Introduction
The School and Class in Context
Ysgol Gymraeg Bro Morgannwg is an 11-18 Welsh medium school situated in the town of Barry, South Wales. Although Barry is listed as being in the 10% of most deprived areas in South Wales according to the Welsh Index of Multiple Deprivation (WIMD) 2014 Report (Welsh Government, 2014) this does not truly reflect the catchment area of Bro Morgannwg that predominantly includes primary schools from the surrounding areas of the Vale of Glamorgan such as Cowbridge and Penarth. These areas are classed in the 20% most affluent in Wales according to the Office of National Statistics (ONS) Economic Well-Being Database 2018. (ONS, 2018). This would explain despite the location of Ysgol Gymraeg Bro Morgannwg, that the levels of pupils who receive Free School Meals at the school has a 3-year average of 7.6% which is nearly 5% lower than the local authority average over the same period (My Local School, 2018). Ysgol Gymraeg Bro Morgannwg also has a much lower than average of ethnic minority pupils at the school standing at just 4% compared to the national average of 12.1%. There are currently 1070 pupils between the ages of 11 and 18 attending the school, with 160 in the year 7 intake. The split between boys and girls in this year group is 77/83. The class that this research was conducted on lays within this year group. In year 7 mathematics teaching within the school is done in mixed ability classes due to timetabling and registration class restraints. The year 7 class referred to within the research consisted of 30 pupils with a 11:19 boys to girls split. One pupil in the class has a statement of education needs and receives one to one support across all subjects including mathematics.

Research Topic
The focus of this research paper is to explore the misconceptions that are present within year 7 on the topic of fractions and assessment of the effectiveness of a targeted teaching intervention to address and correct these misconceptions. This research was informed by previous work by Foxman et Al (1985) that suggested a large proportion of pupils of secondary school age had some form of misconception within mathematics and the topic of fractions featured heavily in their work in addition to special emphasis on the misconceptions many learners had in other areas including, decimals and the meaning and interpretation of numbers (place value and negative numbers). The intent of this research is to identify the presence and range of these misconceptions in the year 7 mixed ability class. Further to this the research aims to examine how successful the implementation of a scheme of work and learning interventions designed to address many common fractions misconceptions is. 




Literature Review
What are misconceptions? And what misconceptions exist within fractions?
Fractions as a subject within Mathematics has always been considered difficult by learners and perhaps this is where the problem lays. Fractions as a subject, rather than a concept. The importance of teaching mathematics as many interlinking concepts is not a new idea. The emphasis in the education setting of progression from subject based teaching to that of a concept model was widely discussed in work by Posner, Stike, Hewson and Gertzog (1982) with further work by Űlgen (2001) stating that learning of concepts begins at birth and is a skill that theoretically continues throughout an individual’s whole life. An extrapolation made by many on this assertion is that teaching a concept enables better understanding of core fundamentals and therefor results in greater retention of knowledge because learners not only possess superficial knowledge of rules to be followed but also have an understanding of why those rules work. According to Senemoglu (2013) this concept approach to teaching and learning should result in enhanced cognitive development within any aspect of the curriculum because concepts can be taught within a context as something real-world and tangible to the learners. Altun (2004) goes further to say that concept-based knowledge is better perceived as building blocks to future academic achievement. There are many similarities between subject/concept discussions and that of instrumental/relational learning. Work by Skemp (1978) advocates that for pupils to truly learn that they need to not only understand how, but also why certain mathematical approaches can be taken. Furthermore, Hillman (1995) suggests that the more learners are exposed to mathematics as a group of concepts and the more relational teaching they receive the easier it becomes for them to make connections between areas of learning and as such they have an enhanced mathematical skillset that will enable them to better deal with mathematical problems.  However, Ausubel (1968) highlights that conceptual understanding depends on the cognitive level of the learners and warns that although for many to gain a conceptual understanding a number of carefully planned teaching strategies must be put in place as not all individuals learn at the same rate or in the same way. 

Hammer (1996) explains that it is this variation in learners’ cognitive ability that can lead to individuals developing misconceptions and defines a misconception as a wrongful perception of a concept that develops in opposition to the true meaning of that concept. Within literature there are many iterations and definition of what exactly constitutes a misconception. Generally, it is accepted at a misconception is a misunderstanding of concept at an individual learner level who has misinterpreted the meaning of a concept and formed incorrect information about its meaning. Ojose (2015) indicates that learners form misconceptions because of their overriding need to make sense of new information or instruction they receive. Often trying to relate this new concept with previous learning in a mis placed way. An example given which related to this research paper is shown below 



Previous learning on whole numbers has taught a learner 1 + 5 = 6
The learner is presented with addition of fractions and given the following problem:

There are a number of ways in which a learner could have a misconception with this type of question, most commonly if a learner has a fault in the understanding of the underlying concept of fractions as ‘part of a whole’ then there can be the tendency to revert back to previous learned methods and as such results in the answer being given as shown below:


This type of answer could however be seen as an error. Indeed, it is incorrect, but it raises the question about the true meaning of a misconception. Lunete and Makonye (2010) demonstrate in their work that learners and often teachers do not distinguish incorrect answers in terms of misconception or errors. They state that although misconceptions are a sub set of errors, that not all errors are due to misconceptions but importantly not all misconceptions result in errors. An example of this is shown below:

Previous learning on whole numbers has taught the learner 6 – 3 = 3
The learner is presented with subtraction of fractions and given the following problem:

There are a number of ways in which a learner could have a misconception with this type of question, however applying the logic from the previous example a learner could take the following approach:


Although the final answer is correct the learner shows the presence of a misconception in the means of calculation. 
This differs from errors that are catagorised by Hodes and Nolting (1998) in three ways: Careless errors, Procedural errors and Application errors.
Careless errors are the most common errors whereby the learner makes a simple mistake, maybe in notation of a question, + sign in place of a multiplication notation, simple calculation error etc. Procedural errors are when learners although demonstrating sound understanding of a concept simply mis a calculation step within the procedure and arrive at an incorrect answer. An application error is explained to be when a learner applies an incorrect concept to the problem they are facing. 

