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My intervention into exploring the common misconceptions within Algebra and how to overcome them will take place at School X which is one of the leading schools in Wales. It is also one of the largest schools in Wales, schooling 1860 students. The school has adopted an ‘iLearn’ curriculum for KS3 students, which combines skills from each separate subject into six areas of learning. These areas of learning aim to encourage subjects to collaborate so that students are more able to build upon essential skills needed to progress into KS4. I chose to run the intervention with a Year 9 set 4 class, who were moving onto algebra and equations in the scheme of work. I chose this class because being in Year 9 means that they would already have been taught it at KS3. I thought this would be interesting to see what misconceptions that have already picked up from being taught algebra in Years 7 and 8. After studying relevant literature, I chose to investigate the misconceptions within algebra and equations in an attempt to highlight the most common misconceptions and to apply relevant teaching techniques in order to overcome these misconceptions. My aim was to change the students’ perception on algebra by teaching it in such a way that students were able to relate it to real life, making it easier for them to understand and to overcome any misconceptions they may have adopted throughout their schooling. 
Literature Review
Addressing misconceptions in mathematics is crucial for the progression of deeper understanding to take place. According to Malcom Swann (2001), a misconception is a wrong generalisation made by the student, rather than a mistake or wrong thinking. Chambers & Timlin (2012) highlight that misconceptions are different from mistakes because with misconceptions, students are under the impression that they are getting the answers correct and cannot see where they are going wrong. On the other hand, mistakes can occur even when the content is understood by the student. This is why it is important to address misconceptions as soon as they begin to occur within students’ work. Askew and Wiliam (1995) state that pupils invent rules in order to solve problems in mathematics. While the rules may be correct, they can only be applied to certain types of problems, meaning that a deeper understanding is needed to determine which rule to use for each separate mathematical problem. 
As a teacher of mathematics, understanding how a particular misconception arises is important because effective teaching techniques need to be applied in lessons so that the student does not revert to apply their own incorrect rules. According to research by Clare Sealy, when introducing a new topic to a class of students, teachers must be aware of the most common misconceptions of that particular topic so that they can be addressed. Misconceptions cannot be avoided; instead, they should be drawn out and made explicit to students so that they are aware of the reason why a particular rule cannot be applied to certain problems. There are many different teaching techniques for teachers to adopt in order to banish misconceptions, each one suited to certain topics in different ways. I will analyse teaching techniques in further detail later in this literature review. 
In this research study, I decided to take on Algebra as my topic in which to explore common misconceptions due to a particular bad stigma attached to the topic. There are many misconceptions that children pick up when they are in school, taking them further into their education. It is crucial that these misconceptions are addressed as early as possible so that further mistakes are not picked up. 
A negative attitude to algebra is often down to the fact that students cannot see the relation of algebra to the real world. Connecting letters to numerical values is a difficult concept to some students. Researchers such as Küchemann (1981) and Fujii (2003), investigated students’ difficulties with the meaning of letters in algebra. Non-numerical thinking is when students interpret letters as objects rather than specific numbers. Other students adopt incorrect numerical ways of thinking where letters are replaced by numbers but the method of solving which values the letter can take is incorrect. A study carried out by Küchemann (1981) found that some students had the misconception that each different letter has to be a different number and reject options where two letters may be equal to each other.
A study by Fujii (2003) involved giving students a question in the form of x + y =16. It was found that many students had the same misconception that each letter must represent a different number. So when faced with  in the multiple choice answer section, they marked it as wrong. These students reject the case where  and  are equal. In his study, Fujii also found that along with the students who believe that  and  cannot be equal, there are students who would treat  and  as empty boxes. In the case + , students accept that  and  could both be 8 because they replace the letters with empty boxes to fill in. This is likely to have come from their primary school where students fill in possible values to an equation, treating them as if they were empty boxes. The problem with a student holding this misconception is if they are posed with a question like , they cannot recognise that  must be the same value as they just see it is a “fill in the gaps” exercise. To address this misconception in the classroom, the teacher could give an example where these two types of questions are linked, emphasising that  holds the same value for one particular question. 
Another study which investigates why students have difficulties with algebra problems is a study by MacGregor and Stacey (1997). It found that some students tended to either ignore the letters or to treat them as objects instead of letters. This study highlights how students may have non-numerical interpretations of letters (Küchemann, 1981). They found that some students thought that each letter stood for specific words like  for height. Another example of students seeing letters as objects is where students think of  as three apples, two bananas and one apple, leading to  which is correct. This is known as the ‘fruit salad’ approach to teaching algebra. However, when faced with a problem like, students become confused about the lone number as they think that it has to stand for some object. This can lead to students adding the number to a number attached to a letter, just so that it belongs to a group of objects. Another problem occurs when students are faced with things like , where their non-numerical thinking would confuse students who think of letters as objects. An approach to address this type of misconception could be to let the students think of a number first and then replace that number with a letter of their choice. For example, the teacher could tell the students to multiply their number by 4 and then add 3. Students should work out the answer and then write it in the form of an equation, with their starting number replaced with a letter. This approach is helpful for getting the students to work backwards to form their own questions, which will result in a deeper understanding of how algebraic equations work.
