to notice 

similarities or differences or the combination of both patterns in order to generalize.  

The finding on the examples is also in contrast with the core idea of variation theory which 

emphasizes discernment as the necessary condition for learning (Rullberg et al., 2017). That is, for 

learners to differentiate and focus on critical aspects (or dimensions of variation) of the object of 

learning, they have to experience variations in those aspects for them to learn. Marton (2015) points 

out that variation is the necessary component in the teaching in order for learners to notice what is 

to be learned. Textbooks in upper primary in Malawi give learners few opportunities to grasp the 

mathematics context in case of generalization, contrast, and fusion. Instead, the textbooks provide 

opportunities to notice generalization in most of the examples. Thus, the examples that help 

learners to notice similarities because the examples have the same structure and procedures (for 

example, 864975 – 221563; and 158265 – 47 144). The textbooks use multiple examples of the 

same type in the example space instead of mixed examples which facilitate learning much more. 

Marton and Pang (2013), in support of variation theory, argue against this view of developing new 

meaning from the same experience. Few level 3 examples in the textbooks indicate that learners 

are denied the opportunity to understand the object of learning as a whole and hence fail to 

simultaneously discern the critical aspects and relationships of number concepts and operations.   

The results on worked examples also reveal that textbooks in upper primary in Malawi mostly use 

one worked example per example space and with no explanations. Worked examples are vital since 

they are problems presented with explained solutions and hence, they assist learners to see how 

certain examples are solved and how to direct their attention. In most cases, the worked example 

in the textbooks illustrate only one procedure or algorithm of solving it and there are no 

explanations or instructions to guide the learners on how to carry out the operations. Bills et al. 

(2006) argue that the worked examples become insufficient when they are provided with no further 
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explanations or other conceptual support. They explain that learners fail to use such types of 

worked examples as they see the examples as not applicable to them when solving tasks and 

problems that require a little deviation from the solution presented in worked examples. Therefore, 

it is important to specify in a worked example the steps that were taken and the reasons for taking 

them. This finding seem to agree with the findings of Chi et al. (1989) and Renkl (2002) who on 

their studies emphasize the importance of learners’ self-explanation of the worked-out example, 

and also with the work of Eley and Cameron (1993) who from their results found that learners 

considered an explanation to be better if it included the ‘trigger’ for each step. Worked-out 

examples that encourage explanation and reasoning may enhance learners’ learning, and, in 

particular, their problem-solving performance.   

The MDITx framework, which is guiding this study, regards worked examples as part of the 

examples in the example space and the examples are one of its components that provide 

opportunity for learners to participate in mathematical discourse in instruction. Therefore, the 

finding corresponds with the MDITx framework.  

The findings on the cognitive level of tasks found in the four textbooks indicate that the textbooks 

have few high-level tasks (16 tasks out of 184) on number concepts and operations that provide 

opportunities for learners to engage in doing mathematics (Stein et al., 2009) and in reasoning and 

justifying in a coherent manner (Stylianides, 2009). That is, learners are rarely engaged in 

procedures with connections to concepts and meaning and doing mathematics. The categories of 

most tasks in the textbooks are memorization and procedure without connection to concepts or 

meaning. Learners’ book for standard 8, for example, has the following examples: “1. Find the 

results of dividing the sum of 12.9 and 5.6 by 3.7; 2. Divide the sum of 5.4 and 0.96 by 1.6) (MIE, 

2009, p. 20). This shows that the learners will solve the exercise using routine procedure thereby 

starting with addition and then division following the order of operation. This finding is in line 

with the results that Stols (2013) found in his study of opportunity to learn that was available to 

Grade 12 mathematics learners in Gauteng school in South Africa. The researcher found that the 

lessons provided to learners lacked tasks with higher-order questions and showed that learners 

were rarely engaged in problem-solving activities. Therefore, lack of opportunities for learners to 

work on more demanding activities, resulted in low performance. This study confirmed the idea 

of Webb (2010) that learners need to engage in and do exercises on a range of levels of cognitive 
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demand in order to improve learner performance. The finding of this study also corresponds with 

other studies indicating that there is a predominance of tasks with lower-level cognitive demand 

in textbooks, with very few reflective tasks to make it possible for learners to develop their ability 

in complex reasoning (e.g., Vincent & Stacey, 2008; Dole & Shield, 2008; O’Keeffe & 

O’Donoghue, 2011; Wajiya et al., 2015; Hadar, 2017; Gracin, 2018). This suggests that textbooks 

in primary school in Malawi contain tasks that mainly require lower levels of cognitive demand 

that may not support student learning since learners are rarely asked to struggle with difficult 

situations. Including more reflection tasks is essential because they stimulate mathematical 

thinking and reasoning related to authentic settings.  

