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Abstract

Many researchers and education stakeholders in South Africa point to the need 

to develop teachers’ mathematical knowledge of the mathematics concepts that 

they teach to their learners. In this research the researchers explore the 

understanding of 60 pre-service primary mathematics teachers on 

multiplication and addition of fractions. Data were generated from the written 

responses to an assessment as well as semi-structured interviews. The written 

responses and interviews were analysed using content analysis.  The purpose 

was to explore the methods used by pre-service primary mathematics teachers 

to solve a given task on multiplication and addition of fraction. Emphasis was 

also based on whether the pre-service primary mathematics teachers were able 

to use different methods to solve the given task. The results showed that 46 

participants were able to solve the task using one method, while 20 of them 

were able to use two different methods. The most common method used was 

based on the part-whole relationship method. Few students identified different 

other methods of solving the task correctly but some of them were unable to use 

any method. These results indicate that these students are not yet ready to 

teach these primary school level concepts even though they have studied 

advanced mathematics topics as part of their pre-service training. The study 

recommends that pre-service primary mathematics teachers should also be 

provided with more structured opportunities to help develop pedagogic 

content knowledge of the primary school level content as part of their teacher 
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training programme as well as possess a deep understanding of different 

interpretations of fractions.

Keywords: Exploratory study, multiplication and addition of fraction, primary 

school pre-service teachers, subject matter knowledge of mathematics

Introduction

This research explores primary school pre-service teachers’ knowledge of 

mathematics for teaching multiplication and addition of fractions in primary 

schools. The research is motivated by South African learners’ poor performance in 

mathematics as evident in the Annual National Assessment findings and the Grade 

12 moderators’ report (Department of Basic Education, 2015). The report suggests 

the need for a trivial examination of the facilitators of teaching and learning of 

mathematics, especially at primary school level. This research will use participants 

responses to a semester examination for graduating students which was followed 

by semi-structured interviews. The course that the students took before the 

semester examination was intended to help deepen their understanding of basic 

numeracy including aspects such as operations on fractions with respect to 

meaning and use of representation. In most developing economies mathematics 

educators, researchers and other stakeholders raise concerns about the quality and 

effectiveness of mathematics learning outcomes. South Africa, for instance, 

teachers who do not have a sufficiently robust knowledge of primary mathematics 

are recruited into the teaching profession because of the large demand for qualified 

teachers (Bowie & Reed, 2016; Deacon 2016; Ndlovu, Amin, & Samuel, 2017). Hence 

many teacher education institutions are struggling to break the cycle of mediocrity, 

where school leavers who were poorly taught as a learner are returned to the 

schools as poorly prepared teachers (Deacon 2016). This research is situated in the 

context of under-prepared primary school pre-service teachers who are struggling 

themselves with the primary level mathematics that they are expected to teach.

However, changes in the mathematics curriculum for South African schools 

brought in a more flexible and connected way of looking at primary level 

mathematics like fraction as the curriculum includes developing the strong 

conceptual understanding that learners must have (Rey, Lindquist, Lambdin, 

Smith, Rogers, Falle, Frids & Benneth 2012). Fractions require much attention 

because they present a hurdle as learners attempt to transfer their understanding of 

whole numbers to a new but related class of numbers (Chinnappan & Forrester 

2014; Siegler Fazio, Bailey & Zhou 2013; Ubah & Bansilal 2018). Children encounter 

fractions and fraction-related concepts both in real-life and classroom situations. A 

sound understanding of what fractions are would help children make sense of a 

multitude of other ideas in their daily life. Regardless of the context in which 

children engage fractions, it is generally agreed that fractions provide teachers with 
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insight into developments in children’s understanding of numbers and relations 

among numbers. These understanding are built on children’s personal experiences, 

intuitions, and formal knowledge gained in the classroom. 