It is therefore understandable why Erylizman (2002) emphasises the importance of educators being aware of the common misconceptions within their subject area and being able to recognise them in pupils work so as teachers they can focus on these misconceptions to ensure that learners don’t get a deeper-rooted feeling that the misconception is an accurate way of solving the problem. The importance of recognizing any misconception early on within a learner’s grasp of a concept and teaching to overcome it is of benefit during later academic life as the longer a misconception is allowed to develop the harder it becomes to overcome (Driver & Easley, 1978; Mestre, 1987; Pesen, 2007). Minstrell (1982) goes as far as to say that intreated misconceptions lead to profound permanent obstacles that prevent learners from being able to develop a correct conceptual understanding of not only the topic in which the misconception exists but also many other peripheral concepts. This according to Yang and Lin (2015) since mathematics is often circular in its conceptual development a misconception at base level can have weighty detrimental effects on learners being able to access new learning. Sandir, Ubus and Argun (2007) published research that went further and stated that they had found a trend between student who showed they had misconceptions in one concept and declining ability in more advanced topics due to restrictions of attaching those base level misconceptions to the more advanced but connected topics. 
Fractions are one of those base level topics in which misconceptions are rife, and in accordance with the previously mentioned literature fractions misconceptions pose a threat to learners being able to achieve well in other connected topics such as decimals, percentages and ratios which are beyond the scope of this research paper. 
The focus of the remainder of this literature review will be to explore common misconceptions that have been found to exist within the topic of fractions. Further to this the literature review will then continue to discuss the suggested teaching strategies that can be used to not only combat the development of misconceptions from the outset but also to remedy any misconceptions that may have been previously developed by learners. 
Early development of misconceptions
Morgan, Watson and Tikly (2001) argue that many mathematical misconceptions develop due to teaching styles and methods at a primary level, often because learners are sheltered from certain topics and mathematical outcomes. The example of this the give is subtraction. 
Primary school age children are more often than not taught that you always subtract the smaller number from the bigger number. 
9 – 6 = 3
However, this can cause problems with their conceptual understanding of the meaning of value numbers when they are introduced to negative numbers, because despite their previous learning you can subtract the bigger number from the smaller number. Evidence of this can be found in work by Littler and Jirotková (undated) who found that 90% of children at primary school age when asked; What is the smallest number? would answer, Zero, because “zero is nothing, and I can’t have less than nothing”
Further to this Morgan, Watson and Tikly (2001) go on to say that a common teaching that forms a misconception in fractions is that children at primary school age are taught that multiplying two numbers results in the answer being ‘bigger’ 
6 x 4 = 24
Within the context of fractions this causes problems for the learner when posed with questions such as 

Firstly, learners may have learned the technique of multiplying fractions correctly, they can learn a ‘rule’ without a relational understanding. When asking a similar question to 14-15 year olds SanGiovani (2016) found that 60% got the answer correct.

But when asked to explain their answer many replied that it was because they had learned you multiply the tops and multiply the bottoms. When further questioned on their answer and whether  was therefore bigger or smaller than either of the other fractions a surprising 42% answered that it was bigger. Relating these findings back to Morgan, Watson and Tikly (2001) it can be seen that the primary school teachings can both introduce misconceptions and reaffirm inform further misconceptions. In this case the further misconception being developed is that  is bigger than 
Ordering Fractions
The value of a fraction is common misconception that exists. This can take a number of forms. Work by Pearn (2017) showed that when asked to order fractions these were the common misconceptions that existed. [image: ]
The work conducted found that only 15% of the year 8 student that were asked to order these fractions, chose to find equivalent fractions and then compare them. It is interesting to see in the given example, that students who exhibited the misconception that the numerators put in order related to overall size of the fraction, got the answer correct. Relating back to work by Lunete and Makonye (2010) this misconception did not result in an error, and it reaffirms views by Moss and Case (1999) that teachers need to be aware of common types of misconceptions and adequately question learners to be able to assess if misconceptions exist. A questioning/assessment strategy suggested to be used in this instance can be found in work by Mack (1990) who suggests a three-step approach be taken. 
Step 1: Ask learners to order fractions that all have the same numerator but different denominator, this will allow a teacher to gain information about those students that show tendency to order fractions smallest to largest by putting the smallest denominator as smallest fraction. 
Step 2: Test learners response to questions that contain differing numerators but same denominators, if learners put the smallest numerator first then this will show they disregard the denominator entirely when considering order.
Step 3: Present learners with fractions with mixed numerators and denominators. This presents the most challenging assessment as there are a number of misconceptions that can be shown. It is important with these mixed questions that student be given the chance to attempt multiple questions to emphasis the misconceptions they have as like in the example above some misconceptions can result in correct answers to certain questions. It is therefore important to vary questions so that the correctly incorrect answers do not happen in isolation and go undetected. 
The correct methodology in the mixed numerator and denominator examples would be to find equivalent fractions before being able to compare them, however this raises issue with another common fractions misconception of equivalence
Equivalence of fractions
Wong and Evans (2007) explored the misconceptions that exist within children in year 3 – 6 (approximately 8 to 12 years old). Similarly, to Ni (2001), Wong and Evans (2007) found that many learners showed the mastering of the rule: to find an equivalent fraction multiply or divide the original numerator and denominator by the same number and you’ll find an equivalent fraction. This again shows that learners can learn a rule and gain an instrumental understanding of how to solve a problem of equivalence. However, Cathcart, Pothier, Vance & Bezuk (2006) argue that this understanding should be developed relationally so that learners are able to see a set of equivalent fractions are interchangeable, for example  and  refer to the same relative amount. Niemi (1996) goes further to say that if a learner has this relational understanding then they can more easily represent this knowledge in various ways including verbally, in mathematical notation and pictorially. 
Hart (1981) also investigated the misconceptions that exist within equivalent fractions. 
They found that when learners were asked to write an equivalent fraction to

