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Abstract

Background: Many teachers for different reasons recognise the teaching of fraction as a challenge. This research explored the teaching of fraction in Grade 5 by three experienced teachers (Ben, Greg and Will) in KwaZulu-Natal province, South Africa.

Aim: The purpose of this study was to investigate the impact of different approaches to the teaching of Grade 5 fraction by three experienced teachers.

Method: Three teachers and 177 learners were purposively sampled for this study. Classroom observations, interview and fraction achievement test (FAT) were instruments used for data collection. Hence, this study employed a mixed method, where both quantitative and qualitative data sets were collected at the same time, and the data were analysed at the same time in order to discuss the findings.

Results: The quantitative data were analysed using descriptive statistics and analysis of covariance (ANCOVA), whilst the qualitative data were analysed in themes. The results showed that learners of teacher Ben performed significantly better than those of teachers Will and Greg. The findings revealed that a combination of good practices and appropriate use of multiple representations by teacher Ben improved his learners’ achievement in addition of fraction more than other learners taught by the other two teachers.

Conclusion: The study recommends that mathematics teachers should endeavour to facilitate learners’ conceptual knowledge of fraction by using appropriate teaching approach in their instruction, namely, learner-centred approach, activity-based learning, use of mother tongue for clarity and use of multiple representations. This recommendation will improve learners’ knowledge and conceptual understanding of fraction and algebra in its entity.
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Introduction

Fraction often represents the first hurdle experienced by primary school learners when learning mathematics because it is one of their first experiences with a math concept beyond the basic skills of addition, subtraction, multiplication and division (Chinnappan 2006). It is important that learners feel comfortable and confident in their understanding of fraction because the concept forms a building block for other mathematical skills, such as algebra. Researchers argue that children generally perform badly in algebra questions involving fraction and that knowledge of fraction is crucial for success in algebra (Booth, Newton & Twiss-Garrity 2014). Norton and Boyce (2013) and Siegler, Thompson and Schneider (2011) argued that fraction is very difficult to teach, most cognitively challenging and most essential for advanced mathematics.

The rationale for this study emerged from the personal experiences of the author who observed during her teaching practice supervision that many primary school pre-service teachers teach fraction in terms of rules and isolated procedures. The author was concerned that the pre-service teachers’ teaching approach did not emphasise making connections between multiple representations, and they did not use appropriate diagrams whilst trying to teach learners about how to solve a given problem on fraction; they instead paid attention to the final solution in symbolic form. The author was curious about whether experienced teachers teach fraction in a similar manner or whether they were able to devise teaching approaches that enable learners to gain a thorough conceptual understanding of fraction. Hence, in this study, the author set out to explore the impact of different approaches in the teaching of Grade 5 fraction by three experienced teachers.

Research questions

The research questions explored in this study were:


	How did the Grade 5 experienced mathematics teachers’ teach addition of fraction?

	Was there any difference in the learners’ mean achievement scores on tasks based on addition of fraction?



Literature review

According to Chinnappan and Forrester (2014), fraction requires a great deal of attention because it presents a hurdle as learners attempt to transfer their understanding of whole numbers to a new but related class of numbers. A key construct that underpins the learning of fraction is the part–whole relationship. Kieren (1976) was the first to propose that the notion of part–whole relationship should be considered as the focus for developing understanding of the four subordinate constructs of fraction: ratio, operator, quotient and measure. The ratio sub-construct promotes the concept of equivalence and the process of solving for equivalent fraction. The sub-construct quotient promotes the understanding of subtraction and division of fraction. The sub-constructs operator and measure are useful for the development of the understanding of multiplication and addition of fraction, respectively. Lastly, understanding of ratio, operator, quotient, measure and part–whole relationship of fraction is considered a prerequisite for solving problems on equivalence, addition, subtraction, multiplication and division of fraction.

Fuchs et al. (2013) argued that the part–whole and the measurement conceptual interpretation of fraction are important milestones in the early developmental knowledge of fraction. The part–whole relationship can also be expressed as the relationship between a subset of a group of objects and the group itself. In this part–whole interpretation, the fraction is seen as a set which is subdivided into equal-sized parts (Fuchs et al. 2013). Charalambous and Pitta-Pantazo (2005) recommended that the relationship between the part–whole interpretation and the additive operations of fraction should be emphasised during instruction, in order to promote the process of learning addition of fraction. Furthermore, Charalambous and Pitta-Pantazo (2005) observed that the part–whole interpretation of fraction should be considered as essential for developing learners’ understanding of fraction. Barton (2008) suggested that the teaching of the different operations of fraction should be directly linked to specific interpretation of fraction.

The measurement interpretation of fraction, which is often neglected, is an important one because of its links to cardinal size (Hecht, Close & Santisi 2003). A strong understanding of a fraction as a measure, such as a length on a number line, is crucial also for learners’ future mathematics achievement (Boyce & Norton 2016; Siegler et al. 2011). The measurement interpretation may help learners to develop a stronger understanding of the magnitude of fraction, an area which is identified as a weak link in the development of fraction schema of many learners (Siegler et al. 2011; Ubah & Bansilal 2018). Although the measurement interpretation is not as instinctive as the part–whole understanding, it can help learners make sense of number properties, such as the density of rational numbers and connections between representations (National Council of Teachers of Mathematics 2014; Siegler et al. 2011).

Recent research has pointed to the importance of drawing upon and making connections between representations when teaching fraction (Cramer, Post & delMass 2002; Cramer & Wyberg 2009; NCTM 2000, 2014). The NCTM (2014) defines mathematical connections in Principles and Standards for School Mathematics as the mathematical ideas that interconnect and build on one another to produce a coherent whole. Representations enable learners to make connections between their own experience and mathematical concepts and, therefore, gain insight into these abstract mathematical ideas (An, Kulm & Wu 2004; Duval 2006; Flevares & Perry 2001). In recognising the benefits of using visual representations, the possible difficulties involved in using these in the classroom must also be acknowledged. For instance, the circle model can be problematic for learners when representing a fraction with an odd denominator, such as two-third (Wu 2014).