The concept of fraction is an important idea that permeate much of the 

mathematics studied in the general education and training (GET) band in South 

African schools. Many research studies argue that teachers’ understanding of the 

mathematics concepts should go beyond what is taught to their learners, because 

they must respond to demands different from just being able to solve a problem 

(Ndlovu, Amin & Samuel, 2017; Ubah & Bansilal 2018). This demand is associated 

with the pedagogical content knowledge (PCK) of fraction concept, for example, 

primary school teachers need to understand that comparing, representation and 

ordering fractions allows learners to develop a sense of fractions as quantity, as well 

as the size of a fraction, both are necessary prior knowledge components for 

understanding fraction operations (Bruce, Cheng & Flynn 2013). The purpose of 

this research was to explore the methods used by primary school pre-service 

teachers to derive the solution of a task on multiplication and addition of fractions 

using different methods. 

The Concept of Fraction 

Fraction represents part of a whole. When an object is divided into several 

parts, the fraction shows how many of those parts you have. Sometimes the best 

way to learn about fractions is through a picture. The pictures below show how the 

whole of a circle is broken up into different fractions. The first picture from the left 

shows the whole, and the other pictures shows fractions of that whole (see figure 1). 

     1                      1          1          3       

              2          4           4    

Figure 1. Fractions of a whole

Basturk (2016) has identified that the meaning of fraction includes part-whole, 

measurement, division etc. Proper understanding of fractions needs exploring all 

these different meanings. Whole-number knowledge is overgeneralized by 

students. Unfortunately, fractions are generally reduced to only a meaning part-

whole by both textbook writers and teachers. As already mentioned, there are many 

meaning of fractions. Focusing on only one of them is not enough to understand 

fractions completely. Thus, the researchers such as Hackenberg and Lee (2015) and 
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Hansen, Dews, Dudgeon, Lawton and Surtees (2017) argue that students would 

better understand fractions with other meanings; part-whole, division, 

measurement, operator and ratio. 

Part-whole is the most known and used meaning as it involves a whole 

divided into equal parts and we select or take some of them. Sure, this whole can be 

a group of people or a length or pizza. The meaning of division in fraction is rather 

encountered in the situations of sharing. There is equally sharing some quantities 

between some people or things such as sharing 20 pencils with 5 learners. 

Sometimes, fractions are used to identify a length or a measurement piece to 

determine the length of an object. This meaning refers that fraction represent 

measurement of quantities such as length, area, weight or volume which are unable 

to be represented with whole numbers. The meaning of fraction as operator refers to 

enlarge or reduce a certain quantity. Definition of fraction based on operator can 

help to understand the multiplication process of fractions (Hackenberg & Lee, 

2015). The ratio is another meaning of fractions. For instance,  can be the probability 

of an event being two in five. Teaching and learning of fraction is a complex process, 

but the most important factor that can influence learners understanding is the 

teachers’ mathematics knowledge for teaching fraction.

Tobias, Olanoff& Lo, 2012 examined pre-service teachers  mathematical 

content knowledge (MCK); the study revealed that this MCK may be insufficient for 

effective teaching of multiplication and division with fractions. In view of this, Van 

Steenbrugge, Lesage, Valcke, &Desoete (2014) study on preservice teachers’ 

knowledge of fractions revealed that fractions are notoriously difficult for learners 

to learn and for teachers to teach. Whitehead and Walkowiak (2017) examined 

preservice elementary teachers’ change in their understanding of fraction 

operations while taking a mathematics methods course focused on grades 3-5. 

Using a paired t-tests, the findings revealed a statistically significant improvement 

on most items on the assessment and on the total test score. 

In line with this, Olanoff, Lo and Tobias (2014) presents a research summary of 

prospective elementary teachers’ mathematical content knowledge in fractions. 

Across the time frames, the trend in the research has moved from looking almost 

entirely at prospective teachers’ understanding of fraction operations, to a more 

balanced study of both their knowledge by operations and fraction concepts. In 

addition, Ubah and Bansilal (2018) study revealed that many of the pre-service 

teachers coped well with addition and subtraction of common fractions with the 

same denominator. However, more than 52% struggled to carry out these 

operations on common fractions with different denominators, showing that their 

conceptions had not developed into object-level structures. 