the most common answers were 

Simply put the learners were able to successfully write equivalent fractions but tended to use the ‘doubling method’ to achieve success. It is also noted that only 5% of the 10 to 15 year olds asked also wrote ½ as an equivalent fraction.
The success rate dramatically fell when learners were posed with questions where part of the equivalent fraction was already given.
Learners were asked to fill in the missing values in the following questions.

A number of misconceptions emerged from these types of questions.
Firstly, there was a misconception to try and find an ‘addition rule’ to solve the equivalence so the answers were presented took the following form.

With learners explain their answers as ‘to get from 7 to 14 you add 7. You have to do the same on the top 2+ 7 = 9’
Secondly, some learners took the ‘difference rule’ and applied it to their answers

With learners explaining that the difference between 3 and 10 is 7, so they added 7 on the bottom to find the missing number.
It is interesting to see that both these misconceptions resulted in the same incorrect answer for the third example. 
For those learners who had answered the example above correctly, the following question was asked.

Only 4% of the 14 year olds correctly answered the question, and this rose to 5.6% of 15 year olds with common answers following the ‘addition rule’ for the denominator. The cost common answer for the last fraction was a denominator of 21. 
Pictorial Representations. Help or hinderance?
Upon researching many primary school teaching resources aimed at year 5-6 there was a developing theme that fractions are often introduced and taught pictorially.  Pictorial representations are described as ‘simple representations’ in Wong and Evans’ (2007) work. The work warns of the potential hazards of their sole use and the conclusion drawn is that although initially pictorial examples can help build a foundation for understanding that the reliance of learners on this form of learning limits their ability to adapt to new concepts. This is a view shared by Gould (2005) who suggests that pictorial representations during fractions teaching can lead to misconceptions. This is due to the way early introductions to fractions concentrate on the idea that fractions are part of a whole. Experienced teachers often explain fractions as part of a whole that has been divided into equal parts. An example below askes student to colour a given fraction of the shape that has been portioned already.
[image: ] 
For example (a) and (f) the majority of children are able to shade ¼ correctly, as they recognise from teaching that these shapes are split into 4 equal parts and therefor they should colour 1. However, this logic was also applied to example (b) and (c) despite them being split unevenly. Most left (d) and (g) unattempted as these shapes were not split into 4 pieces therefor they couldn’t colour ¼. This was explained by Gould (2005) as a result of learners not associating a fraction as being a tangible number but rather an abstract concept related only to partitioned shapes. This finding is supported by work by Fisher (2009) that found the pupils exposed to the analogy of pizzas being divided into fractions even have difficulty transitioning to the partitioning of other objects, like a square cake. These difficulties are extended to the pupils’ ability to partition using odd numbers. Many were familiar with the concept that ¼ was half of a ½ but became very confused when asked to share the pizza between 3 people as they were unable to use the taught techniques of half it and then half it again.
Similarly, as the pupils were taught partitioning of a shape on a circular based object they tended to try and apply this technique to non-circular shapes as shown below
[image: ]About 20% of the pupils participating in the trial tried to partition the square as if it were a circle. 
[image: ]In contrast almost 50% tried to partition a hexagon using vertical partitions, failing to see the rotational properties of the shape and partition accordingly. 

Anthony and Walshaw (2003) presented another misconception that could be re-enforced by pictorial representations, this under the umbrella of the addition and subtraction of fractions.
They suggest that the pictorial representation of ½ a pizza added to ½ pizza as in the example below, can lead students to believe that  pizzas were there. 
[image: ]
When asked to qualify the answers they gave 25% of pupils gave responses following the common theme that there were 2 pieces of pizza out of 4 possible pieces. This is an example of how student develop the misconception of adding the numerator and denominator when adding fractions.
Addition and Subtraction of fractions
These group of misconceptions were studied by Woodward (2017) who collected the following results:
	
	12 year olds
	13 year olds
	14 year olds
	15 year olds

	

	8.5%
	19.7%
	14.3%
	16.7%

	

