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The class that I have used to carry out my research consist of 33 pupils, however due to unforeseen circumstances my research was carried out on 28 of the 33. The research was conducted in school x is a mixed gender school for pupils between 11 and 18. The total number of pupils in the school is 1,112. The school has a budget of £4,610 per pupil, with 12.6% of pupils receiving free school meals. My topic of choice to research has been Algebra and more specifically simplifying expressions. I have chosen to use this topic due to the fact that Algebra is an aspect of mathematics which carries many misconceptions. Therefore as a practitioner I feel it is a crucial part of teaching to identify and manage misconceptions. This enables me to provide immediate feedback and clarity of objectives to my students. My research was carried out to understand the misconceptions pupils had on algebra and simplifying expressions before an intervention took place to eliminate the errors the pupils perceived. My research consisted of a pre-test to understand the pupils prior knowledge of the topic as well as any misconceptions they currently had. This was followed by an intervention, where the misconceptions pupils already had were discussed and the teaching of simplifying expressions took place. Finally a pre-test was carried out, this was to show if the pupils had progressed between the pre and post-test and therefore was the intervention successful. 
 

Literature Review
Misconceptions are fundamentally inevitable, children have the ability to develop their own understanding of certain concepts both in mathematics and in everyday situations and due to this, on occasions pupils misconceive certain areas of mathematics. There are many different reasons why pupils have misconceptions within mathematics whether it be the miss interpretation of a symbol or lack of prior knowledge in a specific topic, this can also affect them in everyday life by misconceiving certain situation. It is therefore important that misconceptions are distinguished in order for the pupil or person not to get the misconception imbedded in their brain. If this happens it is a lot harder for the pupil to understand how their misconception on a topic is incorrect (Hansen, 2014). 

It is important that teachers take in to consideration when planning appropriate task that they are suitable and challenging enough for pupils. However pupils must be able to understand the mathematical understanding behind the task. This also falls in line with the everyday changes within society and how we have to adapt our teaching to allow for the changes. With the new curriculum coming into place in 2022. This will enable pupils to become ambitious and capable learners who want to develop their understanding of mathematical concepts (Welsh Goverment, 2015). This is fundamental to avoid any misconceptions. Consequently, if the work is set at the wrong level, pupils do not get the full understanding of the topic, therefore they make their own interpretations and misconceptions arise (Cockburn, 1999). Which reinforces the essentiality of differentiation and pitching work at the correct level. Misconceptions can arise due to teachers assuming that pupils already have prior knowledge or some mathematical understanding on areas of mathematics. From this teachers need to make themselves aware of how much pupils understand of the current topic before expanding and delving deeper into areas of mathematics. This will be crucial when pupils face worded mathematics problems further into their education as they will have to understand what is expected of them in the problem and what area of mathematics the problem involves. For pupils to be able to solve worded problems within mathematics, this requires them to be literate and able to understand what the problem is asking from them. The Literacy and Numeracy Framework allows literacy skills to be adapted throughout the curriculum. This will allow pupils to be able to understand what is being asked of them in worded problems (Welsh Goverment, 2014).

Mistakes and misconceptions are not the same. In mathematics it is very likely that anyone can make a mistake. A mistake can transpire even when the work has been fully understood and checked through. Mistakes can take place due to the pupils actions such as carelessness or tiredness. Misconceptions are erroneous conceptions of mathematics, pupils develop these misconceptions through systematic errors, however pupils are able to explain their method and how they got to this answer. Swan (2000) adds that no matter what children are taught they always come to their own interpretation and meanings for mathematics. This is important to children as it helps them to understand the mathematics. However, if their interpretation is incorrect and they adapt it to different areas in mathematics this can lead to a range of misconceptions without the pupil knowing they are incorrect. This is a valid reason as to why teachers should be aware of the possible misconceptions and individual interpretations pupils may have when introducing the topic. Furthermore this is a challenge that teachers need to overcome to prevent pupils producing their own alternatives for mathematical notations. When pupils use their own interpretations of algebra to answer questions, they often get the easier questions correct, it is only when the questions get more complex their method fails and they become unsuccessful. At times, this could be difficult for pupils to comprehend, as they are continuously applying the flawed method across a range of questions. This is hard for pupils to understand that their method doesn’t work for every questions and therefore it is important for the teacher to show the pupil that their method doesn’t work and which method will give them the correct answer for both easier and complex algebraic questions in a way that makes sense to them. This implies using cognitive conflict so the pupils can see how their method will not give then the correct answer for every question they might come across (Booth, 1984). The misconception of this is, in some instances this method can give them the correct answer and therefore the pupils believe they are using the correct process.  Most pupils acquire misconceptions in mathematics by overgeneralizing prior mathematical knowledge from prior education (Chambers & Timlin, 2013). Reinforcing this notion, To add to this Booth (1984) agrees that misconceptions in algebra is the result of pupils incorrectly simplifying previous mathematical knowledge so consequently they acquire misconceptions due to the lack of understanding of what the question is asking from them. 