According to Odili (2006), some teachers teach only rules and procedures for manipulating mathematical idea, and sometimes when visual aids such as concrete representations are used, they are used wrongly. Muraka’s study (2008) observed that the consistent and coherent use of one type of representation can bridge student understanding over time because of its focus on mathematical relationships and problem-solving processes. Many researchers argue that the use of representations can be more effective and when concrete and semi-concrete aids are used in teaching and learning of mathematics, the conceptual understanding is improved (Azuka 2009; Barmby et al. 2014; Naidoo 2011). Representations commonly used in the early years of schooling include concrete materials, diagrams or pictures, symbols, spoken language and experiences and are used to present mathematical idea with the aim of making it accessible to learners (Green & Hall 1997). If particular representations are to be used in the classroom, then teachers need to support learners in learning to interpret representations (Flevares & Perry 2001), through providing effective experiences to support learners’ progression onto using these different representation.

The NCTM (2014) advises that effective teaching of mathematics engages learners in making connections amongst mathematical representations to deepen understanding of mathematical concepts. Tripathi, Mehrotra and Dutta (2008:439) emphasised that connections between and within representations are like examining the concept through a variety of lenses, with each lens providing a different perspective that makes the concept richer and deeper. During classroom instructions, teachers are constantly interacting, giving instructions and directing the learners through speech. Vygosky (1978) cited in Vanderburg (2006) posited that language is the heart of all instructions whether oral or written language. It is necessary for teachers to use a language that every learner understands because if language of instruction is not learner-friendly, then communication becomes a problem.

Interestingly, some learners feel that it is easier to understand mathematics when taught through their home language (Van Laren & Goba 2013). Essien (2018) observed that various mathematics education researches on the role of language point to the intricate link between language competence and mathematics performance. Learners whose first language is the same as the language of instruction are familiar with the linguistic structure they encounter in mathematics instructions (Barwell 2009). In some instances, learning mathematics through one’s home language can be perceived negatively by the society, resulting in derogatory names being given to the group taught in their home language and poor general performance (Odili 2006). Research has shown that South African schools preferred English and not learners’ home language as a language of instruction in mathematics classroom (Setati 2008).

However, Van Laren and Goba (2013) suggested that whilst teaching mathematics to second language learners, teachers should introduce two languages simultaneously for clarity of the mathematical terms and concepts. Setati, Chitera and Essien’s (2009) systematic review revealed that research on the role of language in primary school level was insignificant compared with the role of language in mathematics at other levels of education. Language challenge reduces the learners’ confidence level to speak up in the classroom and as a result their doubts do not get clarified, which affects their academic performance. In view of these, the challenges that learners experienced in developing deep understanding of fraction are either because of the nature of fraction or the instructional approaches employed to teach fraction (Barton 2008; Behr et al. 1993).

Theoretical framework

The constructivist theory

Bruner is one of the founding fathers of constructivist theory (Nnachi 2009). The constructivist theory is basically a theory based on observation and scientific study about how people learn (Nnachi 2009). The central idea of constructivism is that human learning is constructed in such a way that learners build new knowledge upon the foundation of previous learning. Various teaching approaches were derived from constructivist theory, which suggests that learning is accomplished best by using a hands-on approach. Constructivist theory is based on the fundamental assumption that a learner actively seeks new information and is actively engaged in the process in the way he or she gains, assimilates and utilises knowledge. According to Stoblein (2009), vital constructivist learning principles include the following: (1) learning is an active process: a student needs an input of ‘doing’, and is engaged with the world, from which the learner constructs a meaning and systems of meaning. (2) Learning is engaging: teachers need to provide activities that engage the mind and the hands. (3) Learning occurs contextually: learning experiences are interwoven with life experiences. (4) Learning builds on previous knowledge: teachers’ efforts must be connected to the state of the learner and provide a path into the subject based on his or her previous experience. (5) Learning takes time: students need to revisit ideas, ponder them, try them out, play with them and use them. (6) Learning is a social activity: learning experiences are connected with each other’s minds (e.g. teachers and peers).

Social constructivism strongly influenced by Vygosky’s (1978) work suggested that knowledge is first constructed in a social context and is then taken up by individuals (Eggen & Kauchak 2004). Vygotsky asserted that in social constructivism interactions, teachers help the learner to get to his or her own understanding of the content learning in an active manner. According to Zaretskii (2009), the teacher is the mediator in the learning process and is responsible for creating a conducive classroom environment to ensure that all learners are active participants in the learning process. In addition, Klob (1984) argued that concrete experience should be included as part of the learning process and requires learners to test their knowledge by acting upon the environment, thereby giving reliable and trustworthy knowledge. This study explored the impact of different approaches to the teaching of Grade 5 fraction by three experienced teachers.

Methodology

Research design

This study used a mixed-methods approach (Creswell 2011), where both qualitative and quantitative data sets were collected at the same time, and the data were analysed at the same time in order to discuss the findings. 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). A qualitative research method, through interview and observational tools, was used to observe the approaches used by three experienced teachers (each from a different school) in teaching addition of fraction in three schools and to investigate whether any of the teaching approaches was more successful than the others. However, the quantitative component of the study used a quasi-experimental design, which specifically uses non-equivalent control group designs in which pre-test and post-tests were carried out. The author adopted a quasi-experimental design because it was not logistically feasible or ethical to conduct a randomised controlled trial; rather, intact classes were used. According to Harris et al. (2006), this design will demonstrate causality between the treatment and the outcome.