	18.3%
	29.1%
	21.8%
	19.9%


 
12 year olds on the whole did better with addition and subtraction of fractions, it is argued by Fuchs et al (2016) that this may be to the ‘newness’ of the 12 years old acquired knowledge of adding and subtracting fractions. As a topic that is introduced to pupils at that age they argue that even a weakly built instrumental understanding was more likely to be remembered that close to the information being delivered. They developed this point to say that the increasing ages of the children tested would inherently mean that they had been exposed to more and more topics, with limited availability in the instrumental memory for the rules to be applied in any given situation the pupils were more likely to have simply forgotten what to do, and as such constructed a misconception to bridge the gap in their own knowledge. This related back to earlier points that children learn 2 + 1 = 3 and they apply the same logic to fractions as they seem them as a collection of two numbers with a special mathematical notation rather than as a collective term relating to one number. 
Fractions as a number, rather than parts of a whole
Schneider (2011) emphasises that early introduction to pupils of fractions as numbers rather than parts of a whole could decrease the number of pupils that form some common misconceptions. It is argued throughout the work that connecting the meaning of fractions to that of equivalents such as decimals and percentages the learner can more easily form a relational understanding that would allow them at an individual level to challenge their own answers. One test used to diagnose this misconception is the use of fractions on a number line. Student were familiar with the concept and asked first to answer the following example:
[image: ]
Many students logically saw that the number line had been divided into 5 parts and correctly divided 100 by 5 to realise that each mark required a ‘gap’ of 20. However only 12% were able to answer the same question when asked to write the fractions required on the same number line when it was numbered between 0 and 1. Responses included results such as the following
[image: ]
However some did not attempt and gave responses such as ‘but you only put numbers on number lines’ and ‘I know half is in the middle but not what the other ones mean’ In contrast to this when asked to show which decimals belonged on the number line between 0 and 1 60% of pupils were able to correctly answer 0, 0.2, 0.4, 0.6, 0.8 and 1. These results support the previous assertions that connection fractions to decimals could aid pupils be able to answer these types of questions if 0.2 and 1/5 became as interchangeable within a child’s mathematical knowledge as 1/5 and 2/10 then reasoning could be improved.

Implications for teaching
Tanner and Jones (2000) state that for the effective teaching of mathematics teachers should be aware of common misconceptions across the subject and be armed with a plethora of strategies to deal with these misconceptions when they arise in the classroom. They explain for these teaching strategies to be effective they need to allow learners to build new information and connect it that of previous (and correct) knowledge. This type of learning is classified as constructionism, which is a derivative of constructivism. Constructivism is a theoretical consideration of how humans gain knowledge. Piaget (1971) developed the theory of how humans learned based on their experiences and interactions. There are a number of studies that support that when educators embrace the teachings of Piaget’s work that they find results tend to show an upward bias. Guthrie et al. (2004) studied and compared three differing teaching approaches to year 3 reading aptitude. Firstly, they took a more traditional approach whereby learners followed practises that had been long standing in the school of how reading comprehension should be taught. Secondly, they trialled a strategies instruction only approach. Whereby student was merely told what they should do and given ample time to practise this newly instructed method. Thirdly they explored an approach with strategies relating to constructivism whereby the students were encouraged to collaborate with one another, with the teachers and were given choices about the course of their own learning. The work reports that students, due to an enhanced experience of learning had better reading comprehension as the retention rates of knowledge was higher than using other teaching techniques. Further research on this by Kim (2005) purports that student actually rate a constructivist approach to teaching as more enjoyable, and as such suggests student higher achievements are due to them being able to relate learning to a positive experience. However, Matthews (1993) disagrees and argues that especially for mathematical and scientific learning no matter the enjoyment a child may experience during learning under a constructivist method that the child will now be able to learn due to constraints on processing proficiency and working memory which in most cases are subject to the child age. He goes further to say that regardless of the level of activity during the learning if a child is subject to exceeding their processing proficiency then a new concept can inherently not be learned. Taking a more balanced view Mayer (2004) argues that not all teaching techniques based on constructivism are efficient or effective for all learners. He discusses that many educators mistake students being physically active in the classroom as constructivism, where they should concentrate on students being cognitively active and following the teachers modelled and guided practise instead to avoid falling into the ‘constructivist teaching fallacy.’
The idea of learners’ cognition and ability to learn new concepts based on previous learning was also discussed by Chambers and Timlin (2013) who suggest an effective way to overcome a misconception was to cause a cognitive conflict within the pupil. Effectively this approach requires a misconception to be introduced to the learner in a way that is readily disproves the very misconception the learner has. An example of this could be done using addition of fractions. Learners from a young age (as young as 7) are introduced to simple fractions such as halves, and many will automatically state that two halves make a whole, however when confronted with that using mathematical notation many will answer as seen below:

But when confronted with this spoken verbally ‘if I eat one half of a cake and then I eat another half, how many cakes have I eaten? the answer would be 1. The student would then be asked to look again at the sum they have just completed to realise their own error. This example does require the student to have a basic understanding of equivalence so that they can also perceive the 2/4 and a half to be able to assess the answer is incorrect. Tanner and Jones (2000) advocate that as a teacher introducing cognitive conflict alone is not enough to correct a misconception but that this should be followed by resolution or repair of the cognitive conflict through discussion, classroom support and where appropriate the correct use of visual aids.  Askew and William (1995) suggest that an effective method to help student disprove their own misconceptions is to allow them to ‘mark’ incorrect answers that other students have given. The emphasis the importance of ensuring that the students understand this wrong work is not from anyone in their class or even school, as to not discourage them from answering anything in the future. When set collaborative tasks within small groups to not only identify but also correct the mistakes of others, student were likely to be aware of misconceptions in their own work and better placed to self-evaluate. 