It is more than likely for children to come across algebraic concepts when they are in upper level key stage 2. This is why it’s important that pupils understand that there is a link between key stage 2 and 3. Work that they have done in key stage 2 and throughout school will continue to be developed. However, it is not uncommon for pupils to come across algebraic  terms prior to it formally being introduced into the curriculum in key stage 2. The types of algebra that they could come across would appear in mathematical topics such as number patterns and sequences. There are many aspects of mathematics which are fundamental to understanding algebra. From the early stages of pupils mathematical education for example, counting in 2’s is the ground works to understanding the concept of number sequences (Hansen, 2014). It has been suggested by Nickson (2000), that pupils find the transition of thinking arithmetically to algebraically a difficult process. Due to this they often fall back to using their arithmetic skills when having difficulty with algebraic problems. 
Moreover, To add to this it has also been stated that some children often find it easier to answer algebraic problems compared to equivalent equations due to the fact that the children to not have a full understanding of what the algebraic symbols mean (Koedinger & Nathan, 2004). If pupils do not have a full understanding of algebraic notations, this makes the whole concept of grasping the topic challenging. 

It has been proposed by Ainley et al  (2009) that there are certain actions in which teachers can implement on children in primary school to help them prepare for further advances in algebra. These activities are:
· Structuring and generalising: This is where pupils will be given the opportunities to analyse, describe and continuing both number and shape patterns.
· Representing: Becoming familiar with different signs which will help pupils become familiar and understand algebraic symbols.

To further emphasize this it has also been conveyed that if pupils have an understanding of spreadsheets it is a beneficial activity in which will help the children and support them with furthering their algebraic development and understanding (Ainley, et al., 2005). By giving the pupils the opportunity to be digitally competent it allows them to have a range of skills, which provides them with confidence in order to use technology (Welsh Goverment, 2016). By involving alternative methods to help pupils, they get a wider understanding and are able to connect the mathematical concepts to other factors they see in school which can be incorporated throughout the pupils curriculum.

There are a range of common misconceptions which stem from pupils learning algebra in school.  From research there are six different approaches in which pupils view the meaning of letters in an algebraic contents. The six different approaches each have a different outlook on the pupils algebraic understanding (Booth, 1984). It has also been stated that by teaching pupils algebra trough approaches such as metaphors misinterprets the mathematical understanding of what the letter in algebraic equations represents. Therefore the meaning of algebra gets misplaced (Kuchemann, 1981).

The first approach would be for a pupil to evaluate the letter. From this the pupil is able to solve the equation without having to use any form of algebraic calculations. For example if a pupil was give the equation 3+b=8, pupils don’t have to have an understanding of algebra to be able to work out what b is. Pupils who evaluate the letter will very much so be correct when it comes to answering similar questions, however if given a question when there is more than one letter pupils will then struggle and evaluating the letter will not lead them to the correct answer in this case. However pupils who have the understanding that letters are seen as variables will be correct in these cases. (Tanner & Jones, 2000). By pupils using this approach they avoid using specific unknowns to help them solve their equation, for questions like this pupils give the unknown a specific value. Furthermore some pupils ignore the letters in the equation, this is where the pupils is unable to denote the meaning of the letter due to lack of understanding (Hart, 1981). This follows on to pupils considering a letter as an unknown number, and from that finding a solution to they problem. 

A further potential misconception within algebra is the common issue of pupils recognising letters as objects for example fruit salad algebra. This is where an equation such as a+b = 4 is often thought of apples + bananas = 4. According to Tanner and Jones (2000) using objects to introduce algebra to pupils directs pupils to false understanding of the mathematical concept. Through communication with primary schools, it should be made clear that this is not the correct method pupils should be taught as it has an impact on them as they progress through school. By introducing this method to pupils, they will always regard the letters represented in equations as objects in comparison to unknown variables. So essentially you are attempting to un-teach learnt skills from a young age, thus making it very challenging for teachers at Key Stage 3. For pupils to progress and understand the correct mathematical concept behind algebra they would have to disregarded the fruit salad metaphor originally taught to them. By pupils interpreting unknowns as an object it diminishes the significance that the letter holds in algebraic equations. It eradicates the meaning the letter carries in the equation and it formulates a more concreate concept. It is particularly hard for pupils to distinguish the difference between the letter being perceived as an object such as the fruit salad metaphor to understanding that the letter signifies a number. By pupils using this approach when answering algebraic content they answer certain aspects successfully. However pupils also use this approach when the method will not give them the correct outcome and not appropriate. Due to pupils not having a clear understanding of algebra and the meaning of the letter in the equation they use inaccurate methods which therefore give them incorrect answers (Hart, 1981). By pupils using this method and on occasions being successful, this is where the misconception stems from. As pupils have got certain questions in algebra correct whilst using this method they feel it is appropriate for other questions and are therefore causes some confusion with the pupils when they then get specific questions incorrect. 