The predominance of tasks with lower level cognitive demand in upper primary school classes in 

Malawi can also be seen through the trends of performance levels of grade 6 learners as indicated 

in a policy brief report (World Bank, 2010). The report revealed that most of the learners failed to 

possess skills beyond basic numeracy (level3) in mathematics and few learners in grade 6 had 

skills beyond competence numeracy (level 5) in number concepts and operations. The results 

indicated low performance levels in mathematics as seen in table 7. This report is also in line with 

the finding of this study. However, the low-level achievement was also contributed by other factors 

that were being experienced by the learners at that time such as large classes, unqualified teachers, 

lack of resources and many more.   

Table 7: shows percentage of Students Reaching Mathematics Competency Levels in Malawi  

(SACMEQ II)  

Levels   Competence/skills   2007     2000  

Level 1  Pre-numeracy  8.8%  12.4%  

Level 2  Emergency Numeracy  51.3%  61.9%  

Level 3  Basic numeracy  31.8%  23.5%  

Level 4  Beginning numeracy  6.6%  2. 1%  
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Level 5   Competent numeracy  1.3%  0.2%  

Level 6  Mathematical skills  0.4%  0%  

Level 7  Concrete problem-solving  0.0%  0%  

Level 8  Abstract Problem-solving  0.0%  0%  

 Source: SACMEQ I, II report 2010  

Column 1 indicates the levels, column 2 shows skills, column 3 and four shows years.   

The findings from curriculum materials indicate that textbooks in upper primary in Malawi are 

teacher-centred. There are only the object of learning, worked examples and exercises in the 

learners books. The topics are introduced in the teachers’ guide. The instructions on how the 

learners are going to do the tasks are written in the teachers’ guides instead of the learners’ book. 

The teachers’ guide is provided with several worked-out examples on every example space. The 

worked examples have sufficient explanations and conceptual support, which are essential for their 

interactions with the given task. There are good instructions for every activity that the learners are 

going to do. The activities have some illustrations and different representations. The study found 

that the textbooks limit the learners’ opportunity to use their textbooks effectively as they lack 

important information that could guide them interact with the practice exercise and be able to 

mediate the object of learning. Thus, the textbooks create few opportunities for learners to 

participate in mathematical discourse and deny learners to fully participate in and with the 

examples/tasks made available in the mathematical discourse (Ronda & Adler, 2017). This shows 

that the teacher has autonomy in the learning of the learners and learners are not given autonomy 

to construct their own knowledge in order to learn because the books hinder them to interact with 

multiple worked examples, illustrations, resources and other representations. As a result, the 

knowledge that the learners achieve when using these textbooks is low-level knowledge. The 

MDITx framework that supports this study emphasizes learning that support the acquisition of the 

object of learning through participation in and with the tools made available in the mathematical 

discourse. The finding is similar to what Malemya (2018) noticed in Malawian textbooks when he 

analyzed them. Malemya noticed that the textbooks are well documented and illustrated except for 
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having a greater teacher centered approach which consequently doesn’t prepare learners to be more 

independent to face life challenges on their own.  

To summarize the discussion in these two sections, the content areas in the textbooks cover the 

objectives of the curriculum on number concepts and operations, and with enough content. Thus, 

confirming that one of the affordances of the textbook to the learner’s practice is to enact the 

implemented curriculum (Valverde et al., 2002). However, the study reveals that, the textbooks 

provided (create) limited opportunities for learners to participate in mathematical discourse. The 

textbooks offer low-level thinking examples with one or two patterns of the dimensions of 

variation and low-level cognitively demanding tasks which help the learners to recall and use 

routine procedures. The textbooks offer one worked example in most example spaces and without 

instructions, explanations and illustrated representations which hinder the learners to experience 

fully the affords which are offered in the books. The textbooks are also teacher-centred which is 

in contrary to the learning outcomes of the Malawian curriculum, which emphasizes on learner-

centredness of the textbooks. However, employing the MDITX framework which guided this 

study, the investigator was able to analyze the textbooks in order to find out the opportunities that 

are afforded for learners to access object of learning provided in the textbooks in upper primary 

classes using examples and tasks. 