School Policy and Practice (500 words approx.) Examine briefly the school and/or departmental policy (where one exists) in your chosen area. Look at how it links (or doesn’t) with your readings. Where a specific policy is not available, explore any other guidance (schemes of work, for example) and practices. 
There is no specific department policy with regards to the teaching of fractions in Ysgol Gymraeg Bro Morgannwg. However, there is a scheme of work that details a rough amount of time that should be allocated per topic across the mathematics curriculum and the sub topics that should be covered. This is done across all year groups. A more specific scheme of work is available for years 8+ as these classes have been subject to setting into classes based on ability and potential attainment. However, as year 7 are taught in mixed classes the scheme of work is fairly broad. The year 7 scheme of work details that there should be 5/6 lessons dedicated to the topic of fractions in the spring term. These 5 lessons should cover:
· Representing a fraction and what fractions mean.
· Fractions and equivalent fractions – Learners should be able to use techniques such as finding the highest common multiple to find equivalent fractions and use this to compare the size of fractions
· Fraction of a quantity – Learners should be able to calculate a fraction of any given quantity using the divide by the denominator and multiply by the numerator method. For halves learners should know this means divide 2, quarters can be modelled as half and then half again. 
· Adding and subtracting fractions
· Learning to convert between mixed numbers and improper fractions. 
The department does have preferred resources to be used when delivering this scheme of work, however they advised that for the purposes of my development and learning on the PGCE course that they recommended I create original resources for my class. The reasons for this was two-fold. Firstly, as my research assignment was based on this topic they suggested that I use only original resources of my creation as to not question the validity of my results. They were also interested to see the types of resources that were created after my initial reading and research was done as a way they could assess changes they could make to departmental resources to approach teaching of this topic in a different way. 
Initially when overviewing of the departmental resources it became clear that towards the beginning of the scheme of work there was a heavy emphasis on pictorial representations. Especially when looking at the lessons on representing fractions. Many of the available work sheets and exercises contained questions such as colour x amount of this shape. One thing that stood out when viewing these resources was the limited opportunity for pupils to partition their own shapes. The drawback to this as mentioned by Fisher (2009) is that the pupils then relate partitioning back to a shape the are familiar with, and often partition incorrectly as a result.
Fractions of a quantity lessons were among the resources in which there was the most variety across the department. Ranging from problem solving exercises, group work and also conversions between fractions and other notations of quantity such as decimals (which had previously been covered before the teaching of fractions). This diversity in teaching styles showed the most elements of constructivism than any other learning goal in the scheme of work, with children being encouraged to be engaged and collaborative with one another to find answers.
Both adding and subtracting fractions lessons and conversation between mixed numbers and improper fractions took a more traditional approach where pupils were encouraged to write examples and modelled answers before practising the skill through worksheets and exercises from text books. One justification for this was that given the mixed ability of the class a number of students would find a more relational teaching style harder to understand and for the purposes of the mixed group a decision was taken that alternative method to these topics would be taught next year once the classes were set based on ability.



Ethical considerations
This action research has been conducted in accordance with the British Educational Research Association (BERA) Ethical guidelines (2011). In addition to this procedures and guidelines of the Yr Athrofa Ethical Guideline have been adhered to and considerations were made based on the British Society of Research into learning Mathematics (BSRLM) – Ethical Guidelines. 
Methodology
Action Research within an educational research context was first defined by Lewin (1946) to mean comparative research into a given situation, problem or social action which then informs changes to that situation, problem or social action. In further works Lewin (1958) devised a three step approach to describe how action research works as shown in the diagram below:
[image: ] 
The input phase of this action report took the most consideration. Foremost was the question of how best to collect data for a preliminary diagnosis. For this the decision was made to conduct a review of relevant literature in order to ascertain information already available and research already conducted on my chosen topic. This research and literature review then informed the decisions made about data collection/ data gathering. Numerous other research conducted on the topic of fractions misconceptions leaned towards the pre-test, intervention, post-test methodology. The benefits of this were stated by Richard (2017) to be that quantitative data could be collected which could clearly assess the levels of misconception present in the sample group. He goes further to say that this then allows for a less biased comparison of results after the post test phase as the quantitative data leaves less room for interpretations versus other data collection techniques such as interviews. Interviews were considered as part of this research as Edwards (2013) suggests that interviews with participant allow researchers to gain a better understanding of responses. This is explained to be the conclusion as interviews allowed for more open-ended responses to question therefore allowed participant to express their true answers without the restraint of having to conform to tick box selections or making generalised statements. Conversely Alshenqeeti (2014) expresses the limitations of such data collection methods such as not only how time-consuming interviews and the subsequent transcribing can be but also the validity of answers to questions that are open ended and give no guidance. He develops on this idea to say that interviews without well thought out questions can lead participant to become confused with what is being asked of them and as such give misleading answers. The validity of answers is a topic explored by Ho (2006) and Patton (2002) who both conclude that although interviewing can be a powerful tool during research to gain insight into participant that other strategies, such as observations of behaviour can yield the same benefits as interviews without the same time burden. Another consideration was the use of questionnaires, however previous misconceptions studies have shown that misconceptions are not something that pupils recognise themselves as having and therefore asking pupils to answer questions on their misconceptions would not be appropriate or give an accurate representation of the situation. For this reason, questionnaires were disregarded from the considerations relating to data collection. 
Pre-test information once collected could then inform the interventions chosen to put in place to address the misconceptions that were found to be present in the sample class. This equates to the action phase of the action research methodology. On the one hand although planning interventions is informed by the initial data gathering phase as time went on the feedback loop could be instigated based on further observations made by the researcher (me) in the classroom. Reflection and the benefit of this feedback is said by Maranzo (2003) to be that interventions become more refined and effective as they are based on a more holistic approach to the data being gathered rather than role reliance on a small sample of initial data. He continues to argue that the initial data should be treated as a snap-shot or starting point but that a more accurate realisation of the data comes by experiencing learning through the pupils’ eyes once a teacher is more aware of misconceptions that exist.
Post-test results will then be quantitatively analysed to assess the levels of improvement in student ability to answer questions correctly to show that misconceptions have been overcome by use of the intervention put in place. 