Selecting participants

Three primary school teachers, with their learners totalling 177 Grade 5 learners, took part in this study. Purposive sampling was used to select teacher participants who were experienced mathematics teachers well informed about the topic of interest. The purpose of using purposive sampling is to select information-rich cases whose study will illuminate the questions under study (Ratcliff 2012).

Data collection

Qualitative data to describe the teaching approaches used by three experienced teachers in teaching addition of fraction to Grade 5 learners were obtained by conducting individual semi-structured interviews and lesson observation. Each teacher presented two lessons on addition of fraction, which the author validated to check their suitability for the study. The author spent two successive days (day 1 and day 2) in each school, watching two lessons on addition of fraction. The interviews were conducted on the second day after the second lesson and were conducted during break for 40 min. The semi-structured interview questions were used to gain a clearer understanding of these teachers’ teaching approaches in teaching addition of fraction and of their profile and experiences.

The quantitative data obtained from achievement test items (see Appendix 1) of primary school learners measured using fraction achievement test (FAT), was developed by the author. The FAT consists of 40 items based on addition of fraction drawn from the Curriculum Assessment and Policy Statements (CAPS) for intermediate phase school learners (DoE 2012). The pre-FAT was administered to the learners before the actual classroom instruction and the post-FAT test items were administered to the same learners after the treatment. The author assumed that the test items must have undergone validity and reliability test but for confirmation, the test items were validated by two postdoctoral research fellows that checked the relevance, suitability and clarity of the test items for the study.

Data analysis

Analysis of data entails breaking down the information gathered into elements to obtain responses to research questions (Sauro 2015). In this study, the qualitative data from semi-structured interviews and classroom observations were analysed using thematic analysis. The interview data were organised to get an overview of what it revealed, and classroom observations were grouped into manageable themes (Ratcliff 2012). The learners’ written responses FAT were analysed using descriptive and inferential statistics (analysis of covariance [ANCOVA]).

Ethical consideration

Approval to conduct the study was obtained from the teachers who happen to be my students before lesson observation and interview. Learners and their parents were asked to give consent to having their scripts analysed. To protect the identities of the teachers, pseudonyms ‘Ben’, ‘Will’ and ‘Greg’ were used.

Research findings

This section is organised according to the two research questions, which cover the qualitative and quantitative aspects of the study.


Research Question 1: How did the Grade 5 mathematics teachers teach addition of fraction?

To address this research question, we first presented a brief description of the three teachers’ cases. The analysis began by acquiring a rich profile of each of the three participants and description of their teaching approach. They were followed by a detailed transcript of semi-structured interviews and classroom observations focused on the individual teachers’ teaching approach and how they used them.

Teacher 1: Ben

Ben was an experienced teacher with 15 years’ experience in teaching mathematics. He is a Bachelor of Science holder, who specialises in mathematics education. He is currently teaching Grade 5 in a rural school, passionate about teaching and believes that all lessons should be learner-centered. For his lessons, he used curriculum materials supplied by Education District and believes that there was a need to supplement these materials. In his fraction lessons, he used visual representations, and moved from concrete to the semi-concrete and finally to numerical symbols (symbolic representation). Ben’s enthusiasm for teaching was evident in his interactions with his learners. His classroom instruction was in such a way that the learners were actively involved from the beginning to the end of the lesson and little time was lost on organising the class or getting the learners to pay attention. During instruction, he moved around the classroom ensuring that each learner in the class participated fully in any given activity. He guided his learners as they worked on the activities and when necessary corrected them as he demonstrated the connections between different representations.

During the lesson observations, it was noticed that Ben drew upon different kinds of representations in his teaching of fraction from readily available resources. This approach was also emphasised in his interview. There were some instances when he drew upon physical representations, using stones as counters for learners to demonstrate sets of objects in his first lesson so that the learners could understand better the part–whole interpretation of fraction. In the first lesson, the learners were actively involved as they worked in groups creating and partitioning sets to form fractions. Here, learners were instructed on how to divide a set of eight into four equal parts. In the course of the instruction, Ben moved around ensuring that each learner was participating in the activity. Then he asked the learners in unison, each set is what of the whole group? The learners responded, ‘one-fourth’. Ben instructed a learner to write on the board [image: SAJCE-11-854-I1.jpg] of 8 = 2. The activity continued for about 15 min, as learners worked on finding fraction of different sets of stones.

Ben drew upon visual representations in his second lesson by introducing addition of fraction with an activity involving the learners. He used learners to illustrate the part–whole definition of fraction using sets, and also demonstrated the addition of fractions with common denominators using the four-seater desks as a resource. Below is a transcript of teacher Ben’s introductory lesson where a four-seater desk was used as a convenient physical representation showing a set of four; the number of people at the two desks were taken as a unit.


T: How many people can be seated on the desk? (Ben, teacher, male)

L: Four on each desk [in unison] (Learners, Grade 5, gender unspecified)

T: Now let us assume that we have two people in one desk and one person in another desk; we are then asked to combine the different people in the two desks. What fraction of the people will the desks occupy? How are we going to do this? (Ben, teacher, male)

L: By joining the two desks [in unison] (Learners, Grade 5, gender unspecified)



Ben distributed two pieces of paper to the learners and asked them to divide each piece of paper into four equal parts, as each piece represented each desk that should occupy four people. He sticked the two pieces on the board and asked the learners to represent the situation:


L: We start by shading (Learners, Grade 5, gender unspecified)

T: Yes, we will shade two parts. (Ben, teacher, male) [A learner stands up to shade using a marker]. Did he shade correctly? Can another learner shade the other part [Another learner stands up to shade one more].

