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Curriculum Development and Enhancement

Research question 
Why do pupils form misconceptions in mathematics and what misconceptions are there within the topic Fractions?


Introduction

Throughout this research paper I will be exploring and analysing the misconceptions of the topic Fractions. My reason for selecting this particular topic is because I feel there are several common misconceptions linked directly to this topic. For this report the research was conducted in my first placement school. In line with the Ethical Guidelines of the British Educational Research Association (BERA), I will be referring to my first placement school as School X. School X is a 11 to 16-year-old institution which has approximately 460 pupils currently on role. Of these 460 pupils 27% are eligible to free school meals and 32% have additional learning needs (see Appendix 1). To conduct the research, I selected a year 9 set 3 class, which has 14 pupils; these pupils are expected to achieve between a level 3 and 5 by the end of key stage 3. Amongst these pupils, 43% are eligible for free school meals and 57% have additional learning needs (see Appendix 2). To support particular pupils within the class there is a teacher’s assistant present during every mathematics lesson. The class selected were exposed to a pre-test, in lieu of addressing the misconceptions of the topic over a series of lessons and a post test. 

Literature Review

A mistake can be a human error, caused by factors such as tiredness or inattention. Therefore, mistakes in Mathematics can be easily made, even when pupils comprehensively grasp concepts and have a sound understanding of the work. Ryan and Williams (2007), state how mathematical errors are composed within surface level knowledge (Ryan & Williams, 2007). When a pupil is answering a question their answer is procedural, if the answer is incorrect the teacher can provide a correct method. Moreover, Cockburn (1999) explains how the teacher’s selection of mathematical tasks can lead to pupils producing incorrect answers. Cockburn, continues to highlight the importance of taking the time and considering the tasks your selecting carefully (Cockburn, 1999). It is vital the tasks selected are suitable for the pupils you’ll be delivering the lesson to; it is fundamental that the pupils are aware of what is required of them, in terms of the mathematics involved.  

Chambers and Timlin (2013) express how misconceptions are different to mistakes (Chambers & Timlin, 2013). They continue to describe a misconception as a methodical and systematic error, which are in fact incorrect understanding of mathematical concepts. In addition, Barmby et al (2009) express a misconception as when the learner’s concept is in combat with the correct meaning and understanding of the mathematical concept (Barmby, et al., 2009). Various researchers address how many mathematical concepts taught within the classroom environment, actually contest against the various concept’s pupils establish over time. However, these concepts pupils develop are not consistent and are not acknowledged as mathematical concepts (Smith, 1993). 


Ryan and Williams (2007), discuss how a misconception is much more problematic when compared to a mathematical error (Ryan & Williams, 2007). The misconceptions are positioned far within the pupil’s levels of knowledge. The process of unwinding and correcting pupils’ misconceptions within Mathematics can be a long and time-consuming process; to effectively unravel a pupil’s misconception teachers have to be prepared in how they will do this. Regardless of these factors, Barmby et al (2009) state how the knowledge of misconceptions enhance pupils development and understanding of Mathematical concepts; they continue to discuss how this skill is essential when learning more complex and sophisticated mathematical concepts (Barmby, et al., 2009). Additionally, Spooner (2002) proposes that when a pupil is able to identify mathematical errors and misconceptions, it results in a larger openness for the pupil to explore and examine their own misconceptions, due to the fact the pupil felt in control (Spooner, 2002).

Misconceptions are inevitable; there are various and many reasons as to why pupils have misconceptions in mathematics. Hansen (2014), suggests how one way a misconception could be developed is from over or under generalisations of rules, concepts or principles (Hansen, 2014). Furthermore, Chambers and Timlin (2013) express that most misconceptions arise from overgeneralisation of earlier mathematical concepts (Chambers & Timlin, 2013). In addition, Tanner et al (2002) discuss an example of a common overgeneralisation, whereby the rules learned for whole numbers are stretched to fractions; which will be later discussed in greater depth (Tanner, et al., 2002). However, Tanner and Jones (2000) earlier explained how being able to spot patterns and create generalisations is a crucial aspect to mathematical development (Tanner & Jones, 2000).

Hansen (2014), continues to propose how a misconception can also be developed by a rule being misapplied or by having different conceptions of a situation (Hansen, 2014). Tanner et al (2002), add how misinterpretation of notation, misreading diagrams and using informal  language rather than mathematical language can all lead to pupils having an incorrect mathematical understanding of concepts (Tanner, et al., 2002). For pupils to develop mathematical concepts they must have procedural knowledge; knowing how to follow the procedure is a very important part of mathematics. Conceptual knowledge, sometimes viewed as being less significant is the knowing that or the knowing why in Mathematics (Ryan & Williams, 2007). Tanner et al (2002), discuss how being numerate is the skill of applying procedures out of context, justifying why and being able to share results (Tanner, et al., 2002). Thus, suggesting for a pupil’s procedural knowledge to make a positive impact on numeracy it must be derived from a precise conceptual basis and knowledge. 