Basturk (2016) study showed that most of the student teachers understood the 

introduction to fractions as closely related to this meaning such as dividing a cake 

and pizza into equals parts or shading a region. Chinnappan and Forrester (2014) 
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distinguish between procedural and conceptual knowledge of fractions by pre-

service teachers when examining the impact of an instructional model designed to 

improve the conceptual understanding of fraction concepts and operations. In 

addition, teachers should develop a deep understanding of the different 

interpretations of fractions (Hansel, et al. 2017). Chinnappan and Forrester (2014) 

recommend that pre-service teachers can be supported, within an existing teacher 

education programme, in constructing conceptually and procedurally robust 

content knowledge through the development of appropriate meaning, 

representations of fraction concepts and use of basic operations.

Statement of problem

The review of the literature revealed insufficient and nonconclusive research 

on pre-service teachers’ understanding of multiplication and addition of fractions. 

The reviewed literature indicated that learners at all levels of education have 

difficulties in representation and operations of fraction. Moreover, it has been a 

challenging task for teachers to help their learners understand the connections 

between different representations of fraction in a flexible way. Hence there is a need 

to explore the understanding of primary school pre-service teachers in this area. 

This research provides an exploratory framework that can be used to find out more 

about how the participants of this study solve a task on multiplication and addition 

of fractions.

Research Questions

This research intends to respond to the following research questions:

 1.  What methods do primary school pre-service teachers use to solve a given task 

on multiplication and addition of fractions? 

2. To what extent does the primary school pre-service teachers use different 

methods to solve a given task on multiplication and addition of fractions?

Research Methodology

Research Design

A qualitative research method in general and case study approach were used 

to find out primary school pre-service teachers’ knowledge in solving a task on 

multiplication and addition of fractions. Qualitative research methods permit an in-

depth investigation of single or small number of units at a point (over a period) in 

time (Hsieh & Shannon 2005).

Selecting Participants 

The exploratory researchwas carried out with 60 primary school pre-service 

teachers (purposively sampled) enrolled in foundational course in mathematics 
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1. Using two different methods, simplify  ×  +  ×  Leave your answer 

as a fraction. Calculators may not be used to find answers. Show all your 
workings: 

forming part of their bachelor’s in education (B.Ed.) degree at a South African 

University, because they did not pass mathematics at Grade 12 level. This course 

was intended to help deepen their understanding of basic numeracy including 

aspects such as operations on fractions with respect to meaning and use of 

representation. In this research, five participants were conveniently sampled for the 

semi-structured interview. The purpose is to select information-rich cases whose 

study will illuminate the questions under study (Ratcliff, 2016). 

Data Collection

Data to gauge primary school pre-service teachers’ knowledge of fraction 

permeate from multiplication and addition of fractions was obtained from the 

participants’ responses to a semester examination for graduating students, which 

was followed by semi-structured interviews. The semester examination test items 

on Fraction and its operations was conducted at the end of the semester after 

exposing the participants to concepts on fraction through the semester. However, 

the test items were adopted from the previous question on same course over the 

years, hence should have been validated and its reliability tested before the 

adoption by the author. A written task based on multiplication and addition of 

fractions was designed for 60 primary school pre-service teachers and used for this 

study to probe their knowledge of fraction. The participants written responses were 

analysed and thereafter five primary school pre-service teachers conveniently 

sampled participated in a semi-structured interview. The students were probed 

generally about their knowledge of fractions and more specifically about their 

responses to the written task. 

Data Analysis

Analysis of data entails breaking down the information gathered into 

elements to obtain responses to research questions (Sauro, 2015). In this research, 

the qualitative data from written responses and interviews were analysed using 

content analysis. The interview data were organized to get an overview of what it 

revealed, and test responses were grouped into manageable themes (Ratcliff, 2012). 

For the detail of the task, see Table 1 and Figure 2.

Task. 

Figure 2. Written task
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Expected Responses to the Written task

There are different methods of solving the given task based on multiplication 

and addition of fractions. The pre-service primary mathematics teachers were 

expected to use any two different methods to solve the task. The methods identified 

from the participants written paper are used according to BODMAS rule.

Table 1. Possible Responses

Methods Possible Solution 

For multiplication 
and addition of 
fraction. 

Solve:  ×  +  ×  

Using BODMAS rule (  ×  ) + (  ×  ) 

First: Visual & 
Bowtie Method 

Solve:  ×  +  ×  

First solve  ×  

 

 

 

 

 

 

 

 

 

 

 

 

 each (row) 

 

The thick shaded green part is the point of intersection 
(numerator) while the total squares of ‘6’ is the 
denominator. 