T: We have shaded two fractions; the first is 2 out of 4 and the other is 1 out of 4. That is [image: SAJCE-11-854-I2.jpg] and ¼. What is the denominator of the fraction you will get after addition of [image: SAJCE-11-854-I3.jpg] and [image: SAJCE-11-854-I4.jpg]? (Ben, teacher, male)

L: four (Learners, Grade 5, gender unspecified)

T: four? (Ben, teacher, male)

L: 8 (Learners, Grade 5, gender unspecified)

T: Ok. Let us calculate it; the first desk has space for 4 people and second desk will also contain just four people, so each of the desk will contain just four people so the denominator of the new fraction will still be ‘4’ because none of the desks will contain more or less than ‘4 people’. Then how many people are seated altogether in the desks? (Ben, teacher, male)

L: Three (Learners, Grade 5, gender unspecified)

T: The addition of [image: SAJCE-11-854-I5.jpg] and ¼ will give us what? (Ben, teacher, male)

L: ¾ [in unison] (Learners, Grade 5, gender unspecified)

T: Very correct. If we say two-eighths plus one-eighth, the answer is what? (Ben, teacher, male)

L: Most of the learners responded three-eighths, that is, [image: SAJCE-11-854-I6.jpg].

T: Now we have to find out if the answer is correct by calculating [image: SAJCE-11-854-I7.jpg] on a square card. Let us use the square on the board to make it easy. Now we want to find the sum of the two fractions. [He pastes the two squares together to form one rectangle, broken down into eight parts to demonstrate the result]. The teacher, first coloured two parts out of the eight parts, then coloured onr part out of the same eight parts, the total coloured parts is 3 out of 8 parts. Then [image: SAJCE-11-854-I8.jpg]. (Ben, teacher, male)



Ben then instructed the learners to move into smaller groups. Using a 5-cm long rectangular piece of paper, he asked each learner to use 1 piece of paper divided into 5 pieces to represent and calculate [image: SAJCE-11-854-I9.jpg]. He moved around the class attending to each group, guiding learners through probing and asking questions.

In terms of the symbolic representation of fraction, Ben continually emphasised correct verbalisations of numerical fraction symbols by stressing that learners should not verbalise the fraction [image: SAJCE-11-854-I10.jpg] as ‘two over four’ because according to him, ‘over’ means something that has gone past. Instead the learners should say ‘two-fourth’ or two out of four parts. Whenever, he wrote fraction on the board, he often linked the symbolic representation to the correct verbal representation. The emphasis of the words ‘fourths’ and ‘halves’ is important to help learners see the ‘fourths’ as the size of the objects that were being counted, whilst the three was the number of objects being counted.

Ben used both English and isiZulu, but English often and isiZulu was mainly used to clarify certain points when he felt learners did not understand as confirmed during classroom observation. The reason given in the interview was that if the only language of instruction in the classroom is English, some learners who cannot speak English might well be scared to ask questions. The use of the different modes of representation helped improve his learners’ understanding of addition of fraction at different rates. Ben used more than one mode of representation because he believed that people have different learning styles and, therefore, using different representations catered for the different learning styles in the classroom.

Teacher 2: Will

Will has 15 years’ experience in teaching mathematics. He holds a BSc that specialises in mathematics education but can also teach life science. He is currently teaching Grade 5 in an urban school. He is passionate about teaching and believes that learners should be taught and guided in learning mathematics having an assumption that the learners attend lessons after school. He used demonstrations in his lessons. All physical and visual aids that he used in the classroom instructions were done as demonstration with learners as observers, although he drew diagrams to illustrate the addition of fraction. The learners participated actively only when they were called upon to write mathematical sentences or symbols on the board. He arrived late for both his lessons that were further delayed because the learners were so rowdy and he had to make them settle down before commencement of lesson.

Will used different kinds of representations in his teaching of fraction. In terms of physical and visual representations, Will used pens of different colours as counters during the demonstration of fraction. He further demonstrated in his first lesson the definition of fraction using a diagram to explain that the set of five sweets presented a whole and that once a person starts sharing them, fractions are the result. He emphasised whilst using diagrams that the number of parts into which the whole is divided represents the denominator and the shaded area represents the numerator. He wrote [image: SAJCE-11-854-I11.jpg] in his second lesson and emphasised the rule that when you add two fractions with a common denominator, you add only the numerator. However, he did not draw attention to why the denominator remains the same. The learners spent much of the time laboriously copying down the diagrams from the board.

In terms of making links between the verbal and symbolic representation, Will did not seem to mind how learners verbalised the symbols, paying little attention to correct terminology. Will used only English as a medium of instruction. During interview, Will attributed this to the culture of the school, an English medium school with diverse nationalities. At no point during the observations did he focus on the meaning of a fraction such as [image: SAJCE-11-854-I12.jpg], which he referred to as ‘two over four’ instead of two-fourth. The only thing Will cautioned his learners against was using a slanted line (/) to separate numerator from denominator, telling them instead to use the horizontal line (–).

At one point, Will used a real-life problem to explain the part–whole definition of a fraction. The following problem was used by Will:


Mr Themba has five sweets. He gives three sweets to Shozi and one sweet to Mthethwa. What fraction of the sweets did Mthethwa get? Also what fraction of sweets did Shozi and Mthethwa get altogether? (Will, teacher, male)



He read out the problem aloud and then asked what fraction did Mthethwa get? When nobody answered, he wrote down the answer of [image: SAJCE-11-854-I13.jpg]. Will then posed the second part of the question to his learners. He asked them for the answer, but again nobody answered. He then wrote [image: SAJCE-11-854-I14.jpg] on the board. He asked the learners how they would add these fractions. In unison they answered the question saying ‘we add the numerators’. His next question was ‘what is 3 + 1’ and received the chorus answer of ‘4’. He then wrote the answer of [image: SAJCE-11-854-I15.jpg] on the board. He then asked the learners to copy down the question and the answers from the board, which they spent the rest of the lesson doing. Although Will often mentioned in his interview that he preferred to use various representations to teach fractions, he mainly used the area model of shaded parts divided by the total parts to represent fraction.