Conceptual knowledge can be developed by teachers leading a discussion within the classroom, whether it be in the form of a whole class discussion, think pair share or group work. An interactive classroom environment is a fundamental strategy in allowing pupils to use mathematical language, allowing their own ideas to be heard and listening to other pupils’ ideas (Tanner, et al., 2002). This interactive environment will not only develop pupils conceptual understanding, but it will also allow teachers to identify any incorrect mathematical concepts pupils may have. For example, teachers are able to listen out for correct mathematical language being used and correct any that is being used incorrectly. Thus, having a positive impact on the whole class as all pupils are being exposed to this correction of mathematical terminology. As previously discussed, Tanner et al (2002) expressed how misconception development could arise from incorrect mathematical language being used. Therefore, by the classroom being an interactive environment it is beneficially developing several concepts and combatting many misconceptions all at once.
Misconceptions can also arise from teachers assuming that pupils have a prior knowledge when beginning a topic. Therefore, it is important when beginning a new topic to understand pupils may or may not have prior knowledge, and this prior knowledge may be mathematically incorrect. Tanner et al (2002), suggest steps to follow when addressing misconceptions of a new topic. The steps include allowing pupils to explain their answers to the class with reasoning and to intervene at any point in support of the pupils explanation, focusing the classes attention on crucial points (Tanner, et al., 2002). 

Hansen (2014), declares how all teachers should remember how pupils with additional learning needs are not the only group of learners who may potentially have misconceptions within mathematics; all learners across the various learning groups may have mathematical misconceptions (Hansen, 2014). 

Pupils have to see the limitations of their current thinking and concept before they can begin to learn (Tanner & Jones, 2000). Zaslavsky (2005), believes teachers should deliver mathematical tasks that create uncertainty in the pupils minds (Zaslavsky, 2005). Zaslavsky concludes how within mathematics there are three types of uncertainty that can be created within the classroom; competing claims, paths which are unknown and outcomes which are not verifiable (Zaslavsky, 2005). Chambers and Timlin, express how implementation of any of these types of uncertainty is very complex; pupils like the confidence and peace of mind that they are right. As previously mentioned, pupils can generalise rules and concepts widely throughout mathematics; even though some of the generalisations may be incorrect. A way to combat these incorrect generalisations is by using cognitive conflict. Chambers and Timlin, describe cognitive conflict as “provoking uncertainty”, which is an effective approach to aid pupils in overcoming misconceptions (Chambers & Timlin, 2013). After predicting the possible misconceptions, it is essential to show the pupils a problem that leads to an illogical answer (Tanner & Jones, 2000).    

Consequently, these are challenges teachers face to combat pupil development of new incorrect mathematical concepts, and to discover then unfold any existing misconceptions. When pupils use their own mathematical concepts and apply them to the topic fractions researchers have discovered many misconceptions. Chambers and Timlin (2013), feel the reason for this is because fractions are used to represent different things which cause confusion and difficulty; such as, a number positioned on the number line, a part of a whole or a part of a set (Chambers & Timlin, 2013). 

Firstly, when looking at possible concepts concerning equivalent fractions The Assessment of Performance Unit (APU) found a common misconception; whereby, pupils select fraction  and  as being equivalent. As a matter of fact, APU found 42% of eleven-year olds questioned, circled  and  as being equivalent fractions (out of a possible 5 fractions). Kerslake (1986), states how the concept of fraction equivalence underpins the methods of addition, subtraction and ordering of fractions. Additionally, Kerslake reports how pupils are rather confident and able at noticing equivalent fractions (Kerslake, 1986). In fact, Kerslake reported how sixteen out of seventeen pupils between the ages of twelve to fourteen, correctly answered the question on equivalence. Pupils had to select fractions which were equivalent; there were ten fractions in total. However, pupils are not as able when they have to apply this equivalence ability to solve other problems. Kerslake feels this is because pupils do not have enough understanding to apply their equivalence knowledge. Kerslake, later reported that even though pupils showed confidence when selecting equivalent fractions, pupils were just cancelling or multiplying numerators and denominators. Therefore, it was not obvious whether pupils actually understood why this method would lead to an equivalent fraction (Kerslake, 1986). APU also found pupils had this disjointed connection between equivalence and simplifying fractions. The research found when pupils were asked to give a fraction in its simplest form, the pupils found the task of cancelling down far easier than that of supplying an equivalent fraction (Assessment of Performance Unit, 1978 to 1982).