Evaluation (2000 words approx.) Explore your sequence of lessons, making clear links between your practice and the reading which underpins it. Evaluate your tasks, resources, approaches and methods making close links to reading. Examine and present any results/findings clearly and provide links to your reading. 
Before commencing on developing an intervention related to combatting fractions misconceptions it was important to collect data relating to misconceptions already found within my research subject group. This would then allow a more informed approach to the sequence of lessons. The reasons for this are two-fold. Firstly, the pre-test would allow me as a researcher to gain a better understanding of levels of knowledge within my mixed ability class. Felder and Brent (2005) list this as the key to creating any successful teaching interventions. Secondly, the pre-test information would allow me to assess common misconceptions that existed within the class, this in turn would enable me to be better placed to devise teaching strategies that could highlight and correct the misconceptions found as suggested by Tanner and Jones (2000) the most effective teaching strategies are formed by the teachers most informed about the misconceptions that exist within their class. The test given to pupils is included as Appendix 1 to this research paper.
The test and how initial findings informed intervention development
The test was designed in a way that it specifically set out to find misconceptions in the following areas of learning:
1. Representation of fractions
2. The value of a fraction
3. Understanding equivalence
4. Addition/subtraction of fractions
Representation of Fractions
[image: ]Questions 1, 3 and 4 all contain elements that fit into this area of learning. Question 1 is designed to assess whether students correctly identify the fraction of a shape that is already partitioned. The common misconception that may arise here is a student may be following in patterns found in work by Wong and Evans (2007) that some students rather than answering partitioning questions with answers equal to part of a whole, that the answers are written as part over remaining parts. As given in this example. When asked to write the fraction of the boxes that were labelled as R for red, a third of pupils wrote that 1/3 were red. The rational for this was that one is red, and the remainder were yellow hence 1/3. 
Question 3 is designed to assess if students can successfully partition a shape given to them, creating parts that are equal in size. This is then developed further to assess that a student knows that once the shape is partitioned that the numerator determines the amount of partitions that require shading. This crosses into the territory of understanding the value of a fraction. This question was informed by findings of Gould (2005) that student tended to show bias towards partitioning a given shape based on previous experiences with that shape. 
Question 4 further develops on the idea of partitioning to assess if students recognise when a shape is not partitioned correctly if they can still deduce what the correct answer to the question should be, an approach that I adapted from research conducted by Fisher (2009). 

The value of a fraction
The learners are assessed on their understanding of a value of a fraction during question 2. They are asked to answer whether a series of fractions are in ascending, descending or no order. Results gathered will be compared to similar questions posed in other research such as that by Pearn (2017).
Understanding Equivalence 
This is a topic that is merged with a number of other questions but can mostly easily be assessed by collecting the results of question 5. Despite findings by Hart (1986) that the task of finding an equivalent fraction when presented with more than one in a sequence proved the most difficult for learners the rationale behind including this type of question was that common misconceptions would be show for the lower attainers in the class regardless of complexity, but this question gave scope to uncover perhaps misconceptions that existed within the more able members of the classroom.
Addition/subtraction of fractions
This question is used to assess both understanding of equivalence and ability to understand how addition of fractions works on a practical level. Learners may show misconceptions here based on their approach to the question with many likely to demonstrate the addition of the numerator and addition of the denominator misconceptions discussed by Anthony and Walshaw (2003).
Pre-test results and implications for intervention resourcing.
	Question 
	Answer
	Percentage of the class

	1a - What fraction of the shape is shaded
	3/12
	86%

	 
	3/9
	14%

	1b - Simplify this fraction
	1/4
	72%

	 
	1/3
	8%

	 
	Other 
	20%

	2a - Mark whether these fractions are in ascending, descending or no order
	Ascending
	42%

	 
	Descending
	58%

	 
	No order
	0%

	2b - Mark whether these fractions are in ascending, descending or no order
	Ascending
	36%

	 
	Descending
	46%

	 
	No order
	18%

	2c - Mark whether these fractions are in ascending, descending or no order
	Ascending
	36%