Teacher 3: Greg

Greg had 15 years’ experience in teaching mathematics. He holds a Bachelor Degree in Education with major in mathematics education. He was teaching Grade 5 in a semi-urban school. Greg is a very active teacher and one can tell that he is passionate about teaching mathematics. Greg believes that learners should be actively involved in the learning process. Even though all instructions were whole group discussions, the learners were given opportunities to volunteer to do certain special tasks. He used a fraction chart to give learners a chance to show their understanding by having them demonstrate certain ideas to the rest of the class.

In the first lesson, Greg used apples as manipulative when adding numbers. He also used diagrams, pictures and fraction charts when teaching addition of fractions. He used a fraction chart as follows:


T: Using the fraction chart add [image: SAJCE-11-854-I16.jpg] and [image: SAJCE-11-854-I17.jpg]? (Greg, teacher, male)

L: [unison] [image: SAJCE-11-854-I18.jpg] (Learners, Grade 5, gender unspecified)

T: [Randomly pointed out some learners to show the addition using fraction chart] Come and show us how you got the answer. (Greg, teacher, male)

L: A circle divided into five equal parts was placed on the chart board. The learners first removed 1 part out of the 5 equal parts to represent [image: SAJCE-11-854-I19.jpg] and again removed 3 parts out of the same remaining parts to represent [image: SAJCE-11-854-I20.jpg], making a total of 4 parts removed out of 5 equal-sized parts. Hence, [image: SAJCE-11-854-I21.jpg].



Greg also used a game to help learners generate and accumulate multiples of numbers. The title of the game was ‘There is a fire on the mountain’. Learners formed a circle and ran round, with the teacher leading the song. It went like this:


T: There is a fire on the mountain. (Greg, teacher, male)

L: Run, run, run. (Learners, Grade 5, gender unspecified)

This was repeated three times and then an accumulation of multiples began.

T: In threes [said when teaching multiples of three]. (Greg, teacher, male)

L: Learners responded by standing in three.



Those learners who did not form a group of three stood aside. The teacher then instructed each group of three learners to count in threes, and so on, with several different numbers called out by the teacher. This game was intended to help learners to practise their three times table, but it was also useful to help learners improve their multiplicative reasoning by helping them understand that a class of larger group of 54 could also be seen as 18 units each consisting of three units each. This way of looking at the decomposition of numbers is essential for the development of a robust understanding of fractions (Boyce & Norton 2016; Hackenberg 2010). However, the game was just an add-on and did not seem to be linked to further activities or discussion or written follow-up activities that could have helped the learners consolidate the ideas or extend their skills using other multiples.

In the second lesson, Greg used more examples to explain addition of fractions as follows:


T: You can also add fractions without using a fraction chart. What do we get when we add [image: SAJCE-11-854-I22.jpg] and [image: SAJCE-11-854-I23.jpg]? (Greg, teacher, male)

L: The majority of the learners were quiet, but some responded [image: SAJCE-11-854-I24.jpg] after doing some calculations on their papers.

T: Now, we will use the fraction chart to add. We take a strip that is two-eighths and another one that is one-eighth [sticks both strips onto the fraction chart]. We see our Least Common Multiple [LCM] is 8; we will look at the fraction with denominator 8. Then we take the strips and stick them adjacent to each other. Then we compare the answer we get with the first answer [sticks strips on chart]. What is the answer? (Greg, teacher, male)

L: Three out of eight. (Learners, Grade 5, gender unspecified)

Another learner demonstrates, counting the parts not covered by the strip, and gets the answer [image: SAJCE-11-854-I25.jpg]. Greg tried to address the misconception by probing the learner further.

T: How did you get the answer three out of eight? (Greg, teacher, male)

The learner was silent and Greg responded to the class.

T: Yes, the correct answer is three out of eight. You count the part covered by the strips and where it ends is your answer. The part not covered by the strip is not your answer. (Greg, teacher, male)



From the excerpt it can be seen that Greg tried to help a learner deal with the issue of using a fraction chart. The learner had the misconception of counting the remaining parts and not the covered parts. It is important to note that symbolic representation by demonstration dominated Greg’s lesson. Whilst using symbolic representations, he would verbally connect the symbols to other representations. For instance, when finding the lowest common denominator, he would remind learners of the pizza they share in their various homes. Greg used English throughout the classroom instruction and the learners were comfortable with that responding well in English. He used verbal language very well, reminding learners of concepts learned in earlier grades or in previous lessons, connecting them with the current lesson. Another reason given by Greg for use of English was that during problem solving, learners will fail to interpret problems on fractions if they were not accustomed to English.


Research Question 2: Is there any difference in the learners’ achievement on tasks based on addition of fraction?

To address the second research question, the researchers used mean, standard deviation and gain scores whilst the null hypotheses were tested at 0.05 alpha levels using ANCOVA, which was considered an appropriate statistical tool. However, post hoc analyses were used to determine the instruction group that was most significant.