[bookmark: OLE_LINK1]Following on from the previous misconception, when pupils are asked to order fractions APU found when the denominators are the same the most common misconception is referred to as the “numerators reversed”. APU reported, 19% of eleven-year olds questioned thought that  was smaller than  (Assessment of Performance Unit, 1978 to 1982). The same pupils were then questioned, however this time the numerators were the same. APU discovered a misconception and made reference to it as the “denominators reversed”. Whereby 17% of the pupils believed a  is smaller than  is smaller than . They also found an increase of this misconception when presented with less familiar fractions which all had the same numerator. Following this pupils were presented with fractions which had different numerators and denominators. APU reported the biggest misconception in this circumstance to be the ignorance of the numerator. In point of fact, 36% of pupils viewed any number of eighths being smaller than any number of quarters. Finally, APU found the same misconception filtered across when pupils were asked to circle the largest fraction out of a possible 5 fractions. This misconception was most common for the pupils in the middle and lower bands of eleven year olds and the lower band of fifteen year olds.

As previously discussed, Tanner and Jones (2000), express how the concept of addition and subraction to whole numbers can be connected to addition and subtraction of fractions (Tanner & Jones, 2000). This idea is echoed as an over-generalisation of a concept, extending rules learnt previously over time (Tanner, et al., 2002). Kerslake (1986), continues to report how a common error that occurs when pupils are asked to add fractions is the addition of numerators and denominators. Research conducted by the CSMS project, found this incorrect concept in action more frequently when the fractions had different denominators (Kerslake, 1986). The results from the research found that around 25% of thirteen, fourteen- and fifteen-year olds added the numerator and the denominator when the denominators were different (Kerslake, 1986). Comparing to 70% of thirteen, fourteen- and fifteen-year olds only adding the numerator’s when the denominators were the same. Tanner and Jones (2000), report a way to best show how this concept has flaws is by using cognitive conflict. An example they discuss is  as this example will certainly fail. Pupils will be able to use their knowledge of halves and quarters, to see the concept of adding numerators and denominators will result in an answer of  which is illogical. APU found another common error when adding or subtracting fractions which is adding or subtracting the numerators and placing over the largest denominator (Assessment of Performance Unit, 1978 to 1982). Even though, this misconception is less common than the former, APU felt a need to acknowledge it as if the denominators are the same this misconception will still produce the correct answer. 

Chambers and Timlin (2013), express how pupils should understand the equivalence of fractions, decimals and percentages; teachers should explain the importance of these equivalences to pupils whenever possible (Chambers & Timlin, 2013). They continue to state an example of a way of reducing pupils not making the connections between fractions, decimals and percentages is by teaching fractions of quantities alongside percentages of quantities. Meaning, for pupils to understand and make automatic connections of the equivalence between these three forms of mathematics they need to be taught in such a way. Hart (2004), asserts how when pupils are asked to find proper fractions of quantities, they find it hard to grasp how the method of multiplying results in an answer which is smaller (Hart, 2004). Therefore, the common misconception in this instance is the concept that multiplying always makes a bigger answer.

To conclude, misconceptions within mathematics are inevitable. I feel it is imperative as teachers we do not plan to avoid misconceptions however, we should be researching and investigating what possible misconceptions may arise before beginning a new topic. In fact, we should want to probe for these misconceptions to emerge within the classroom; once emerged we should run with this to highlight the misconception to the whole class. Hansen (2014), asserts how part of a teachers role is to be mindful of possible misconceptions pupils may have when beginning a new topic, but to also think of the possible reasons why the identified misconceptions have been developed by the pupil (Hansen, 2014). Tanner and Jones (2000), additionally discuss how as teachers when preparing to teach a topic we should always determine the fundamental mathematical concepts which are the basis of the topic (Tanner & Jones, 2000). Additionally, to carefully select problems throughout the topic such as leading to inconsistent outcomes when misconceptions are existent, to cautiously select teaching strategies which for example bring misconceptions into open discussion, and to plan ways of offering feedback to the pupils for instance, to provide formative marking (Tanner & Jones, 2000).

Therefore, common misconceptions should be dealt with directly and not avoided. Pupils learn best when they recognise something isn’t right or not working and by their own approaches failing. By their approach failing, they should then want to change their current approach and as teachers we should be helping the pupils to develop new concepts for themselves (Tanner, et al., 2002). As previously mentioned, a good way to contest incorrect mathematical concepts is by using cognitive conflict within the classroom; as teachers we need to be equipped with problems that lead to illogical answers. We also need to expose pupils to complex problems which allow for pupil engagement of mathematical discussion. The majority of mathematics lessons should stem from problem solving, which should be at the heart of those lessons (Tanner, et al., 2002). 