6.3 Chapter summary  

This chapter has presented and discussed the findings of the study that have revealed how 

textbooks provide opportunities for learning mathematics on number concepts and operations in 

relation to the MDITx framework that advised this study. The findings of this study have led to the 

major conclusion that mathematics textbooks in upper primary classes have few high-level 

examples that could assist learners to discern simultaneous dimensions of variation of more than 

one aspect of the object of learning and connect with similarity and contrast within the example 

set. And also that the textbooks offer few high-level cognitively demanding tasks that provide 

limited opportunities to use multiple concepts and make multiple connections in order to solve 

problems in different ways, representations, pose problems, prove and justify the problem with 

reasoning. This means that the textbooks in upper primary classes in Malawi offer low cognitively 

demanding tasks and hence offer few opportunities for learners to achieve learning outcomes on 
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number concepts and operations. The textbooks also lack multiple representations of concepts and 

procedures. The next and final chapter presents a conclusion of the study.   
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Chapter 7: CONCLUSION  

This chapter presents the conclusion of the study. It starts by looking at the summary of the findings 

that are followed by implications of the study. The other chapter of the study outlines the 

limitations of the study and suggests areas of further research  

7.1 Introduction  

This study aimed at investigating opportunities for learning number concepts and operations that 

are provided in the upper primary curriculum materials in Malawi. In order to investigate the 

opportunity to learn number concepts and operations, the study used the following questions:  What 

opportunities to learn number concepts and operations are provided through the examples and tasks 

in the textbooks? How do the tasks enable enactment of the learning objects that are stated in the 

textbooks? And to what extent do tasks allow learners to apply and connect critical features of the 

mathematical content?  

7.2 Opportunity to learn number concepts and operation as provided through 

examples and tasks  

The study revealed that although mathematics curriculum materials in upper primary classes are 

well documented and they contain enough tasks in number concepts and operations, learners’ 

textbooks show the dominance of low-level examples and low-level cognitive demanding tasks, 

which is due to lack of variations of aspects of critical features of object of learning. The textbooks 

do not provide tasks (examples and exercise) that engage learners and challenge them to reason, 

as well as influence the quality of instruction and provide opportunities for developing 

understanding. Most of the tasks are recall types of tasks that influence use of procedures without 

connections to other concepts or algorithms (tasks require direct application of basic knowledge 

and computation skills). The tasks are tasks without context, as a result they depend on the use of 

symbols or formulas for learners to solve them. And most of the examples in the textbooks do not 

promote high-level mathematical thinking in learners which would help them to engage with 

various thinking patterns simultaneously. From the finding of the study, it can be concluded that 

the textbooks in upper primary classes provide low-level examples and low-level cognitive 

demand tasks. The result also agrees with what Malemya (2019) said in his comparative study of 

textbooks. He noted that textbooks in primary school in Malawi are of low-level cognitive demand 
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that the learners fail even to grasp the most basic concepts in an appropriate grade in time on 

number concepts and operations. And that most of the tasks do not have context or in most cases, 

examples are imaginary.  

From the curriculum materials that are used for teaching and learning in the upper primary classes 

in Malawi, it can be concluded that the textbooks limit the learners the opportunity to use their 

textbooks effectively on their own because they lack important information that could guide them 

interact with the examples and tasks, and be able to discern the critical aspects of object of learning. 

The textbooks encourage learners to depend on the teachers to provide instructions and 

explanations as the learners’ books contain only worked examples and tasks especially grades 5– 

7. Textbook for grade 8 is different from the other classes as it has introductory explanations of 

each topic or section. Rezat, (2009) explain that learners do not use the mathematics textbooks 

when they are instructed by their teachers, but they use textbooks because they are self-directed. 

Learners use mathematics textbooks in order to look for information that can be directly applied 

to solve tasks and problems, acquire mathematical knowledge and for consolidation (using the 

summary at the end of the topic). In particular, learners expect to find useful information related 

to a topic (concept) at the beginning of the lesson in the textbooks. However, this is not applied in 

the learners’ books that are present in Malawian primary schools.  