Pupils often generalize the letter within and algebraic equation, this is where the pupil perceives the letter to take a number of values rather than just one specific value. This is a contrast between pupils interpreting a letter as an unknown, as pupils think of the unknown as having one specific value. However a letter used as a generalised number is able to take more than one specific value. When pupils tackle questions, they tend to find only one value for the unknown rather than multiple numbers. When pupils see letters as variables, this is an approach where the letter is signifying a number of unspecified values which correlate to having a relationship between them. This approach displays some understanding of an unknown value and that it is indeed possible for the unknown to have several values (Hart, 1981). This is crucial as it gives pupils the understanding that it’s not always going to be one specific variable that satisfies an expression or an equation.

As aforementioned, many children have difficulties understanding the meaning of the letters in algebra. I have highlighted extensive research which clearly demonstrates that there are ways in which these misconceptions can be addressed effectively. Now I intend to outline and evaluate such methods and their effectiveness and technical feasibility within the classroom. 

One potential strategy to manage this issue is to introduce number machines into teaching in order to supress pupil misconceptions in algebra. This approach can be used with both complex and simple algebraic equations. Pupils assume that x has to have one specific number, however it can be stated that x can denote a range of numbers however in some cases only a specific number makes the expression true (Kieran, 1992). Another method in which we can minimize pupils’ misconceptions of the meaning of letter is to have a class discussion in which the pupils and the teacher can discuss what they believe a letter in algebraic term means and if they can have different meanings. For example the algebraic expression 2m, what does it mean? 2 multiplied by 2 or 2 meters. This will give pupils a chance to consider the meaning behind the letter (Booth, 1984).

Kieran (1979) expresses concern that pupils do not have an understanding of the equals symbol. The misconception of the equals sign is that pupils do not have the understanding that both sides of the equation need to be balanced and subsequently, the equals sign represents that they need to give an answer to the question. In order to teach the meaning of the equals symbol so pupils have complete understanding, teachers can display it as a balance scale. This will be visual and incorporate cognitive conflict into the pupils learning to demonstrate that the equation is only correct when the scale is balanced. If the scale is unbalanced it demonstrates that the equation is incorrect (Ketterin-Geller, et al., 2007). 

Following on from the misconceptions in which pupils develop with the equals symbol, it is also shown from research that there are also many misconceptions in algebra within the operations. It is thought that misconceptions regarding operations in algebra is due to the irregularities of the symbols meaning in arithmetic (Kieran, 1992), (Küchemann, 1981). In other areas of mathematics, symbols such as = and + have been thought of as actions, however that’s is not always the case in algebra. For example, in algebra, 2 + x is not the same as 2x. The sign does not imply conjoining both variables (Booth, 1986). This implies that students have a full understanding of addition, however they do not have the knowledge and understanding of how addition is interpreted in algebra. Hence, they continue to perform actions between variables which are incorrect (Welder, 2012). A way to discard this type of misconception is to use scenarios such as adding different groups together. For example adding the number of boys and girls in a class. This will show students that a denotes the number of boys and b denotes the number of girls. By showing the pupils that these are different variables, gives pupils a sense that actions cannot be made between them (Watson, 1990). 

In order to suppress common algebraic misconceptions, attention must be paid to the different types of methods the pupils are using when working through algebraic problems. If a teacher recognises that a child is using an informal method to answer such questions they need to discuss the limitations and the usefulness their method might have. Once the pupil has understood the limitations of their method, research has shown that it is only then they will start to use the methods which have been taught to them. An effective way to show the limitations to the pupils, is to give them an example where their informal method would work and to also give them an example where their method wouldn’t work. As well as showing them that their method doesn’t work it is also important to discuss with the pupils why their method doesn’t work. This gives pupils a chance to visually see that their method will not always work for every algebraic equation they come across. Once starting to following the procedures which have been taught they will then be able to answer more complex equations successfully and apply their skills to deepen their knowledge(Booth, 1984).

It is important to inspire every lesson where necessary with algebraic thinking, this gives pupils the opportunity` to link algebra with all dimensions of mathematics. This will then hopefully be embedded into pupils how to enjoy thinking mathematically through algebra rather than being scared of thinking algebraically. By pupils seeing algebra on a variety of occasions in mathematics rather than having ‘algebra lessons’ will prepare pupils fully to think algebraically.  They will be numerate and able to apply this skill into a variety of contexts, thus giving this skill real life context. This will also develop the teachers own awareness of algebra and how to incorporate throughout the mathematic scheme of work (Mason & Sutherland, 2002). 