Table 1 shows that the mean achievement scores and standard deviation of learners who were taught fraction by three different teachers using different teaching approaches. From the table, it is evident that Ben group had 6.15 and 29.27 in the pre-test and post-test scores, respectively, and standard deviation was 3.24 and 7.46 for pre-test and post-test, respectively. Also, the mean of the learners who were taught fraction by Will was 6.23 and 25.72 in the pre-test and post-test, respectively, with standard deviation of 3.15 and 4.98, respectively, whilst the mean of the learners who were taught the same fraction by Greg was 6.07 and 18.63 for pre-test and post-test in that order, with standard deviation being 3.60 and 6.76, respectively. However, the mean gain for Ben group was 23.12; Will’s group had a mean gain of 10.54, whilst Greg’s group had a mean gain of 12.56. This implies that the group taught fraction by teacher Ben had higher achievement level than the learners in other groups. However, there was a need to identify whether the difference was statistically significant with ANCOVA analysis:



[image: SAJCE-11-854-T1.jpg]


H0: There is no significant difference in the mean performance scores of learners taught fractions by different teachers using different teaching approaches.



Table 2 shows the summary of the one-way ANCOVA table on learners’ post-test scores on the achievement of fraction by teachers Ben, Will and Greg. From the data in the table, it is evident that there is a significant difference between the mean achievement scores of learners in the different groups at 0.05 level of significance. This is because the p-value is 0.00. Since the p-value of 0.00 is less than 0.05, we reject the null hypothesis. Hence, there is the need to statistically find out which teaching group actually caused the significant difference in the study using the use of pairwise comparisons test (post hoc test).
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Table 3 shows the summary of the post hoc tests using the pairwise comparisons to show exactly where the difference amongst the groups occurs. The groups (I) compares with group (J) in each case. From the column labelled the mean difference, the asterisk (*) next to the value listed means that the two groups being compared are significantly different from one another at p < 0.05. From the table, the mean difference of Ben’s and Will’s groups was 12.16, the mean difference of Ben’s and Greg’s groups was 10.62, whilst the mean difference of Greg’s and Will’s group was 2.08. The other differences were negative. The analysis showed that Ben’s group performed better than Will’s and Greg’s groups, whilst Greg’s group performed better than Will’s group. Conclusively, the learners taught by teacher Ben performed better than those learners taught the same fraction content by teachers Greg and Will. However, learners taught by teacher Greg performed better than learners taught by teacher Will. The results of these tests were an indication that teacher Ben’s teaching approach produced a significant result than the other two teachers.
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Discussion

Based on the findings of our first research question, this study identified different teaching approaches used by three experienced teachers in teaching of addition of fraction to Grade 5 learners. The qualitative research findings revealed that Ben drew upon different types of classroom interactions; he presented explanations, summaries and instructions to the whole class, whilst at other times he allowed his learners to work in small groups. It is important to note that when this happened, he had clear instructions and had the accompanying resources at hand so that the learners were clear about what they needed to do in their group activities. He gave his learners opportunities to practise the addition of fraction using many examples.

All the lesson time in Ben’s classroom was used productively for learning because he assigned follow-up activities for his learners. One of the strengths of Ben’s lessons was his use of concrete representations. The benefit of starting with concrete manipulatives is that it builds learners’ confidence by giving them a way to test and confirm their reasoning (Hunt, Nipper & Nash 2011). Moreover, Ben spent much time emphasising the links between the verbal and the symbolic representations, helping learners to see concrete examples of the role of the numerator and denominator in the symbolic representation of fraction. This finding was in line with Azuka (2009), Barmby et al. (2014), Naidoo (2011), who revealed that the use of representations can be more effective when concrete and semi-concrete aids are used in teaching and learning of mathematics.

Ben continually emphasised correct verbalisations of numerical fraction symbols by stressing that learners should not verbalise the fraction [image: SAJCE-11-854-I26.jpg] as ‘two over four’; instead, the learners should say ‘two-fourths’ or two out of four parts. The emphasis of the words ‘fourths’ and ‘halves’ is important to help learners see the ‘fourths’ as the size of the objects that were being counted, whilst the three was the number of objects being counted. This finding confirms the observation of Hackenberg and Lee (2015) that teaching fraction effectively requires using correct language and technical terms. The primary language of communication observed in Bens’ lessons was English, although he sometimes used IsiZulu (learners’ first language) in his instructions. Ben used mathematical language to create scaffolds for learners’ understanding of addition of fractions. This approach is supported by Hill and Charalambous (2012) who found that correct verbal mathematical language is typical of teachers with high mathematical pedagogical knowledge.

Will’s teaching was quite disconnected. Although he is an experienced teacher, in this study Will tried to utilise different interpretations of the part–whole model of the fraction (as the number of selected parts compared with the total number of parts, as well as the relationship between a subset of a group of objects and the group itself). He also neglected the connections between the fraction symbol and the subset of sweets compared with the total number of sweets. He moved quickly to deconstruct the real-life problem by symbolising the fraction, without dwelling on how this was achieved. He left the simple task of working out the answer to the whole number addition of ‘2 + 1’ to his learners to work out. Hence, the problem was deconstructed to a whole number addition problem, instead of an application of addition of fraction.

Another disturbing fact was that in Will’s classroom much valuable time was lost on unproductive issues, leaving little time to focus on learning of fractions. Although he used a real-life setting based on a part–whole interpretation of a fraction as a relationship between a subset of a group of objects and the group itself, he did not check whether his learners understood this idea of a fraction. He moved quickly to writing down the fractions without drawing attention to the meaning of the numerator and that of the denominator in that setting. The primary language of communication observed in Will’s classroom lessons was English.

Greg is equally an experienced teacher like the other two. In this research Greg utilised many representations but spent little time emphasising the connections between them. The use of the ‘fire on the mountain’ game presented a useful opportunity to build up and connect the key ideas for multiplicative concepts, but Greg did not expand that knowledge. As identified by the author, an important characteristic affecting individuals’ ability to learn fraction is the development of ‘central multiplicative structures’ (Lamon 2007:660). The ‘fire on the mountain’ game could have helped develop learners’ multiplicative reasoning through some of the stages identified by Hackenberg (2010). Using the game, a larger group of 54 could also be seen as 18 units each consisting of three units each, which represents ‘a unit of units’ structure’ (Hackenberg & Lee 2015:206). A crucial extension of this understanding should have been learners’ ability to move flexibly between the units of units. However, Greg’s use of ‘fire on the mountain’ game was just an add-on and did not link to follow-up activities that could have helped the learners consolidate the ideas of multiplication concepts.