Hence,  

 ×  =  ……….. (i) 
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Then ×  =? 

 

 

 

 

 

 

 

 

 

 

 

each square (row) 

The thick shaded green part is the point of intersection (numerator) 
while the total squares is the denominator (10 squares) 

Hence,  

 ×  =  ……….. (ii) 

 

Adding (i) and (ii) together we have:  

 

 +  = ? 

Adding any of the equations (i) and (ii) we have;  

+  

 

          =    =   =  

Simplifying we have   =  
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Second: Fraction 
chart & Bowtie 
method 

Solve:  ×  +  ×  

First solve  ×  

 

 

 

  

 

 

  

 

You divide a square into three parts (row) and shade two parts out of 

the three (light blue). Further, divide the three parts into two (light 

green) i.e. half of  to get the dark shaded part (dark green). The part 

shaded dark green forms the numerator (2 ) while the total number of 
squares is the denominator (6).  

That is  ×  =  ……………………… (i)  

 

Then ×  =? 

 

     

 

 

    

 

 
You divide a square into five parts (row) and shade one part out of the 
five (light blue). Further, divide the five parts into two (light green) 

i.e. half of  to get the dark shaded part (dark green). The part shaded 

dark green forms the numerator (1) wh ile the total number of squares 
is the denominator (10). 
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That is  ×  =  ……………………… (ii)  

Third: Part -whole 
method 
(Traditional 
method) 

Solve:  ×  +  ×  

First solve  ×  =? 

 ×  =  =  ……………………...(i)  

Next  ×  =  =  ………………(ii)  

Adding any of the equations (i) and (ii) we have;  

+  
 

          =    =   =  
 

Simplifying we have   =  OR   

Adding any of the equations (i) and (ii) we have; +  =  

Find the L. C. M of the denominators is 6  = 60 then that 
becomes the new denominator;  

 

=  =    =   
 

By simplification   =   =  
 

 

Adding (i) and (ii) together we have:

 

 +  = ?  

Adding any of the equations (i) and (ii) we have;

+  

 

          =    = = 

Simplifying we have   = 
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Research Findings

Overall summary of the results of the written responses

There were three different methods identified from the participants written 

scripts that they used to solve the given task on multiplication and addition of 

fractions as explained in Table 2 and are referred to as the Visual and Bowtie 

method (VB), the Fraction chart and Bowtie method (FB) and Traditional method 

(TM). The researcher looked at the different methods chosen by the participants and 

whether the solution they obtained was correct, at least one correct step or no 

correct response, for each of the methods they chose. Table 2 presents the results for 

all these categories:

Table 2. Results based on methods for solving a task on multiplication and addition 

of fractions

As indicated in table 2, 42 of the participants worked out the task correctly 

using part-whole method, representing 70% of the group, 8(13%) that used part-

whole method had only one step correct (multiplication or addition) but incorrect 

final answer while 2(3%) of the participant had wrong step and answer using same 

part-whole method.  Out the 60 participants, 4(7%) used visual and bowie method 

to work out the given task correctly while 2(3%) of the participants worked out the 

Summary of  responses    

Description of 
methods 

Frequency and 
percentage of 
Correct 
response 

Number and 
percentage 
Showing at least 
one correct step 
(multiplication 

of addition of 
fraction) but 
incorrect final 
answer 

Frequency and 
percentage of 
no correct 
response  

Frequency 
and 
percentage 
of no 
response  

Visual & 
Bowtie method  

4(7%) - -  56(93%)  

Fraction chart & 
Bowtie method 

2(3%) - -  58(97%)  

Part-whole 
method 
(Traditional 
method) 

42(70%) 8(13%)  2(3%)  8(13%)  
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task correctly using fraction chart and bowtie method. It is important to note that 

the participants that used visual & bowtie and fraction chart & bowtie used the 

method correctly without any error. More than half (80%) of the participants were 

able to use at least one method to solve for multiplication and addition of fraction. 

However, this number dropped by more than half to 14(23%) when it came to use 

two different methods to solve the problem correctly (See table 3).