School Policy and Practice

While studying School X’s Departmental Improvement Plan (DIP) it is clear how there is an effort throughout to combat and highlight misconceptions (see Appendix 3). There is a continuum of this conscience effort to address misconceptions within School X’s Scheme of Work (SOW). Within each year groups SOW each topic has a section labelled misconceptions (see Appendix 4). The section contains advice for common misconceptions to expect within the topic, also examples of reasoning questions to expose the pupils to. The questions shown to pupils are to highlight and/or unravel misconceptions by using techniques such as cognitive conflict by which the end result being an illogical answer. 

The year 9 SOW for the topic fractions suggests using ‘Bloom’s Taxonomy’ for questioning; as previously discussed by Tanner et al (2002) questioning probes and reveals misconceptions (Tanner, et al., 2002). For example, the ‘Understanding’ part recommends asking questions like “why do we not add the numerator and denominator when adding fractions?”; these style questions push pupils to give reasoning to their answers, aids pupils in progressing to higher order thinking and allows teachers to assess learning outcomes (Ramirez, 2017). 

Within School X’s inspection report, Estyn stated how the use of self and peer assessment strategies are beneficial in developing the pupils understanding. Assessment for learning strategies such as questioning, and discussion are used to highlight misconceptions. Tanner et al (2002), express how formative assessment that is of good quality has a positive effect on learning (Tanner, et al., 2002). They continue to discuss Tanner et al (1999), view on how teachers who plan to directly highlight misconceptions during lessons are the most effective teachers. Certain questions are more powerful in allowing teachers to check pupils progress in mathematics (Tanner, et al., 2002). They continue to make a note of Williams (1999), belief that exposing pupils to questions that are rich enables teachers to identify the pupils misconceptions (Tanner, et al., 2002).

The research I conducted in School X is a standard procedure already conducted within the Mathematics department. The department feel it is crucial pupils are exposed to pre and post testing. From the pre testing teachers can gage where the pupils are in terms of level and attainment, it is also an indicator of prior knowledge. The intervention between both tests, in other words a series of lessons, is normal teaching practice where the SOW is followed. During the course of the lessons between each test, the teachers in the department are also expected to plan for possible misconceptions (see Appendix 4). After the SOW is completed School X’s policy states pupils should undergo a post-test, in hope of pupils bettering their test results; thus, if this is the case School X is able to confidently state pupils are progressing in lessons.

However, if this is not the case and teachers identify pupils in their class as needing additional support School X has in place numeracy intervention programmes (see Appendix 5). The National Assembly for wales (2013), reported how numeracy intervention programmes are crucial for pupils who are showing slower or no progression in lessons (National Assembly for Wales, 2013). Within School X’s DIP it states how improving standards of numeracy is a school priority (see Appendix 3). Additionally, School X’s latest Estyn report declares how the numeracy intervention programme is beneficial and valuable to the school (Estyn, 2013). Over the course of the numeracy intervention programme, pupils experience the same process of pre testing, intervention and post testing. Therefore, the research I carried out is the same set up as pupils are used to; to an extent, pupils have been trained to this process of research.

Methodology & Ethics

When planning to carry out research within a school environment I made sure I thought-out my Methodology and the Ethics involved.  Cohen et al (2007), reported how methodological and ethical issues are tangled around one and other.  It is suggested by Cohen et al (2007), when planning to carry out research a large factor to consider is the effect and repercussion it could potentially cause the subjects; for the purpose of this research the subjects are the fourteen pupils (Cohen, et al., 2007).  Bell and Nutt (2012)(Cited in Brookes, 2014) argues ethical issues are more likely to arise when the researcher is a teacher. This is due to the fact that the teacher has a duty and responsibility to their students, the school and the profession (Brooks, et al., 2014). In addition, DePalma (2010) )(Cited in Brookes, 2014), expresses how in some cases it may be difficult for the pupils and parents to understand why teachers carry out research within the classroom (Brooks, et al., 2014)
Before carrying out the research I completed an Ethics form, whereby I had to consider many elements of the research. One element to consider was how pupils have a right to withdraw from the research; this is highlighted in section one of the BERA guidelines (Cited in Brookes, 2014). It is felt within section one the most familiar ethical issues are addressed, which are the consent, potential implications to the subjects and privacy. Before conducting the research, I took the time to explain to the pupils how the research I was carrying out was a normal school procedure and how they would have to complete the work regardless. However, I explained to them how they had a right to withdraw their work from being part of the data for the research evaluation. Nonetheless, Brookes (2014) argues how the power relationship between teachers and students makes it difficult for students to reject their work from being included in the research data (Brooks, et al., 2014). This is echoed by Nolen and Putten (2007) (Cited in Brookes 2014), who state students feel obligated to take part in the research and a possible reason for this is if they decline taking part they fell it may affect their marks in school (Brooks, et al., 2014).