It is also added that it is important to introduce algebra early and also agrees that algebra needs be included within a range of mathematical topics. Algebraic thinking should be used throughout a pupils mathematical education from problem solving to functional thinking. It will also give pupils the opportunity to build upon prior knowledge and enable them to think algebraically and connect problem to the real world as well as through mathematical thinking. This summarises the demands of teaching algebra in the 21st century and how teachers should reflect when deliberating how to incorporate algebra into their teaching (Kaput, 1999).

In summary it is clear that we can avoid errors and misconceptions in algebra, however we will not always be able to prevent children from creating their own perception on algebra however we can incorporate children’s misconceptions into our teaching (Swan, 2001). To add to this teachers need to foster a positive atmosphere in the classroom which enables pupils to make mistakes freely and learn from them so that they are not afraid of getting things wrong. As teachers we can do this by using cognitive conflict. Rather than have a plan put in place to avoid misconceptions, we should discuss them with the pupils how they came to these misconceptions and how they do not always work. By pupils being able to see that their method will not always give them the correct answer and why, this will then trigger cognitive conflict and will prevent them using their method again. It is far more valuable to investigate and discuss pupils misconceptions in comparison to just telling the pupil that their answer is incorrect and then having to correct their answer for them (Lee, 2006). To add to this by pupils investigating their misconceptions will further their mathematical development and develop skills which they can apply throughout their mathematical education.

School Policy and Practice and Diagnostic

For my research in misconceptions in algebra I specifically looked into simplifying expressions. The questions ranged from simplifying an expression to expanding and simplifying an expression with one bracket and finally expanding and simplifying an expression with two brackets. The misconceptions that I specifically focused on at were how the pupils perceived the letters. There are many different ways in which pupils can invisage the letters from ignore their existence in the equation to seeing the letter as an object. The school use baseline testing in order to distinguish what level the pupils are on within a particular topic before we delve deeper. Furthermore Baseline testing should be incorporated into every schools lesson structure in order for actions to be taken and pupils to develop (EWF, n.d.).

During my research I used a pre and post-test with an intervention in the middle. My pre and post-test consisted of the exact same questions. The test contains 9 questions all based around simplifying an equation. The first 3 questions were simplifying an expression the following 3 included expanding and simplifying an expression with one bracket and the final 3 in the test were questions in which pupils had to expand two brackets before simplifying the expression.
 
Throughout my post and pre-test I was investigating the same misconceptions throughout with the questions growing in difficulty. The misconceptions I was investigating were how pupils perceived the letters in the expressions. There are 6 main ways in which pupils perceive letters in algebra, these are how pupils evaluate the letter, if they do not use the letter and ignoring it, envisaging the letter as an object, using the letter as a specific unknown, perceiving the letter as an general number and seeing a letter as a variable (Hart, 1981). Following on from this, throughout the pre and post-test and intervention I investigated how pupils perceived the letters in the expression and how this could lead to misconceptions in mathematics. As well as investigating how pupils interpreted the lessons in the algebraic expression, I also looked into how pupils perceive the equal sign and the balance of the equation, many pupils don’t fully understand the meaning of the equals sign, It is often perceived as the answer to the equation. However, pupils need to understand that what number/ expression is after the equals sign balances with the left hand side of the equation (Kieran, 1979). Finally the last misconceptions looked at throughout this research was  operations within the expressions and how pupils perceived them. Pupils need to be aware and understand that you can’t simply conjoin operations together for example with the expression 3+b, some people misconceive the expression and think it’s the same as 3b. However as the variables are not the same we are unable to do this and pupils need to be aware and understand the concept of adding different variables together (Booth, 1986).



Methodology and Ethics

Throughout my research I used the positivist approach consisting of a pre–test an intervention and then a post-test. The positivist style of research which is also known as the scientific method. This method of research required me to approach the study through a more traditional style of teaching. Therefore by using the positivist approach to collect my data this then allows me to organize by data in a quantitative form (Al Riyami, 2015). The pre and post tests were both standardised, hence all pupils sitting the exact same test. This is where I give the pupils a test on simplifying expressions to be aware of what prior knowledge the pupils has on this specific area of mathematics and what the pupils misconceptions were. The next step of my research was the intervention, in which they would be taught how to simplify expressions taking into consideration misconceptions which could arise. Following this, they were then given the same test to see whether they had improved, and if they have removed any prior misconceptions (Hinchey, 2010). Due to using the positivist approach in my research, a positive outcome is expected.