Table 3. Results based on two methods of solving the fraction task

As seen in Table 3, 8(13%) out of the 60 participants that identified the 

visual/bowtie method and part-whole method and used them correctly to solve for 

the given task on fraction. 6(10%) out the 60 participants identified the use of 

fraction chart /bowtie method and part-whole method and used them correctly to 

solve the task on multiplication and addition of fraction. An indication that fewer 

participants 14(23%) of the participants could use varied methods to find the 

solution to the task on multiplication and addition of fractions.

Analysis of individual written responses to the task and corresponding interview

When one of the participants (Lindo) was probed during the interview about 

his performance in the written task, he replied that he “was blank” but attempted 

the given task and the solution is wrong. See figure 3 for Lindo's written response.

Summary of  responses   

Description of 
methods 

Correct response Shows at least one 
correct step 
(multiplication of 
addition of fraction) but 
incorrect final answer  

No correct 
response  

Visual & Bowtie 
method /Part -whole 
method 

8(13%) -  -  

Fraction chart & 
Bowtie method/ 
part-whole method 

6(10%) -  -  
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Figure 3. No correct written response of Lindo

Lindo's approach is an example of no correct response to the given task. He 

started by finding the LCD in multiplication of fractions is an evidence of poor 

knowledge of basic fraction operations. After finding the LCD, Lindo applied a 

'cross- multiplication' on the two fractions and added the results to get the 
 7 7numerator. Then, in the addition of /   +  / . Lindo started first by identifying the 6 10

denominator of the sum as 60, then 'cross adding' each fraction, and adding the 

result to get the numerator.Another participant (Thobibe), written response is an 

example of one correct step but incorrect final answer (see figure 4). that had a 

dialogue between the researcher (R) and himself appears in Box 1. 

Figure 4. Written response of Thobibe

Thobibe used correct traditional method (part-whole) of multiplication but 

could not use appropriate method to add the two fractions, hence an incorrect final 
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answer to the task. Here is the dialogue between researcher (R) and Thobibe (T) 

appearing in Box 1.

Box 1. Extracts of interview with Thobibe

However, the written response of Khan shown on figure 5 is another one 

correct step and incorrect final answer using part-whole method (traditional 

method). See figure 5.

Line 1 . R: About the written task, that is, ½  + ½  is ? How did you 

get it?  

Line 2 . T: mmmmm, I think with BODMAS rule am going to start with 
multiplications first  

     Step 1:  =  

     Step 2:  =  

     Step 3:  +  =  that is the answer  

Line 3. R: How did you get  =  ?  

Line 4. T: The first fraction will multiply the second fraction. There is no 
lowest common denominator because it not addition.  

Line 5. R: Tell me the process you followed to get your answer in step 1?

Line 6. T: I multiplied the numerator of the first fraction to the numerator of 

the second fraction to get 2, then the denominat or of the first fraction to the 

denominator of the second fraction to get 6, hence I have . I followed the 

same process in step 2.  

Line 7. R: What of the third step?  

Line 8. T: Step 3 has to do with addition; I followed the same process but 
used addition because am asked to add the two fractions.  

Line 9. R: So, in addition and multiplication you work on the numerators and 
denominators separately using the given operation?  

Line 10. T: Yes ma that is the rule.   
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Figure 5. Khan no correct response to the written task

From Khan written response, the process of multiplying the two different 

fractions were wrong (cross multiplication). The participants assume the sign of 

multiplication to be cross multiplication; where he multiplied the numerator of the 

first fraction to the denominator of the second fraction to produce wrong answer. In 

the case of addition; he applied Bowtie method correctly but derive an incorrect 

final answer to the task because of the wrong multiplication process done. An 

interview with Khan provides much insight into her reasoning about multiplication 

and addition of fractions with different denominators. See interview extract 

between Khan (K) and the researcher (R) in Box 2.

In the following extract, R stands for the researcher and K stands for Khan:

Line 1. R: what do you remember about fractions?  

Line 2. K: fraction is basically about knowledge of division of an object. For 
example, we are five in a room, and we have one orange we need to share, so we 
cut it in pieces so that it will accommodate all of us.  

Line 3. R: Must the cutting be equal? 

Line 4. K: Not exactly, it depends on choice as there are different types of fraction.  

Line 5. R: Alright: Can you mention the different types of fraction we have?  