	 
	Descending
	48%

	 
	No order
	16%

	3 - Colour 7/8 of this shape
	Correct
	52%

	 
	Showed correct partitioning, but incorrect shading
	8%

	 
	Incorrectly partitioned, correctly shaded
	28%

	 
	Incorrectly partitioned and incorrectly shaded

	12%

	4 - Is 1/4 of this shape shaded?
	Yes
	24%

	 
	No
	76%

	5a - Equivalent Fractions
	Correct
	28%

	 
	Incorrect
	72%

	5b - Equivalent Fractions
	Correct
	24%

	 
	Incorrect
	76%

	5c - Equivalent Fractions
	Correct
	20%

	 
	Incorrect
	80%

	6 - Addition of fractions 1/3 + 1/6 
	3/6 or 1/2
	28%

	 
	2/9
	60%

	 
	other
	12%



From the initial result contained in the table above, it can be seen that the weakest area of fraction knowledge is within the topic of equivalence. As such the decision was made to dedicate more time to deepening understanding of this area of fractions in order to support overall levels of achievement. Concentrating on equivalence has been shown by Russell (2007) to improve concept knowledge of most areas of fractions as it allows students to see any given fraction as a wide variety of other interchangeable fractions allowing students great scope for problem solving. With this in mind I developed my teaching resources in a way that allowed equivalence to feature in every lesson. 
The first lesson covering the meaning of a fractions introduces student to many ‘fraction fact finding’. These cover many teachings that student will have received at a primary level. The resource allows children to follow clues and fact in a treasure hunt style activity collecting statements along the way. Some of these statements are factually correct and some are not. The intention then was to collate these facts in a classroom environment and discuss their merits. A PowerPoint presentation was prepared to include some of the major misconceptions that students bring with them from primary school to aid the discussion. As this was being used in a mixed ability class I found that the level of teacher interaction required was minimal. Learners were guided through discussions but more often than not were able to arrive at correct conclusions through pupil led learning due to the presence of 5 more able and talented pupils and 6 others who were recognised as being high attainers. My role as a teacher during this initial ‘fact finding’ session was that of mediator. I was also able to stretch discussion to include any points that were missed. Following this discussion students seemed engaged in the learning and eager to proceed. As a way of classroom management to ease the transition between a very active discussion, learners were given a mini-plenary task to write three new things they had learned in the lesson, and three things they would like to learn more about. This gave the opportunity for those that had perhaps not taken part in the discussion to air their views on a more private platform. The lesson then moved on to take a more traditional style whereby the class received a small presentation relating to the partitioning of shapes into equal parts. Emphasis was put on this phrase and it was repeated several times by myself whilst delivering the presentation. After reading work by Leask and Paschler (1999) I was eager to ensure student were given the opportunity to say key words as it often results in better memory of the topic and concept if it is said out loud. Following this children completed an exercise in which they portioned and shaded a variety of shapes. This came after they had received a modelled answer on the interactive whiteboard as to whether a shape could be appropriately partitioned in certain way e.g. a circle partitioned in straight vertical lines. Upon reflection and discussion with the class teacher the second part of the lesson was suitable for the lower attainers in the class, but further extension work could have been of benefit to the MAT pupils such as partitioning of more complex shapes, or equal partitioning of multiple shapes that constituted a whole.
Lessons 2 and 3 concentrated on equivalence. It is department policy that the starter of each lesson is a combination of 8 questions relating to the lesson objectives. Questions 1, 2 and 3 should be easily achievable to inspire confidence, question 4, 5 and 6 are designed to access students prior learning to allow then to access the lesson and question 7 and 8 are more often than not extended/open questions that practise numeracy skills that do not need to be related to the lesson. For these 8 questions learners were asked questions like what is 3 divided by 6, what is 5 divided by 10 and then connections were made between all of the answers equalling 1/2. 
This developed into the beginning of the lesson which started with a mini whiteboard activity to get children to write any division sum they could think of that resulted in the answer of 0.5. This ‘show-me’ exercise allowed me as a teacher to quickly assess the pupils understanding as a form of assessment for learning before moving on with the lesson.
These pupils led answers were then summarised on the whiteboard and each pupil made a note that these various division sums equalled a half. This was then developed to show pupils that any division sum could be represented as a fraction, this time ¼ was the focus of the answer. Learners then explored other fractions that were equal to ¼ and encouraged to use the following notation.
 
A class discussion was had relating to any patters or trends pupils could see within these equivalent fractions. Typical answers were that ‘you add four on the bottom every time’, that allowed discussion to develop to introduce the concept that for fractions to remain equivalent then the numerator and denominator must be treated the same way. This challenged the pupils thinking as they could see that ‘adding four’ made no sense when they could see the numerator only increased by 1 every time. Pupils were encouraged to see connections between the first fraction and any subsequent equivalent fraction. One pupil responded and correctly realised the connection was a multiplication rather than addition. This understanding was then qualified by another modelled example on the whiteboard before pupils were given a worksheet with varying questions. This lesson was concluded the a quickfire whiteboard game where students had to write an equivalent fraction to one shown on the whiteboard.
The third lesson although concentrating again on equivalence introduced the concept of writing a fraction in its simplest form. The 8 starter questions encouraged pupils to think of equivalent fractions mainly concentration of equivalent fractions that are more than the original e.g. 1/8 = 2/16, 3/9 = 12/27 The 8 questions also included examples of finding the highest common factor of two numbers as this skill would be used in the lesson.
Pupils were encouraged to show workings when showing the highest common factor by listing factors and circling the highest one that both numbers had in common. An example question on the 8 questions was 25 and 35 as this allowed the pupils to practise writing a larger number of factors than if the question stated 5 and 10. 
Further to this pupils were posed the with following question. How could you write 25/35 more simply? Discussion was then had to connect the question to the skills practised as part of the 8 questions. Pupils were encouraged to write the factors for the numerator and denominator separately and then find the highest common multiple and circle it. Using this highest common multiple pupils then had to divide the numerator and denominator by this multiple to arrive at a conclusion for the simplified fraction. This new learning was also then re-affirmed by connecting it with the previous lesson. Pupils were encouraged to find the various equivalent fractions for the simplified fraction until they reached the original fraction they had simplified. An example to this is as follows
1) Ysgrifennwch 12/16 yn ei ffurf symlaf.
[image: ]