The finding from worked examples presented in the textbooks indicate that most of the example 

spaces contain only one worked example per example space. As a result, the textbooks do not 

provide good ground for learners to use worked examples when solving exercises as one worked 

example fails to provide opportunity for learners to discern variation across the concepts or 

procedures within the examples. And worked examples lack sufficient instructions and 

explanations of the procedures to be followed.  Learners utilize the worked examples in the 

textbook in order to get assistance with solving tasks and examples thereby following the 

algorithms employed, step-by-step.  It can be concluded that textbooks in upper primary classes 

lack mixed worked examples that are different types, which will facilitate learning and allow 

learners to notice variations in terms of similarities and differences across the examples in the 

block.  



 

103  

  

Enactment of the learning object through tasks.  

The finding on how the tasks enable enactment of the learning objects that are stated in the 

textbooks indicate that the tasks enact the learning outcomes that are provided in each topic of 

every book but lack application tasks that could enable learners to discern multiple concepts and 

make connections. The textbooks lack tasks that consist of drawings, games, presentation and 

modelling, interpretation, argumentation, and reasoning. Therefore, from the finding, it can be 

concluded that the textbooks lack rich tasks that can assist learners to develop a deep level of 

understanding mathematical concepts and ideas that require high level thinking with considerable 

cognitive effort.    

The extent to which tasks allow learners to apply and connect critical features of the 

mathematical content.  

The analysis of the tasks on the extent to which they allow learners to apply and connect features 

of mathematics content revealed that, textbooks in upper primary classes in Malawi provide very 

few tasks that help learners to apply and make connections of multiple concepts of mathematical 

content. Rarely did the author make connections of multiple concepts and ideas in their textbook 

lesson to learners’ everyday life.  Out of one hundred and eighty-four example spaces present in 

all textbooks, only sixteen tasks were coded level 3 tasks (AMC). This indicates that the textbooks 

offer few high-level cognitive demand tasks. It can be concluded then that the textbooks provide 

few opportunities for learners to carry out tasks that involve application of multiple concepts and 

make connections across the examples within the mathematical content in number concepts and 

operations. It can be argued that connecting mathematics to learners’ everyday life helps to make 

learning more meaningful to learners. As they connect their textbook mathematics to real life 

situations, learners’ attitude towards mathematics can change for the better and they may develop 

interest in mathematics because they know that they will need it even after they leave school.  

7.3 Implications for practice  

This study was conducted only on the first core element that forms the foundation for other 

concepts of mathematics, but it raises essential issues related to how textbook lessons can create 

opportunities for learners to participate in mathematical discourse. Textbooks are very important 

as they act as major conveyors of the curricula in mathematics education. Textbooks tie the 
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intended curriculum and the implemented curriculum together (Schmidt et al., 2001). If the 

textbooks fail to implement the intended curriculum, it means that the textbooks are denying 

learners the opportunities to participate in meaningful learning of mathematics. Examples and 

tasks are the core components of the textbook lesson that help the textbooks to implement the 

intended curriculum to the learners thereby providing opportunities for learners to discern 

dimensions of variations of critical features of mathematical content. This implies that textbooks 

should incorporate high-level thinking examples and high-level cognitive demanding tasks in 

learners’ books in upper primary classes in Malawi so as to improve teaching and learning. 

Engaging learners in high-order questions and high cognitive demanding tasks could improve 

learners’ mathematical proficiency and achievement in mathematics.  

It has been established that learners’ books in upper primary classes do not represent mathematical 

concepts or ideas in multiple modes. That is, the textbooks do not have the ability to represent 

mathematical situations in different ways. According to literature review in chapter two, learners 

develop the concept of numbers and operations through different representations (modeling 

mathematics) such as manipulatives, pictures, games, tables, graphs, real-life context, verbal 

symbols, and written symbols. These multiple modes of representations provide opportunities for 

learners to make more meaningful connections of mathematical concepts and ideas when solving 

tasks and problems. This implies the importance of incorporating tasks with presentation and 

modeling, interpretation, argumentation, and reasoning competences in learners’ textbooks to 

enable learners to externalize their understanding of situations in everyday life.   