Greg’s main form of classroom engagement was with the whole group. Greg stated during interview that using physical and visual objects was very interesting because the learners were able to relate the visual to the physical one. However, there was not much evidence of him making these connections. He often moved to a different activity abruptly without making the connections explicit. Although teacher demonstration dominated Greg’s lessons, the learners also actively participated in demonstrations and were given opportunities to explain their answers. Greg’s teaching was dominated by his own explanations and demonstrations, and he did not give his learners any opportunities to work together to find their own answers. However, Greg in his lessons feels that it is necessary to refer to an LCM when adding fractions with the same denominator because of the need to establish the fact that we cannot add fractions with different denominators, until you determine the ‘least common denominator’. Greg used English throughout his lessons and the learners were comfortable with that, responding well in English.

The observations revealed that the three teachers’ approaches were quite similar in terms of use of representations in teaching addition of fraction. With respect to the kind of representations observed during classroom instruction, emphasis on one representation over another depends on the choice of the teacher. Will and Greg used the different modes of representations identified by Lesh, Post and Behr (1987), whilst Ben’s classroom instruction used all the modes except the contextual representation. In Ben’s lessons, the learners handled the materials themselves as they were actively engaged in group activities. Will used the manipulatives as a demonstration tool in teacher-led whole class discussions. Greg used physical representations tool during teacher-led whole group discussions, and his learners were actively involved to a smaller extent than Ben’s learners were.

Across the three classes, the measurement interpretation of fraction was quite neglected. None of the teachers used the number line as a tool to represent fraction although Greg referred to it fleetingly in his interview. A strong understanding of a fraction as a measure, such as a length on a number line, can form the basis for students’ understanding of the magnitude and ordering of fraction (Boyce & Norton 2016; Siegler et al. 2011). However, none of the teachers drew upon the number line in their lessons. These findings agree with the observations of Hecht et al. (2003) that measurement interpretation of fraction is often neglected in teaching of fractions. In addition, other researchers (e.g. Boyce & Norton 2016; Siegler et al. 2011) observed that a strong understanding of a fraction as a measure, such as a length on a number line, is crucial also for learners’ future mathematics achievement.

The findings from the second research question based on results from the ANCOVA using the pre-test as the covariate confirm what the classroom observations and interviews suggested. Ben’s teaching regarding the addition of fraction was more effective than the other two teachers. The improvement in the scores of the learners from his class was higher than that of the learners from the other two classes. This difference was statistically significant. The improvement for Greg’s class was also higher than that of Will’s class. And this difference was also statistically significant.

This study has shown how teaching the same mathematics content by three different teachers using varied teaching approaches resulted in different learning gains for their respective learners. It is possible to pinpoint some specific factors that could have led to the improvement in Ben’s learners: a combination of good practices and multiple use of representations brought together by Ben in his classroom instruction could explain the better results achieved by his learners. This finding is in line with Green and Hall (1997) and Tripathi et al. (2008) who stressed that making multiple connections amongst mathematical representations provides a unique perspective for understanding mathematical concepts. These connections between and within representations are a necessary strategy to support learners’ understanding of fraction (NCTM 2014). Moreover, the use of mother tongue could be one of the reasons for improved performance in Ben’s class observed. Van Laren and Goba (2013) observed that learners’ performance improved when they were taught mathematics in their home language. On the contrary, Odili (2006) observed learners’ poor performance and negative attitude from the society when learners are taught mathematics through their home language.

Conclusion

This study revealed how three teachers predominantly used different teaching approaches in teaching addition of fraction. It also revealed that learners’ success depends on the use, flexibility in terms of moving from one type of representation to another, and teachers’ insights and abilities to make connections between representations when teaching fraction. This attribute was displayed by Ben in his classroom observations and could explain for the better performance of his learners in this study. This study has provided empirical support for the intuitive notion that when teachers possess an in-depth understanding of mathematics, their learners learn more (Hill et al. 2005).

The authors argue that if learners do not develop a sound understanding of the concept of fractions, their subsequent work in simplification of algebraic fractions becomes severely compromised. This position is in line with Ubah and Bansilal’s (2018) observations that for many learners their knowledge of simplification of fractions depends on basic understanding of the meaning of fraction. Hence, mathematics teachers should endeavour to facilitate learners’ conceptual knowledge of fraction by using appropriate teaching approach in their instruction, namely, learner-centred approach, activity-based learning and use of multiple representations.

One limitation of this study is a very small percentage of flawed test items in FAT, but the questions did not affect learners’ responses to the test items because the author made oral correction before commencement of the test. The study recommends that primary school mathematics teachers should adopt a good combination and multiple use of representation in teaching and learning of fraction. The study recommends that pre-service primary mathematics teachers should be provided with more structured opportunities to improve their understanding of different interpretations of fraction. Above all, teacher training institutions should develop mathematics teachers in line with the use of multiple representations, learner-centred approach, activity-based learning and use of mother tongue in teaching fraction.