2) Gan ysgrifennu ffracsiynau cywerth i’ch ateb yng nghwestiwn 1, profwch bod 12/16 a’ch ateb yn gywerth.
[image: ]

The last lesson concentrated on the addition and subtractions of fractions. After completing the 8 questions, pupils were introduced to adding fractions with the same denominator depicted using pictures (bars) and shown that addition and subtraction left the denominator unchanged, but the operating function took place on the numerator only. Each time a different example was shown on the whiteboard the pupils were asked to stand if the sum had fractions with the same denominator. If the pupils were standing, then they were told that the sum could be done. Then the pupils were given an exercise to complete with the addition and subtraction of fractions that have the same denominator. This was then repeated for fractions that had denominators that differed from one another. E.g. 1/5 + 1/10 The class was asked – Is there way we can represent these fractions in an equivalent way to make the denominators the same. After some discussion the sum was re-written on the next slide to say 2/10 + 1/10. The children then stood as they recognised the denominators were the same and so they can add or subtract as they had previously practised. I chose to use this physical cue to emphasis learning based upon reading works by Prince (2004) who found that learning when associated with a verbal or physical cue showed a tendency for longer lasting retention and understanding. It is explained that the reasoning for this is that students find it easier to remember that when a certain condition is met a cue is expected, which then leads to them more readily being able to recall why they possess that cue and for what purpose. Although initially student felt the need to exhibit that cue the next time the encountered a similar task that overtime the cue was removed but the association and underlying knowledge the cue re-enforced was still prevalent. During the remainder of the lesson pupils were set a worksheet task to calculate addition and subtraction of fractions sums and encouraged to use the physical cue whilst completing their work. This worksheet was varied between fractions that had the same denominators and fractions that had different denominators, so the pupils didn’t have to exhibit the cue every question. 
[bookmark: _GoBack]Post-Test results and conclusions and limitations.
	Question 
	Answer
	Percentage of the class - Pre-test
	Percentage of the class - Post-test

	1a - What fraction of the shape is shaded
	3/12
	86%
	92%

	 
	3/9
	14%
	8%

	1b - Simplify this fraction
	1/4
	72%
	84%

	 
	1/3
	8%
	4%

	 
	Other 
	20%
	12%

	2a - Mark whether these fractions are in ascending, descending or no order
	Ascending
	42%
	54%

	 
	Descending
	58%
	46%

	 
	No order
	0%
	0%

	2b - Mark whether these fractions are in ascending, descending or no order
	Ascending
	36%
	32%

	 
	Descending
	46%
	54%

	 
	No order
	18%
	14%

	2c - Mark whether these fractions are in ascending, descending or no order
	Ascending
	36%
	28%

	 
	Descending
	48%
	32%

	 
	No order
	16%
	40%

	3 - Colour 7/8 of this shape
	Correct
	52%
	64%

	 
	Showed correct partitioning, but incorrect shading
	8%
	8%

	 
	Incorrectly partitioned, correctly shaded
	28%
	24%

	 
	Incorrectly partitioned and incorrectly shaded
	12%
	4%

	4 - Is 1/4 of this shape shaded?
	Yes
	24%
	40%

	 
	No
	76%
	60%

	5a - Equivalent Fractions
	Correct
	28%
	64%

	 
	Incorrect
	72%
	36%

	5b - Equivalent Fractions
	Correct
	24%
	56%

	 
	Incorrect
	76%
	44%

	5c - Equivalent Fractions
	Correct
	20%
	28%

	 
	Incorrect
	80%
	72%

	6 - Addition of fractions 1/3 + 1/6 
	3/6 or 1/2
	28%
	80%

	 
	2/9
	60%
	12%

	 
	other
	12%
	8%



A general improvement can be seen in all areas of learning within the four fraction based misconceptions studied. This general trend in improvement across the board is explained by Cross (2016) to be attributed to the fact that learners are re-engaging with a topic that has been dormant in their active cognition for a period of time. However, the fact that the largest of those improvements can be seen in the questions relating to equivalent fractions gives come creed and credibility that the intervention put in place was effective to a certain extent. On the other hand these results can only suggest that it was the intervention what was successful, and would require further research to prove that students misconceptions had been eradicated. These lessons were all given within a two week time period with pre and post test directly before and after. For a more complete conclusion to be made a further post-test could be conducted to assess whether the student had gained new knowledge and understanding of fractions rather than being able to recall in the short term how certain questions should be answered. Other developments to this research could include comparison to other teaching interventions devised to combat the same misconceptions studied within this research. Comparisons could then be made as to which intervention was best. This could then inform future best practise and approaches that could be taken within the classroom. There were limitations faced as part of this study which should also be addressed. Firstly limitations regarding the choice of class. Not only is the class size small but it is also not representative of the population as a whole, as such inferences between this class and the entire populations can not be made. As mentioned previously, there is no comparison within this research between other available interventions, this limits the ability to assess whether the interventions put in place gave the best results. One development that cous overcome this limitation is to include a control group within future studies. Two classes who in parallel receive the same pre and post tests but receive different interventions or trial different methods of delivery of those interventions to be better places to say which one is most effective. Data collection is also another means in which this research was under limitations. Time constraints mean that collecting individual verbal feedback from learners on the reasons the answer fractions the way they do would have taken too long, however in hindsight out have provided valuable material when discussing the merits of the teaching intervention.
 





Limitations and future development (800 words) Identify the limitations of the study paying particular attention to areas of future classroom enquiry which will support your professional and personal development.
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