As previously mentioned, the research was in the form of a pre-test, an intervention and a post-test. My reason for choosing such methods was because the pupils were already used to this layout of testing and teaching, answers from the pre-test would help me predetermine what misconceptions the pupils may have, and results from the post-test would enable me to measure and evaluate if my intervention was effective. Cohen et al (2007), discusses how these methods allow teachers to bring together data which is open to interpretation for conclusions to be made on the intervention (Cohen, et al., 2007). However, Kaplan (1973) (Cited in Brookes 2014) adds the objective of methodology is to come to terms with understanding, not the results but the process of the research. Cohen et al (2007), continue to state how methodology is linked with strategies of the positivistic model. Therefore, throughout the research I took a positive approach in assuming the intervention would be beneficial and successful. Biesta (2007) (Cited in Brookes, 2014) declares how research that evolves from positivist assumptions is favoured by the policy predilection (Brooks, et al., 2014). 

Tanner et al (2002), discuss how results and findings from a pre and post-test allow teachers to conclude on the most effective teaching strategies and approaches used throughout the intervention (Tanner, et al., 2002). However, Tanner and Jones (2007)(Cited in Chambers & Timlin 2013) state that as we have pre-empted some of the misconceptions and incorrect understanding from the results of the pre-test, our lessons set up for the intervention process may be channelled through a learning path that has already been pre-determined by the teacher. Thus, reducing the opportunities of creating discussion and increasing the likelihood of passive learning (Chambers & Timlin, 2013). There is also a risk of the intervention stage being a process of teaching for the test. Therefore, as teaching took place over the intervention period, I knew it was important for the pupils to develop a sound understanding of the topic generally, and not to just develop an understanding of the style questions I knew they were going to be asked in the post-test. Cohen et al (2007) add how there is a great deal of pressure on teachers to ready pupils for tests; due to things such as tracking, accountability, employment and being promoted through the school (Cohen, et al., 2007).

With any research there are limitations that follow, Cohen et al (2007) state how the construction and administration of the tests are an important part of the research. They continue to discuss how when setting up a pre and post-test they should adhere to several guidelines (Cohen, et al., 2007). The first guideline is how the pre-test should differ slightly to the post-test, such as the form or the wording in the tests. The tests issued in my research did not differ, as pupils sat the same pre and post-test this is argued that it will cause a limitation to my findings. Another limitation of my research was how my research and results were based on one group of pupils, I didn’t have a separate experimental group and control group, which is expressed as a guideline when conducting pre and post-test research. Bell et al (1985) (Cited in Chambers & Timlin), conducted research in the form of pre and post-testing, whereby a variety of decimal concepts was tested. There were two separate groups of pupils, which allowed for comparison of teaching methods and strategies taught in each group; thus, being able to conclude on the more effective strategies.

Evaluation

Following the pre-test I spent six lessons teaching pupils the relevant content under the topic fractions. In hope of combating the misconceptions pupils may have and equipping the pupils with mathematical concepts and knowledge to improve their results of the post-test. The SOW for the research was divided into lessons which mostly followed the order of the questions on the pre and post-test.

Question 1 was based on ordering fractions from the smallest to the largest:



My reasoning for choosing this as the first question of the test was because, I felt that the ability to order fractions was the foundation and basics pupils needed to access further fraction work. However, after delving into further research after issuing the pre-test it was clear how in fact the understanding of fraction equivalence underpins further methods within the fraction topic (Kerslake, 1986) (Assessment of Performance Unit, 1978 to 1982). Thus, resulting in the change of order the content of work was taught in; therefore, the first lesson was based on the equivalence of fractions. For this reason, if I was to carry out this research again, I would change the order of my questions, so equivalence was question 1 not question 2. The results from the pre-test showed an average of 28.6% of the pupils received a mark for ordering the fractions, the contribution of this mark came from 4 pupils. Following the intervention, the marks for the pupils increased by 50%, which was contributed from 11 pupils succeeding in getting this question correct. 