This research provided empirical evidence that proffers solution to the numerous questions about how teachers could facilitate learners’ construction of rational number knowledge and how teachers’ experiences and practices could add to such knowledge. It is essential that teacher professional development agencies and school management teams provide structured opportunities for teachers to start sharing their experiences with their colleagues and engaging in joint reflections.
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Appendix 1

Fraction achievement test (FAT)

Instructions: Simplify the following fractions on the spaces provided and encircle the correct option.
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. In preparation for a dinner, Allen went to the grocery store and got vegetables to make a salad. He picked out 1/4 of a bag of spinach,

1/4 of a bag of romaine and 1/4 of a bag of tomatoes. How many bags of vegetables did Allen get in total? (Assume that the bags
were of the same size.)
(A% (B)3/12 (O)%

Jeanette visited a toy shop with her younger brother. Near the register, there were jars filled with tiny items. They saw 1/9 of a jar of toy
soldiers, 1/9 of a jar of rings and 2/9 of a jar of key chains. Altogether, how many jars would these items fill? (Assume that the jars were
of the same size.)

(A)4/27 (B)2/9 (C)4/9

Mimi’s science class recorded the rainfall each day. They recorded 1/7 of a centimetre of rain on Monday, 2/7 of a centimetre of rain on
Tuesday and 2/7 of a centimetre of rain on Wednesday. How many centimetres of rain did the class record in all? (Assume that the
quantity of rain was same for each day.)

(A)5/17 (B)3/7 (C)5/27

A group of students baked pies and sampled the results. Afterwards, the instructor noted what remained. He saw 1/11 of a pie filled with
apples, 3/11 of a pie filled with pears and 5/11 of a pie filled with cherries. If he combined the leftover, what fraction of the whole pie can
he make? (Assume that the pies were of identical size.)

A)9/33 (B)9/22 (C)9/11

Desmond’s family ordered pizza to eat during an American football game. Desmond ate 3/8 of a pizza. His mother ate 1/8 of a pizza, and
his father ate 3/8 of a pizzas. If all the pizzas were of the same size, how many pizzas did Desmond’s family eat in all?
A)7/8 (B)3/8 (C)3/24

In preparation for a hike, Layla mixed together some nuts. She used 1/10 of a cup of peanuts, 3/10 of a cup of walnuts and 3/10 of a cup
of almonds. What fraction of a cup of ingredients did Layla use in all?
A)3/30 (B)1/10 (C)7/10

Whilst waiting for her family to finish shopping, Linda wandered around the mall. She spent 1/5 of an hour in a game store, 1/5 of an hour
in clothing store and 2/5 of an hour in a shoe store. In all, what fraction of an hour did Linda spend wandering around the mall?
A)4/15 (B)2/15 (C)4/5

After the lunch rush, the manager of a bakery checked how much quiche remained. He found 7/12 of a quiche with bacon, 1/12 of a
quiche with mushrooms and 1/12 of a quiche with asparagus. Assuming the quiches were all identical in size, how many leftover quiches
do we have?

(A)7/12 (B)2/3 (C)3/4

Add 1/6, 2/6 and 1/6
(A)2/9 (B)2/3 (C)1/6
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25. Jean needs 21 cups of flour to make sugar cookies and 3 cups of flour to make peanut butter cookies. What is the total number of cups
of flour that Jean will need to make both kinds of cookies?
A5L (B)5% (O)5%

26. Khoza ate 3/15 of the pizza for lunch whilst Makhudu ate 1/15 of the same pizza. What is the total fraction of pizza that they ate for lunch?
A)3/15 (B)2/15 (C)4/15

27. A group of 5 campers used a total of 12 gallons of water on a camping trip. Each camper used the same amount of water. How many
gallons of water did each camper use?
A)1/12 (B)5/12 (C)12/5

28. Mr. Morris built a fence to enclose his yard. He put up 2/6 of the fence on Monday. On Tuesday, he put up 1/6 of the fence, and on
Wednesday, he put up 1/6 of the fence. What portion of the fence did he put up altogether?
A)2/3 (B)1/3 (C)6

29. It takes Julia 1/4 h to wash, comb her hair and put on her clothes, and 1/4 h to have her breakfast. How much time does it take Julia to be
ready for school?
A)%h (B)%h (C)1/8h

30, b T e e

A)2/13 (B)7/13 () 1%

31. How many one-fourths would be needed to make a whole?
A)2 (B)3 (C)4
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TABLE 3: Results of analysis of variance analysis of pairwise comparison of
means (post hoc test).

() Group () Group Mean SE sig. Remark
difference (I-J)

Ben will 12.16* 0.00 s
Greg 10.62* 0.00 s

will Ben -12.16* 0.00 s
Greg -2.08* 0.00 s

Greg Ben -10.62* 0.00 s
will 2.08* 0.00 s

Note: Adjustment for multiple comparisons: Least significant difference.
s, significant; SE, standard error; Sig., significant.
* The mean difference is significant at the 0.05 level of significance.
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TABLE 2: Summary of analysis of variance analysis of fraction achievement test
for post-test mean scores of Ben, Will and Greg teaching groups.

Source Typellisum  Df Mean F Sig.  Remark
of squares square

Corrected model  10891.20 3 363040 16475  0.00 s
6119.90 1 6119.89 27772 0.00 s

Pre-test 4795.69 1 479569 217.63  0.00 s

Groups 5985.77 2 299280 13582  0.00 s

Error 381227 173 2204 - -

Total 10187400 177 - - - -

Corrected total 14703.47 176 - - -

s, significant; Df, degrees of freedom; F, the ratio between group variance within group

variance; Sig., significant.
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TABLE 1: Mean achievement scores and standard deviations of learners’ fraction
achievement test scores in Ben, Will and Greg groups.

Teaching  Types of test No. of Mean SD Mean gain

groups students

Ben Pre-test 59 6.15 3.24 23.12
Post-test 59 29.27 7.46 -

will Pre-test 61 6.23 3.15 10.54
Post-test 61 16.77 4.98 -

Greg Pre-test 57 6.07 3.60 12.56
Post-test 57 18.63 6.76 -

Total - 177 - - -

SD, standard deviation.
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