Line 6. K: The mixed, the common, the improper.  

Line 7. R: Which one is the mixed? 
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Box 2. Interview with Khan 

Khan's understanding of fraction itself seems to contain many contradictory 

ideas. She sees a fraction arising from a whole that is divided into parts (cutting out 

an orange into five parts), which may not necessarily be equal in size (Box 2, Line 2). 

The size depends on a person's choice because the different kinds of factions 

 

Line 8. K: Examples of mixed fraction are 2 ½, 27 ¼, 10  and others.  

Line 9. R: About the written task, that is, ½  + ½  is ? How did you get the 

answer? 

Line 2. K: using BODMAS rule am going to start with multiplications first  

     Step 1:  =  

     
Step 2: 

 
= 

 

     
Step 3: 

 
+ 
 

= 
 

that is the answer.
 

Line 3. R: How did you get 
 
= 

 
?
 

Line 4. K: This sign in between the two fractions shows cross multipl ication. 
Because of that, I will first multiply 1 to 3 to get 3 and 2 multiply by 2 to get 4; 

then I have fraction 
 

. The same to the second two fractions.
 

Line 5. R: You mean your process of multiplication is; numerator of the first 
fraction multiplied by the denominator of the second fraction and vice versa?

 
Line 6: K: Yes ma’m.

 Line 7: R: Alright; in the case of addition of two fractions what do you do?

 Line 8. K: For addition of two fractions, you must find the lowest common 

denominator 

 

+ 

   

is 4 

 

2 = 8 i.e. the LCD is 8. Then I will also multiply the 

numerator of the first fraction to the denominator of the second fraction, then 
multiply the denominator of the first fraction to the numerator of the second 
fraction and finally add up the

 

two answers to get the new numerator because I 
am asked to add.

 Line 9. R: So, in addition and multiplication you multiply the numerators and 
denominators together using the given operation? 

 

Line 31.

 

R: Suppose you are given 

 

how will you solve it to get the answer?

 Line 32.

 

K: It is now complicated but let me try. “a’ multiply by ‘d’ = ‘ad’; then 

‘b’ multiplies by ‘c’ = ‘bc’. The answer will be 

 

.  

 

Line 10 . K: Yes ma.
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depend on whether you have equal parts or not. Further insight about different kinds 

of fractions is provided by her categories of mixed, common and improper, 

suggesting that these are different types (Line 6). Smith in carrying out his operations 

on fractions clearly views the fraction as two whole numbers separated by a line.

Another type of one correct step but incorrect final answer is shown by 

Shabalala; involved adding the same whole number to the numerator and the 

denominator. There is a mutation of the rules used to create equivalent fractions by 

multiplying a fraction by a factor and dividing it by the same factor. However, in this 

case the student added the number to the numerator and denominators (See figure 6).

Figure 6. Shabalala written response

Shabalala attempts to create equivalent fractions by adding the same number 

to the numerator and the denominator. In Shabalala's written response, the first 

step of multiplication of fraction followed the correct procedure but in next step 

which was addition of fraction, Shabalala, in an attempt to make the denominators 

of the two fractions equal, used his own rule for equivalence by adding the same 

number (4) to the numerator, and denominator of the first fraction in an attempt to 

create a fraction with the same denominator (10) as the second fraction. His third 

step is the correct procedure of adding up fractions was used to find the supposed 

answer. He also displayed poor knowledge of fraction operations by adding 4 to the 

numerator and denominator to get a fraction with denominator of 10.  An interview 

with Shabalala provides much insight into her reasoning about multiplication and 

addition of fractions with different denominators. When asked during the 

interview, why he could not engage constructively on the question, Shabalala said 

he did not know such question will be asked and has forgotten the process of using 

the different methods to solve a task on multiplication and addition of fractions.It is 

hard to imagine how this concept will be taught in his learners, if he does not receive 

any further instruction on the teaching of the concept. 
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Figure 7. Zanele incorrect written response

Zanele's response in Figure 7, follows the order of multiplication before 

addition according to the BODMAS rule. She has attempted to carry out 

multiplication of fractions in the first step, on two pairs of fractions, using the 
2incorrect method consistently. For example, in the product ½ × / , she took the LCD 3

of the two fractions (6) as the denominator. She then 'cross multiplied' and added 

the results ((1×3) + (2×2)) to generate the numerator. This method was applied 

consistently for both sets of fractions being multiplied in the first step. Having 

generated a fraction as an answer to each product she then proceeded to add the two 

fractions correctly. Zanele interview extract is shown in Box 3. 