In spite of this there are many criticisms against the positivist approach, it has been suggested seen the positivist approach is too controlled and therefore has been seen as a more instrumental approach to teaching rather than been giving pupils a free range and a more open ended experience in education (Cohen, et al., 2007). It is important for the pupils’ trialling their methods independently in order to fully consolidate their skills. To add to this it has also been said that the positivist approach fails to acknowledge the differences within people and their environment and how they react to situations. Everyone interprets things in different ways and therefore the positivist approach isn’t going to been beneficial for every pupil (Giddens, 1976). To summarize the criticisms again the positivist approach in educational research, is that the main issue is that its deems human behaviour as passive as well as controlled and therefore it take away pupils individuality (Chomsky, 1959). To add to this in future research there are different types of approaches which can be used as an alternative method to the positivist approach. These are naturalistic, qualitative and interpretive approaches, these approaches will enable pupils to be creative, for pupils to have the opportunity to express their individual views and there are not learning through a rigid and unchanging approach (Cohen, et al., 2007).

Every research carried out will be affected by some form of limitations and therefore consequently there were limitations to the research which I will now assess. Firstly, the research was only carried out on one class of 30 pupils who which mainly high attaining students so therefore my sample size was limited. This limits my research because whilst having a small sample size it’s not always easy to find clear patterns within the data. Hence, if the research had been carried out on more than once class and to different levels of students which would increase my sample size, my results could have been somewhat different and could have gained more accurate data. Therefore if I was to carry out the research again, I would increase the number of pupils participating as well as broaden the range of pupils so they were not all high attaining students (ResearchMethadology, 2019). To show the range of abilities and different kinds of learners. All pupils are unique and have unique ways in which they learn the best.

Furthermore, the time dedicated for this research was limited due to a time restriction on m placement. Therefore, this lead to me being unable to measure the long term effects of my research. This leads to longitudinal limitations within the research (Hermam & Edwards, 2019). 

Before the research could begin there were also ethical aspects that needed to be cleared due to the data coming from pupils in school x. Before the research could begin, pupils needed to have had consent from their parents to participate in their research. This is something that school x deal with at the beginning of the year where parents sign consent for pupils to take part in research which can happen at any time throughout the year. Following on from this the research needed to be discussed with the pupils with regards to how it will take place and the process of the research as well as who will be reviewing the data collected. The pupils were also given the right to withdraw their data from the research, however they would still have to participate as it was part of normal class procedure. The pupils in school x were made clear that they could withdraw at any time up until I was no longer at the school, nevertheless no pupils decided to withdraw. It was made clear to pupils that all their work would be anonymous and the pupils data would be treated confidentially (British Education Reseach Association, 2011).

Evaluation 

Once pupils participated in the pre-test I then spent 3 lessons teaching the pupils how to simplify algebraic equations. I split the lesson based on how I had ordered the pre-test. 

Question 1 included simplifying basic equations which was made up of 3 parts
1a. 5p-3q-2p+8q
1b. -3a+6b +5a -8b
1c. 3z+6x-2w-2x+3z
The reason I choose these as the first lot of questions was due to the fact that from the 3 questions above I would be able to gather an understanding of the pupils basic knowledge of simplifying expressions. Results from the pre-test show that from the 84 marks available only 15.5% of these marks were achieved throughout the class. The mark were contributed from 6 pupils with 3 of them getting full marks. After the intervention the marks throughout the whole class increased by 47.6%. The amount of pupils achieving full marks in section increased from 3 pupils to 12 pupils, as well as 85.7% contributing to overall marks for section 1. The misconceptions which stemmed from question 1 in the pre-test, were pupils not understanding the meaning of operations in algebraic equations as well as pupils ignoring the letters in the algebraic expressions. 

Looking back at misconceptions that arose in my pre-test 28.6% of pupils did not understand the meaning of operations in algebra. In their previous mathematical education pupils are used to seeing operations as actions so for example in Q1 5p-3q-2p+8q, the answers I received from the 28.6% of pupils was 8pq. This is because when the pupils got to the simplified form of the equation which is 3p+5q, they still see the addition symbol as an operation and therefore added the 3p and the 5q together. This therefore leads to the misunderstanding of adding different variables in algebra as well as how they operations should be used and making pupils aware that an action is not always needed (Booth, 1986). By pupils misunderstanding that the different variables p and q cannot be added together, shows that they did not have a clear understanding of what that variables denote. They are unable to correlate the relationship between them and therefore did not have a clear understanding that the variable can denote a range of value. Throughout the intervention this misconception was discussed whilst going through examples so pupils could understand that you cannot use any operations between two unknown variables and as a result of this no pupils in the post test used operations between unknown variables. As well as this, during the pre-test 2 pupils ignored the algebraic letters altogether. This is an indicator that pupils do not have an understanding of the letter and therefore they completely overlook the letter in the expression. After the intervention, the two pupils who ignored the letters in the expression no longer did this (Hart, 1981). 