The main misconception which became apparent from this question was how pupils overlook the numerator. Just over half of the pupils wrote the following as their answer in the pre-test:

The pupils believe, no matter how many eighths is in the question, any number of eighths is smaller than any number of quarters or halves. As previously discussed, APU described this error as numerator ignored. Subsequently, the results from the post-test displayed a decrease to pupils giving this answer. APU argue how the answer given correctly but is backwards is very rare (Assessment of Performance Unit, 1978 to 1982). However, when analysing my pre and post-test answers, I found a fault within my question. The three fractions presented to the pupils if put in the ‘correct order backwards’ would give the same answer as if the pupil had the misconception of that described as the numerator ignored. Therefore, confusion was caused with the high number of pupils who gave the answer ‘ ‘; were these pupils under the umbrella of the numerator ignored misconception or, did these pupils simply read the question incorrectly and give the answer in the form of largest to smallest?

From the research conducted by APU it is more likely that the pupils had the misconception of ignoring the numerator, as it was found just over a third of 11-year olds they asked had this misconception. Also as previously discussed, APU stated how it is very infrequent for pupils to give the answer backwards. In consequence, for this not to be a confusion I feel I should have chosen three different fractions where this wouldn’t happen. An example of what I would change the fractions to is:


Whereby, this would highlight whether the pupils are reading the question incorrectly or have a misconception as previously discussed. Regardless of the reason the pupils gave their answer in the form  , it is important to discuss the misconception in lesson as well as emphasising the importance of reading the question carefully. 

Question 2 asked pupils to circle two fractions that are equivalent:



The four fractions above were carefully selected, after investigating possible misconceptions with regards to equivalent fractions. The most common misconception was that pupils believe  and  are equivalent. After examining the pre-test results it was clear this misconception was rather common with the year 9 pupils, as 62.5% of pupils who answered the question incorrectly gave the answer  as being equivalent. During the intervention I found pupils were able to confidently complete statements of equivalent fractions that had a missing numerator or denominator. Pupils found the process of multiplying or dividing to find the ‘missing’ numerator or denominator rather easy. However, the reading I conducted into other researchers’ findings of equivalence such as Kerslake (1986), informed part of my intervention for this part of the topic. Kerslake (1986), found as pupils were carrying out a method of multiplication or division to find the missing numerator or denominator, they found just over 20% of the pupils asked believed the fractions weren’t the same, but one fraction was bigger than the other (Kerslake, 1986). As I was aware of this possible misconception, I posed questions which probed further understanding into the pupils thinking of equivalence. After probing and questioning further, it became clear that the reason pupils thought one fraction was bigger than the other was simply because pupils didn’t understand what the term equivalence actually meant. Therefore, I took the relevant steps in the lesson to go back to basics and explain the keyword so they could access the work. As Kerslake (1986) reported pupils found the process of selecting pairs of equivalent fractions confusing, during my intervention I also found this was the case (Kerslake, 1986). When comparing the results of the pre and post- test the data suggests the intervention put in place aided pupils in improving, as the results of the post-test increased by 36%.

As previously mentioned, pupils feel confident when tasked with simplifying fractions as they are following the process of division. APU expressed how pupils find the concept of connecting equivalence and simplifying fractions difficult (Assessment of Performance Unit, 1978 to 1982). This is something I also found when carrying out the intervention, pupils almost looked at simplifying and equivalence as two completely different mathematical concepts. 

Diagram 1:













Question 3 asked pupils to simplify two different fractions:

a. 
b. 

This question was the most successfully answered question in the pre-test, as pupils received an average mark of 50%. This positive trend continued in the post-test as the average mark received increased to 61%. Diagram 1 illustrates how this disconnection between equivalence and simplifying of fractions is also present in the results from the pre-test. Only pupil G, L and M received correct answers for both questions; however, it is important to highlight even though these three pupils received correct answers for both questions, they may not make connections either.

Question 4 asked pupils to circle the largest fraction:


The main misconception that rose from the pre-test was the pupils believed any number of quarters is bigger than any number of eighths. As previously discussed, this misconception is the ignorance of the numerator. APU described this misconception as being filtered through from the pupils understanding of equivalence; thus, again failing to understand the concept of equivalence. An average of 29% of pupils answered this question correctly in both the pre and post-test. Interestingly, 9 out of the 10 pupils who answered incorrectly circled  as their answer in the pre-test, the same 9 pupils made the same error and circled this fraction again in the post-test. Therefore, the data suggests the intervention failed to help the pupils who did not understand this question in the pre-test, as the same pupils made the same error in the post test suggesting their misconception was still present after the intervention. However, of the 9 pupils who gave the answer , 2 of these pupils in the post-test answered question 2 on equivalence incorrectly also. Thus, suggesting 85.7% of pupils finished the intervention with a concrete understanding of equivalence.