Box 3: Extracts of the interview with Zanele on Multiplication of fractions

Line 1 .R: You solved  to get , and ½  =  . Explain how you derive the 

answers?  

 Line 2. Z : First, I derived the LCD of each set of fractions by multiplying the two 
denominators in each case. Using the multiplication sign, I multiplied across and multiplied 
the answers together to get the numerator. The same is applied to the second set of 

fractions. After that, I added up the answers I got from multiplication.  [ While explaining, 
Zanele demonstrated with her pen the movement from the numerator oft the first fraction to 
the denominator of the second in the opposite direction]  

Line 3 .R: Suppose t hat a learner expresses the rule multiplication of fractions like this:  

 = ; Is the learners response correct and if not identify the error?  

Line 4. Z: The response is not correct. The learner was using the     

addition rule but the correct response should be (a  (c  b)   (b  
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Zanele's follow up explanation (line 4, Box4) above shows how deeply 

ingrained the 'cross multiplication' technique is in her schema. She has been able to 

use a general algebraic form to explain how the rule is applied.  Her response also 

alludes to an “addition rule” which involves an application of the 'cross 

multiplication' rule in adding and subtracting fractions. In view of the findings, it is 

hard to imagine how this fraction concept will be taught in the classroom, if these 

pre-service primary mathematics teachers do not receive any further instruction on 

the teaching of the fraction concept before starting their teaching profession. 

However, there were some differences observed between male and female 

participants, the issue of gender is beyond the scope of this research. 

Discussion

The research showed that most common method chosen by the participants, in 

solving the task on multiplication and addition of fraction was the traditional 

method (par-whole method).  This method required the use of BODMAS rule to 

multiply the two sets of fractions first; this is done by multiplying the numerators 

together and the denominators together to get an answer. Afterwards, the two 

answers derived from multiplication will be added either using lowest common 

denominator process or conversion of the fractions to equivalence fraction. This 

confirms the findings of Basturk (2016) who observed that when saying fractions, 

first thing which comes in the student teachers' mind is the meaning “part-whole” 

of fractions. However, it is a little different to the finding of Simon (2018) where 

prospective teachers have limited part-whole concept knowledge of fraction. 

Similarly, in this research, pre-service primary mathematics teachers 

struggled with identification and use of other methods to solve the given. This 

finding agrees with (Siegler et al. 2013) study that revealed that the key construct 

that supports the learning of fractions is the part-whole relationship. The study by 

Charalambous and Pitta-Pantai (2005) observe that the method of teaching fractions 

as part of a whole was necessary but that it was not appropriate to use this as the 

only way to teach fractions.  In view of this, the researcher suggest that teachers 

should develop a deep understanding of the different interpretations of fractions. 

However, Tall, Lima, & Healy, (2014) observed that when learners have gaps in 

knowledge and skills that should have been developed earlier on, conceptual 

development of more complicated concepts is severely retarded. 

The findings of this research revealed that 80% of the participants were able to 

correctly work out the given task on fraction using one method. In terms of using 

two different methods, only 23% successfully applied two different methods to 

solve same given task on multiplication and addition of fraction. This raises an 

important issue about the kind of knowledge that teachers need. Shulman seminal 

description of pedagogic content knowledge (PCK) described this submission as; 

subject matter knowledge for teaching and the ways of representing the subject to 
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make it comprehensible to others. PCK includes an understanding of what makes 

the learning of specific topics easy or difficult and the conceptions or 

preconceptions that students of different levels bring with them to the learning 

environment (Shulman, 1986). Being able to produce the correct answers to 

questions based on school level content is just one small part of a mathematics 

teacher's task. Beyond that, teachers should be able to decide upon sequence of 

activities to introduce learners to new concepts; to link new content to big ideas in 