It has also been established that learners’ textbooks do not have sufficient information that could 

provide opportunity for learners to mediate the mathematics made available in the textbooks with 

deep understanding of mathematical content. The useful information that is required by learners is 

written in the teachers’ guide. This provides limited opportunity for learners to access important 

information that could assist them when solving tasks and problems or acquiring mathematical 

knowledge or for consolidation. Consequently, this promotes dependence on the teachers. The 

author needs to include introductory explanations, definitions, and other relevant information that 

could assist learners to interact with the textbooks independently, at school or at home.   
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7.4 Recommendations   

Based on the findings, it can be recommended that different mathematics tasks presented in the 

textbooks should engage learners in challenging tasks that will help them to reason and develop   

their deeper level of understanding of mathematical concepts and ideas. Learners’ textbooks 

should include more high-level cognitive demanding   tasks (AMC) that will help learners to apply 

multiple concepts and make connections across examples. Moreover, the tasks should be reflective 

so as to stimulate learners’ thinking and reasoning related to authentic settings. Nickson, (2002, p. 

233) argues that, “[i]n order to mathematize, children need to experience mathematics in a context 

other than a purely mathematical one”. In addition, learners’ textbooks should have enough 

introductory explanations on concepts and procedures (should be learner-centred). This will assist 

learners when looking for information that can be directly applied to solve tasks and problems, 

acquire mathematical knowledge and for consolidation (using the summary at the end of the topic). 

Further, development of number concepts and operations should be done through representations 

such as diagrams, games, tables and graphs, presentation and modeling. These multiple modes of 

representations provide opportunities for learners to make more meaningful connections of 

mathematical concepts and ideas when solving tasks and problems. Furthermore, most of the 

application tasks in the textbook are fiction; they depict the author’s thoughts, not real-life 

situations. Since mathematics ideas are abstract, for learners to understand these abstract ideas, 

they need to be demonstrated by applying the concepts to real life situations using problem solving 

skills. Lastly, the textbooks should include more context-based tasks. The learners’ book in 

primary classes in Malawi should provide tasks which are presented within a situation that can 

refer to a real-life setting (relevant and essential context).  

7.5 Implication for further research  

In Malawi, textbooks have a central role in mathematics classes and teachers are the main 

mediators of textbooks to learners for them to use the textbooks in the lesson or at home. 

As a result, there is a need to investigate how teachers use the textbooks during preparation 

of lessons as well as how they use them in the classrooms. Another focus for future study 

could be on finding out the connections between opportunities provided in the textbooks 

and learners achievement. Furthermore, since the textbooks also lack multiple modes of 

representations that help learners to apply and make multiple connections across examples 
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or concepts, there is a need to find out teachers’ perceptions of mathematics and 

understanding of presentations and modeling of tasks. Lastly, the other study can also 

investigate the influence of other curriculum materials such as syllabus, teachers’ guides, 

or teaching/learning resources on learners’ performance.  

7.6 Limitations of this study  

 The findings from this study are only focused on number concepts and operations as the 

basic core element in all textbooks. However, it would be necessary to conduct a further 

study on all the topics of the textbooks in order to get a strong evidence of the opportunities 

provided in upper primary classes. In addition, mastery of number concepts and operations 

is the basis of mastery of number competences and further mathematical systems (Chin & 

Zakaria, 2015). Therefore, it is important to conduct a similar textbook analysis study in 

lower grades so as to establish the extent to which opportunities to learn number concepts 

and operations are provided to the learners.  
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APPENDICES  

  

Appendix 1:  

Table 8: MDI analytic Tool for Textbooks lesson (MDITx) analysis guide (Ronda & Adler, 

2017, p. 1106)  

                Examples                       Tasks  

Examples are coded as follows:   

Level 1: one pattern of variation used; either 

contrast (C) or Generalization (G)  

Level 2: any two patterns of variation used; 

C, G/ C, F and/ G, F     

Level 3: - all patterns of variation used  

Other description  

 Contrast (noticing difference)  

Generalization (noticing similarity)  

Fusion (discerning simultaneous dimensions 

of variation – add previous experience)  

Tasks are coded as follows:  

Level 1 – carry out known procedures or 

known concepts related to the object of 

learning (KPF only)  

Level 2 – carry out procedures involving the 

object of learning (includes CTP)  

Level 3 – carry out level 2 tasks plus tasks 

that involve multiple concepts and 

connections (includes CTP and AMC)   

  

Table 2, describes code for analyzing textbook examples and tasks  

In table 2, column one shows the codes for examples and column two shows coding for the tasks.  

    

  

  