Question 5 tested pupils understanding of addition and subtraction of fractions:
a. 	
b. 

During the intervention, addition and subtraction of fractions was spilt over two lessons. The first lesson was addition and subtraction of fractions with the same denominator, and the second lesson was addition and subtraction of fractions with different denominators. It was very clear how the pupils found the addition and subtraction of fractions with different denominators extremely more difficult. As expected, pupils had the misconception that you add or subtract the numerators and the denominators. During the first lesson I used cognitive conflict when delivering the exposition to the class. We looked at a , all pupils could visually see and understand how the two halves make 1whole pizza. Therefore, when we looked back at the common misconception of adding the numerator and denominator, the answer would have been . Pupils then saw themselves how this answer could be simplified to  which is an illogical and implausible answer. Question 5b tested pupils understanding of subtraction with the same denominator. The data showed an average of 14% of pupils answered correctly in the pre-test, this increased to 86% of pupils in the post-test. 

Kerslake (1986), concluded how the pupils lack of understanding of equivalent fractions has a negative effect on their ability to add fractions with different denominators (Kerslake, 1986). This effect is demonstrated in the results of Question 5a, which was incorrectly answered by every pupil in the pre-test. The results from the post-test showed an increase of 57% of pupils gaining a correct answer.

Question 6 and 7 tested pupils understanding of fractions of quantities:
Q6	a.  of 128	
	b. of £21

Q7
                                  In a class of 32 pupils  are boys.
                             How many boys are there in the class?

During the intervention lesson on fractions of quantities, pupils were firstly exposed to questions like that of question 6. Pupils seemed to easily understand the concept of ‘splitting the amount into the relevant number of parts, and then multiplying by the number of parts.’ Part of the lesson starter was a task that involved pupils mind mapping what they already knew about fractions of quantities, an opportunity for pupils to activate their prior knowledge, and for me to gage what the pupil’s understandings of this topic was. As I expected pupils had a good base of understanding, I pre-empted this as when I was looking at the data results from the pre-test question 6 was one of the best answered questions. 
Paivio (1990)(Cited in Chambers & Timlin) stated how, the brain takes in information, through language processes and/or visual illustrations. Chambers and Timlin (2013) add, that in mathematics the most effective learning takes place when the pupils receive information through both language and visual imagery (Chambers & Timlin, 2013). They continue to discuss how during most mathematics lessons there is a demand for pupils to learn through both processes. Therefore, within the exposition of the lesson, I used sweets as a visual aid; there were 12 sweets in total, and I wanted of them. A pupil was selected to come out and spilt the sweets into three even parts, a second student was selected to come out and count how many sweets I wanted I received in total from the parts out of the three. There was an average result of 43% in the pre-test, and when comparing with the post-test the data suggests the intervention on fractions of quantities was successful as the post-test results more than doubled to 89%.

However, when examining the data results on question 7 the data did not suggest the intervention aided the pupils understanding of fractions of quantities. Only two pupils out of the 14 received a correct answer during the pre-test, and within the post-test only 3 pupils had a correct answer. Thus, making this question the most unsuccessfully answered question in the post-test. I feel the fact question 7 was a worded problem, the pupils found this harder to access as they not only had mathematical elements to the question but also worded content. Tanner and Jones (200), deliberate how at the start of learning a new topic focus should be on computing the process, once the pupils grasp this to then introduce problem questions which articulate pupils thinking (Tanner & Jones, 2000). With this in mind, I should have spilt fractions of quantities over two lessons, as the pupils would have had more time to practice worded problem questions allowing them to broaden their thinking.

Conclusions, Limitations and future development

To conclude, the data suggests the intervention helped and equipped pupils for the post-test. The average mark for the pre-test was just over 3 marks out of a possible 13, of which two pupils gained a mark of over 50%. When looking at the data of the post test, the average mark was just over 7 marks out of a possible 13 (56%). Every pupil gained greater marks in the post-test when compared to the pre-test, pupil E had the greatest increase of marks, from 15% to 69%. Pupil M received the highest mark for the pre-test at 62%, and for post-test at 85%. Pupil E preformed the worst in the post-test and also had the least increase of marks, from 15% in the pre-test to 23% in the post-test. Exactly 50% of the class received a mark in the post-test greater than the average mark of 56%. The average correct mark for six of the seven questions increased, however, the average mark for question 4 stayed the same. 