mathematics, to provide clear and unambiguous explanations; to design practice 

exercises and other consolidation activities as part of the teaching. Moreover, 

teachers should be able to draw upon links between examples focusing on 

examples, counter examples, while also bringing in and making links across 

different representations to deepen their learners understanding of the concept. As 

research on teachers' pedagogic content knowledge indicates, there is much more 

than just knowing the common content knowledge (Shulman, 1986; Ball, Thames, & 

Phelps, 2008). Teachers, who struggle to solve problems based on basic applications 

of well-known procedures, will be severely hampered in trying to teach their 

learners. They will not be able to recognise the demands of assessment items and 

will not be able to design well-structured assessments; neither will they be able to 

provide appropriate feedback to their learners, because PCK skills are constructed 

on the foundation of their content knowledge. Thus, the teachers' limited 

understanding is an impediment to the pedagogic content strategies that they will 

be able to draw upon in the class.

However, this research showed that some pre-service teachers did not 

develop the insight that was necessary to make connections between definition, 

representations and basic operations of fraction. The conditions under which the 

pre-service primary mathematics teachers learnt fractions may be a factor that has 

made it difficult for them to acquire the necessary skills. Perhaps learning 

opportunities that are more conceptually grounded instead of the rule-based 

method may be more successful and hence programs for pre-service primary 

mathematics teachers may need to offer such opportunities to pre-service 

mathematics teachers with poor mathematics backgrounds.

Moreover, this research has provided significant insights to the existing 

literature by identifying and analysing the pre-service primary mathematics 

teachers' knowledge of multiplication and addition of fraction. It is important that 

teachers should develop a deep understanding of different interpretations of 

fractions (Hansel, et al. 2017). The in-depth interviews provided evidence of how 

pre-service teachers struggled with making sense of the parameters used in the 

various forms that fraction can be represented. The results point to the need for pre-

service primary mathematics teachers to be given challenging tasks which can help 

them interrogate their understanding of these fundamental concepts that they will 

be teaching in future. This is in line with Chinnappan and Forrester (2014) identified 
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that pre-service teachers can be supported, within an existing teacher education 

programme, in constructing conceptually and procedurally robust content 

knowledge through the development of appropriate meaning, representations of 

fraction concepts and basic operations.

Conclusion and Recommendations

This research focused on the written responses of 60 pre-service primary 

mathematics teachers to an item based on multiplication and addition of fraction. 

The results showed that although 46 participants were able to solve correctly the 

given task using one method, most participants were unable to use two different 

methods to solve the task on multiplication and addition of fraction. The most 

common method chosen by students was the one based on the traditional method 

(part-whole method). Some students that identified the visual, fraction chart and 

use off number line where able to use them correctly to solve the given task. Some of 

the participants of he research were unable to even solve the task using any method.

However, many the pre-service teachers in this study struggled with solving the 

given task using two methods. These results show that the pre-service teachers 

have not developed a robust understanding of this primary school level concept 

that they will be required to teach. This is an urgent problem that needs to be 

addressed especially because of the large numbers of under-prepared students who 

are training to become primary school mathematics teachers even though they were 

not high achievers at school mathematics. It is important that stakeholders need to 

work together in devising interventions that can be used to offer greater support to 

those pre-service primary mathematics teachers and on the job teachers who do not 

have a strong background in primary school mathematics. 

As noted in the introductory remarks in this paper, that in some countries such 

as South Africa, students who do not have a sufficiently robust knowledge of basic 

mathematics are recruited into the teaching profession because of the large demand 

for qualified teachers. This raises a concern about whether it is possible for 

mathematics teacher education programmes to help pre-service primary teachers 

improve their understanding of the primary school level concepts they will need to 

teach.  Most university programmes focus on developing knowledge of advanced 

mathematics because of the need for compliance with university accreditation 

structures. The assumption is that pre-service teachers have developed an 

understanding of the school mathematics content they need and hence this cannot 

form the focus of instruction at university. Based on this reality, it is important that 

pre-service primary mathematics teachers be given opportunities to improve on 

their knowledge of basic primary mathematics concepts in supportive of a well-

structured intervention program. Moreover, newly qualified primary school 

teachers still need sustained support and mentorship at their schools so that their 

mathematics knowledge for teaching can be improved and sustained.
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