Question 2 which included simplifying equations with expanding one bracket was also made up of 3 parts
2a. 3(x-4)
2b. 4c(2c-6c)
2c. 2(a+3) + 5(a+6)
Section 2 showed me how pupils handle having to use to separate mathematical skills where firstly they had to expand the brackets, followed by simplifying the expression. On the pre-test 4.8% of the marks were achieved compared to the post test when the number of correct answers increased to 54.8%. 

Throughout question 2, like question 1 39.3% of pupils didn’t have an understanding of the meaning of the letter and therefore when expanding the bracket they decided to overlook the letter completely, once again this is due to the lack of understanding of the letter and when expanding pupils were unsure of how to interpret the unknown variable (Hart, 1981).
This follows on to many pupils not being able expand the brackets correctly, being able to expanding brackets is a necessity in both arithmetic and algebra. They indicate to the students what operation they should preform first (Welder, 2012). Due to pupils not having an understanding of the meaning of the letters in the expression, when they came to expanding the brackets they were therefore not successful in getting the correct answer. We discussed this during the intervention as a class. After the discussion, pupils understood that the letters in the expression couldn’t be ignored and therefore they stood for an unknow variable which would satisfy the expression.

Question 3 which included simplifying equations with expanding one bracket as well as was multiplying brackets out. These are the more advanced questions we covered during the intervention, this is where pupils had to understand mathematical notation such as squaring a number. There were also 3 parts to section 3 which were
3a. -6(2a+4) + 3(2a-4)
3b. (2a-6)(4a+8)
3c. 
During the pre-test, none of the pupils were able to answer the questions above correctly however, after the intervention 17.9% of the questions were answered correctly. These correct answer came from 8 pupils with one pupil getting the full 3 marks. 
21.4% of pupils choose not two answer section 3 of the pre-test, This could have been due to the fact that pupils were not confident in themselves to answer the questions. From the remaining pupils who did attempt to answer it the most common misconceptions were once again pupils not having a full understanding of the operations. Due to pupils not having a full understanding of the meaning of operations in algebra it prevents their level of success of the pre-test. Once pupils had expanded the brackets they would then use the operations between the variables to get one answer at the end rather than a simplified expression. This is once again due to the lack of understanding that the variables are different and for example question 3 after the pupils got the expression 7a+36 they would then equate that to 43a (Booth, 1986). Therefore during the intervention it was important for the pupils to understand if they don’t have the same variable for example 3a+6a they are unable to add the variables together. 
The other common misconception which arose during question 3 of the pre-test, was once again the pupils not acknowledging the letters in the expression, and therefore ignored them and just worked with the values. As discussed previously, this is due to the lack of knowledge and understanding of the letters in the expression and the pupils being unsure of how they should interpret them (Hart, 1981).

Throughout the whole pre – test it was noted that the majority of the pupils didn’t have an understanding of the equal sign. Much like the misconceptions with operations, pupils see it as an indication to give the answer. Pupils failed to understand that both sides of the equals sign needs to be balanced (Kieran, 1979). Even though this misconception had been brought to my attention in the pre-test and was discussed throughout the intervention that both side of the expression needed to be balanced, pupils continued to make the same error on the post test. Therefore, in order to make sure the pupils don’t continue to have this misconception, if I had more time in school x I would have ensured I recapped this, going into more depth about the meaning of the equal sign and that it signifies the balance of both sides of the equation. 

Throughout my intervention I used the same structure for each lesson, which I will now outline. After the pre-test, the first lesson was spent on getting the pupils to understand how to simplify similar equations. Throughout this lesson pupils were given examples which firstly I went through a number of them before they had the opportunity to try some before going through them as a class (Appendix 1). I feel that starting the lesson with examples in important as it gives pupils the opportunity to recognise the pedagogical links between previous and current topics. This then allows pupils to develop their prior knowledge which will help them develop further understanding of the new topic. Throughout the 3 lessons of the intervention I used examples as this aloud pupils to build on their knowledge from the previous lesson in order to develop their mathematical skills with simplifying algebraic equations (Gay, 2002). The starters of each lesson, also recapped previous lessons regarding simplifying expressions. Throughout the exposition of my lessons, discussion were incorporated based on the examples we were working on. By having whole class discussions this permitted me, as the teacher to highlight important points based on the topic and it was an opportunity for the whole class to contribute their ideas on simplifying equations. This was also a key opportunity to highlight any misconceptions that arose during the pre-test, as well as having the opportunity to discuss how the pupils arrived at their method which caused the misconception (Tanner & Jones, 2000). The discussion were an effective method of teaching as, the pupils had the opportunity to learn from class peers misconceptions However, during the discussion there were a small number of pupils who didn’t wish to contribute and therefore to make sure they understood the concept of simplifying equations, I questioned the pupils about some of the examples we had been through and asked them for their method to get to the correct solution for the question. This allowed me to test their knowledge and if they had any misconceptions I was able to discuss and show them how their interpretations of the method will not always be successful (Backhouse, et al., 1992). 