After the intervention was complete pupils were set a homework whereby, they had to create a revision poster. The revision posters were collected in after the post-test was completed, and the posters were marked with a grade ranging from A-E. The pupils received a success criteria when the poster homework was set, with a the list of fraction topics we covered, to ensure the pupils understood what was expected of them. All pupils completed the homework set and I feel a reason for this is because School X has recently introduced a rewards and sanctions system called ‘Class Charts’. Pupils are aware that if they complete their homework, they receive positive points, if they don’t its recorded and they receive negative points. Every half term School X takes into account pupils’ attendance and their Class Charts points and rewards a certain number of pupils across each year group. When the rewards system was put into place School X emphasised to all staff how pupils are not to only be rewarded for succeeding academically but also, pupils who try hard and put effort in are to be rewarded also. This is in line with the guidance reported by the Welsh Government (2016), the report highlights student inclusion and support, and when a school introduces a rewards systems it must involve all pupils (The Welsh Government , 2016). There is a clear trend shown when looking at the post-test results and the grade received for the poster. As the pupils who received over the average mark of 56% in the post-test received a grade B and higher on the poster. Therefore, I feel this additional strand to my intervention helped pupils prepare for the post-test.

For each lesson within my intervention I feel I took the time to highlight common misconceptions. Nonetheless, as previously mentioned when I next teach the topic of fractions again, I will take an initial focus on fraction equivalence. As equivalent fractions underpin more advanced fraction work. Really emphasising how important the understanding of fraction equivalence is. Additionally, I feel looking back I could have referred and used the number line more consistently and prominently. As this would have assisted pupils understanding for several questions within the post-test. 

I feel it is important to discuss the limitations of my research, as the limitations have a direct impact on the research conclusions. After conducting the pre-test, intervention and post-test, several limitations of my research began to surface. Firstly, my research was based on one year 9 class, the sample size within the class was also small. Theses 14 pupils cannot represent a population, as the sample size was very small, thus not reflecting pupils of this age and ability nationally or internationally. Another factor is how, I chose this class meaning the pupils in this class were not a random sample. I felt the class I selected would be the most suitable class I taught for this research, as the general ability of the class would really expose the pupil’s misconceptions. 

The geographic context of the school is also a limitation, as School X is based amongst two of the most deprived areas in Wales (Estyn, 2013). Thus meaning, the pupils within the catchment area of School X are much more likely to be entitled to free school meals than a school in a more affluent area. Estyn (2014), reported how pupils who are entitled to free school meals have a greater chance of being absent from school and have behavioural problems (Estyn, 2014). Amongst the 14 pupils 43% are entitled to free school meals, meaning these pupils are more likely to have poorer attainment and be disengaged in school (Estyn, 2014). Therefore, these factors would affect the conclusions made on this particular research. Also, the research conducted in School X could not be used on a wider scale, as the findings were personal to that particular class and school; every school has their own differing context.

The pre-test took place during the first lesson of a school day, after the intervention which lasted just over a week the post-test took place during the last lesson of a school day. As the day and time of day each test was sat was different, this could cause many problems to the research conclusions. Outside factors could have affected the research, things such as activities going on in the school on that particular day, events that occurred before school started or at lunch time. 

Nonetheless, the research conducted has given me confidence to continue carrying out classroom-based research throughout my professional teaching career. DePalma (2010), expresses how no matter how difficult parents and pupils find it to understand why teachers carry out research within the classroom, research is an important part of the profession. It enables you to compare and contrast findings, allowing a conclusion of best teaching practice and strategies (Brooks, et al., 2014). As a bio-product of classroom-based research, many other skills are developed and enhanced. One example is recording and interpreting data, this will help towards the understanding of tracking and monitoring pupils, a compulsory part of the teaching profession. With research of this kind, when teaching you always have at the front of your mind a goal to extract the pupil’s misconceptions. Even though I examined readings making myself aware of the possible misconceptions prior to teaching the intervention lessons, it was important I kept an open mind to other misconceptions I didn’t expect pupils to have. Therefore, going forward I will always make sure I am aware of the most common misconceptions prior to teaching a SOW. Also, I will make it a priority within my lessons to delve into the misconceptions that arise, as this causes discussion and gives me an opportunity to explore things such as, cognitive conflict. Pupils will hopefully then have a firm understanding and see, why their current mathematical concept is incorrect and illogical, rather than just being told their current thinking is wrong.
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Pre-test results comparing question 2 (equivalnce) and question 3 (simplifying)

Equivalence- Q2	A	B	C	D	E	F	G	H	I	J	K	L	M	N	0	0	0	1	1	1	1	0	0	0	0	1	1	0	Simplifying- Q3	A	B	C	D	E	F	G	H	I	J	K	L	M	N	1	0.5	1	0	0	0	0.5	0.5	1	0	0.5	1	1	0	
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