To follow on from the expositions in all the intervention lesson, I then gave pupils the chance to complete Bronze, Silver and Gold tasks. By having 3 different levels of tasks this gives all the pupils an opportunity to be working at their ‘Zone of Proximal Development’, this is when pupils learn the best when they are being challenged with their work but also being able to understand it, so the level of work is not to demanding (Vygostsky, 1978). As well as using a range of levelled tasks to make sure all pupils are working to their best ability. Extension and rich tasks are also incorporated in my lessons in order to make sure all pupils are engaged. Pupils who finished the set work during the session continue to be challenged and engaged with the lesson. This allows pupils to delve into the topic deeper, and use their knowledge to develop their understanding to answer challenging questions. They include educational value and all pupils who finish the set work should be given the opportunity to be able to build on their current mathematical knowledge. To add to this I also set homework based on the current topic, this was to ensure pupils were reinforcing the skills understood in class outside of school. Tasks like these also give pupils the chance to develop qualities not just based on education and problem solving skills but the individuals’ resilience to problems they face both in education and in everyday situations (Grootenboer, 2009). 
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Figure 2 shows us that overall my average on my pre-test was 0.61 and increased to 4.07 on my post-test. As well as the average score increasing overall on the pre and post-test, the average score has also increased within every question with the average score on question 2 increasing the most. Figure 1 above demonstrates that on my pre-test 6, pupils got at least one question correct compared to my post-test when 26 pupils got at least one questions correct. This therefore suggests that 20 more pupils got at least one question right on the pre-test, with 18 more pupils getting at least 1 question correct on question 2,  and 20 more pupils getting at least one question correct on question 3. 8 pupils achieved at least one question correct in question 3, hence the results imply that the number of pupils getting at least answer correct on all 3 sections increased. This also alludes to the fact that there were two pupils who got a zero result in the post-test. For the two pupils who attained a zero result in the post-test, I feel like it would have been beneficial for them to have extra time going back over simplifying expression, which could have been done by adding a revision lesson into the scheme of work. However due to my time in school x being limited I was unable to carry out revision lessons. Furthermore 39.3% of the pupils achieved 5 or more marks in their post-test in comparison to 7.1% of pupils in the pre-test. 
To conclude, my evaluation demonstrates that the majority of pupils who took part in my research improved after the intervention was carried out and the prior misconceptions they had before the intervention have been resolved, hence my research project and interventions were an overall success.

Conclusion

With reference to the positivist approach I adopted throughout my research project based on misconceptions within algebra and specifically simplifying expressions, provided a positive result which was the outcome I was aiming to achieve, carrying out research the through the positivist approach in hindsight should always conclude improved results at the end of the study (Cohen, et al., 2007) as I have consistently demonstrated.

The teaching methods that took place during the intervention have proven to have a constructive understanding of simplifying expressions as we can see from the results above. The teaching approaches which were executed within the intervention were constructivism approach, as research suggests that pupils get the most out of education when they are involved and participating within the lesson. This allows pupils to make their own interpretation of the topic and can therefore link it to prior knowledge (Vygotsky, et al., 2015). During the intervention pupils were given the opportunity to answer questions both when asked and when volunteered, by involving pupils in discussions based around the topic and discussing their ideas of how to approach simplifying expressions and from this they learn to understand the concept of the topic. By pupils being given time to discuss answer and their thoughts with a partner, this gives them a chance to understand aspects of the topic from a different point of view. It also give the pupils an opportunity to discuss their ideas with peers. A teaching method which was incorporated into the intervention was making sure the pupils were questioned and challenged on their answers. It was an important characteristic to incorporate into the intervention as it gets the pupils involved as well as it showing the teacher who understands and especially in this case what misconceptions have arose and what aspects of the topic need to be discussed further as a class. By questioning pupils and getting them to expand on their answer it allows them to delve deeper and strengthen their knowledge which is crucial, as this is when the pupils get challenged and enter the zone of proximal development. It was an opportunity to also assess the pupils throughout the lesson as assessment for learning is crucial in understanding where the pupils are and if they need any further guidance. Finally, it’s important for both the teacher and pupils to be able to reflect on what they have understood and learnt over the series of lessons. For the teacher this is when I reflected upon what I could do better to make sure all the pupils understood everything by the end of the intervention. As well as reflecting about could be improved the next time I teach this topic, I felt it was also important to reflect on what went well, as it will be beneficial to the future pupils. Throughout the intervention I felt the discussion around the misconceptions the pupils encountered was beneficial for both me as the teacher as well as the pupils. This granted us all an ample opportunity for pupils to understand why their interpretation of simplifying expressions didn’t give them the correct answer every time. On the other hand it was an opportunity for me to understand what misconceptions arose from the pupils own interpretations. Combining all the above teaching approaches into my intervention, concluded in a positive result when looking back and my post-test outcomes and therefore, I will continue to incorporate these teaching approaches within lessons (Guil-an, 2013).

Comparing the results from my pre and post-test, the purpose of the research has been beneficial, as 93% of the class of 28 students results improved. By knowing what level the pupils were on before the intervention begun was beneficial as its give me the insight as to what level to introduce the work at. Knowing what the pupils already know about the topic before you start teaching it is vital for both the teacher and the pupils. Pupils will lose interest if they are being taught aspects of maths they are already confident with. To add to this, you do not want to enter the topic at a level to high from the pupils to understand and engage with the lesson (Tanner & Jones, 2000). 

Figure 3


To conclude, from figure 3 we can establish that overall the intervention and misconceptions research project was a success as the majority of pupils in the class of 28 results improved between the pre-test and the post-test. However, there is still room for further improvement as only one pupil was able to gain full marks in the post-test. From the data collected and the analysis of the research it has been made clear that the majority of the pupils in the class were confident and able to answer the first two questions of the post-test successfully. However only 29% of the class contributed to the answers achieved in the third section. 71% of pupils either answered all three questions incorrectly or did not answer them at all. This shows me that the pupils need more support on questions where they have to expand two brackets and then simplify the expression. Therefore, in future I am now aware that more time needs to be spent on questions on the same level as those which appeared in section 3, hence more guidance and scaffolding will be introduced into the teaching of this topic in order for the pupils to gain full understanding and be confident to answer similar questions to these successfully.

Limitations

Throughout my research into misconceptions within algebra and simplifying expressions, there were some limitations throughout my study. Firstly, the size of the class my research was based around. Originally the class I choose to carry out my research on contained 33 pupils, however due to the school being a fast changing environment and often pupils are absent from the class 5 out of the 33 pupils in the class only completed either the pre-test or the post test. Therefore I had to eliminate them from my data, as I as unable to analyse the effectiveness the intervention had on their performances. To add to this, the number of pupils in my research was insufficient, 28 pupils is only a small number when looking at the bigger scale of things. Hence, if the same research project was carried out at a bigger level, the outcome may differ.  

Due to being a student teacher and having a limited time table the class that was used throughout the research was a top band class, therefore they were all of a high ability. If I had used a mixed ability class, the outcome of the research might have varied due to the ability of the pupils used, however I was limited to what classes I could use. The time I had to carry out this research was also limited, if I had more time I would have arranged extra lessons regarding the last section questions. This is because from the results, this is the section in which the majority of the class had some difficulty and didn’t fully understand how to expand brackets.

Finally, to conclude the limitations throughout the research if school x had been in a different location with a different catchment of pupils, the results may have varied. To add to this, school x is a mixed ability school with a total of 1,112 pupils. If the researched had been carried out within a same sex or a smaller school, the results may not have been the same as in school x. Also if I had included more than one school from different areas in my research the results may have differed in comparison to just using school x.

As well as having limitations to my research, there have also been strengths. Firstly, the research clarified the positivist method which I choose to carry out my research has been affective as the results show that 93% of the pupils results improved from the pre-test to the post-test. To add to this, all pupils were given the option to withdraw their data from my research due to ethical reasons. However all pupils decided to participate, hence I had the maximum number of pupils take part in the study. To develop this research further, a larger number of pupils would be used across a range of abilities. To add to this, more schools would be incorporated into the research. This will include different schools from different areas, therefore there will be a wider range of pupils. This will allow me to test a range of pupils with different cultures, additional learning needs and free school meals.

If I had the opportunity to carry this research out again, I would use a larger group of pupils with a wider range of ability to ensure I had more accurate data. This would give me a clearer understanding if the pupils have overcome their misconceptions. To add to this, Rather than just using one school, I will extend my research within the county and schools close by. This will give me a wider range of pupils from a number of different backgrounds. 
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Number of pupils who had atleast 1 question correct

Pre test	
Overall atleast 1 correct	Q1 atleast 1 correct	Q2 atleast 1 correct	Q3 atleast 1 correct	6	6	2	0	Post tes	
Overall atleast 1 correct	Q1 atleast 1 correct	Q2 atleast 1 correct	Q3 atleast 1 correct	26	24	22	8	



Average score from Pre and Post Test

Pre test	
Average overall	Q1 Average	Q2 Average	Q3 Average	6.7460317460317457E-2	0.15476190476190477	4.7619047619047616E-2	0	Post tes	
Average overall	Q1 Average	Q2 Average	Q3 Average	0.45238095238095238	0.63095238095238093	0.54761904761904767	0.17857142857142858	



Questions Answered Correctly

Pre test	
Overall atleast 1 correct	More than 5 correct 	All questions correct	6	2	0	Post test	
Overall atleast 1 correct	More than 5 correct 	All questions correct	26	11	1	