Küchemann (1981) and MacGregor and Stacey (1997) also found that some students hold the belief that the value of each letter corresponds to its position in the alphabet (for example , etc). This then leads on to a link with Roman numerals, with students thinking that the number attached to the letter effects the value of the letter. For example, students may think that represents four less than eight as is the eighth letter in the alphabet and because the four is before the letter, it means four less than. This is linked to the fact that in Roman numerals, IV means one less than five.  This misconception could combatted in a lesson where students are asked to solve equations. Pupils should be able to see that no matter what letter is put in as the unknown number, the outcome will always be the same. During the lesson, the teacher could ask the students what they want to call the unknown number, just to convince them that there is no connection between the letters of the alphabet and their numerical value.
Research by Tirosh et al. (1998) suggests that some students have the tendency to conjoin terms where it is not appropriate. This is partly because when answers have operation symbols in them, students see the final answer as unfinished. For example, students may not think it is correct to have an answer of say , so they would add the numbers together to arrive at a final answer of , which is incorrect. This misconception mainly tends to occur when students are initially introduced to algebra, but if this problem has not been combatted, students will continue to group unlike terms. To combat this misconception students must be exposed to examples where the final answer is in the form  and discussing with the class that sometimes the answer is in this form because we do not know the value of . Another approach to address this issue is to use substitution to prove that  is not equal to . Students could test this out for themselves, choosing the value of  to whatever they want it to be.
A study conducted by Doug French in 2002 explores the misuse of the equals sign in within algebra. When solving equations, students tend to write their method out as one long line. For example, 
. This is mathematically incorrect as this implies that  and that . Often, the meaning of the equals sign needs to be emphasised to students because, as simple as it may seem, pupils do not realise that what is on the left of the equal sign is the same as what is on the right of it. French points out that the equals sign is interpreted by students as ‘an instruction to do something or determine a result rather than as a symbol that indicates the equivalence of two expressions.’ In this case, the teacher should take a section of a students’ answer and highlight that it is impossible for , because they are implying that 12 is equal to 4. Using terminology like ‘is the same as’ instead of ‘equals’ can help students appreciate the importance of the use of the equals sign, in order to try and prevent students from setting out their work in such a way that is mathematically incorrect. Creating cognitive conflict has also been proven an effective way of banishing this misconception, using examples such as  to emphasise that  does not equal 30, however, this is how it looks when it is written in such way.
A common problem for students when solving algebraic equations is inadequate knowledge of negative signs. A study by Booth and Koedinger (2015) highlights that some students may seem as though they have the understanding of solving an algebraic equation when they are faced with a question such as , as they may have a set rule which tells them to subtract 4 from each side to find the value of . however, when given a question such as , students still attempt to subtract 4 from each side, showing that they do not have a deep understanding of why they are subtracting 4 in the first place. It implies that the student does not see the negative symbol as part of the term, instead ignoring it in attempt to remove the 4 in the same way as before, by treating it as a positive number. To show students that simply ignoring the negative sign when solving algebraic equations is incorrect, the teacher could show a simple example where the negative sign is clearly important. For example, the teacher could ask the students whether  is the same as  and ask students explain why the answers are different. This simple example can be linked back to negatives by showing that therefore,  and  are also not equal to each other.
I chose the questions of my pre-test based on the research I had done and the literature on the most common misconceptions in my topic. I chose question one to explore whether the students had any misconceptions involving addition and multiplication of letters. The third part to this question may draw out the theory by Tirosh et al. 1998 that when there are operations within the answer, students think that the answer is unfinished and could be tempted to group terms together. For example, students may try to add together the  with the 
I focused on substitution for the second question. I choose to include this as it has been found that some students do not recognise that when a number and a letter are next to each other, they are multiplied. Some students may replace the letter directly with the number. For example, if  is equal to three, then would become  instead of 3 multiplied by 3. 
Question three required the students to collect like terms in order to find the value of  for each equation. I used this question in an attempt to draw out the misconception where students are tempted to conjoin terms where it is not appropriate. Students may combine the letter terms with the number terms, thinking that they are simplifying the equation. For example, when faced with the question  students may combine everything on one side of the equals sign to result in so that t is equal to . In this case in particular, students may be confident with their answer because they have worked  out to be a whole number. 
I included question four in my pre-assessment because I wanted to explore the students’ knowledge of positive and negative signs. This is something that can cause confusion while studying algebra as students must remember that when a minus sign is attached to a letter, and not just in front of it. This question will show me if the students have a tendency to ignore the negative signs as long as the numbers are the same. 
Question five is one that I thought would draw out a more than one misconception. Forming an expression is something that may be new to some of the students. It will highlight students’ ideas of what the letter represents in the expression. This links with the misconception that the letters represent objects and not numerical values. In this case, students may think that  represents the crisp packet but not the number of crisp packets. Although not all misconceptions can be explored during this short intervention, these questions form a basis for drawing out some of the misconceptions that this focus group may already have. By adopting the appropriate teaching methods discussed in this literature review, I aim to expel some of these misconceptions in order for students to gain a deeper understanding of algebra and algebraic equations.  
School Policy and Practice 
Within School X, there is a strong emphasis on Assessment for Learning (AfL). According to the school’s Approach to Assessment 2016-17 document, AfL strategies serve the learning process very well due to the fact that learning goals are shared with pupils. This means that pupils recognise the standards that they are aiming for and are able to assess their own learning in order to improve. Such elements put forward in this document are in great accordance with key literature relating to AfL. For instance, Mills and Glover (2007) stress the importance that pupils must be provided with clear criteria for success in learning. It is also in line with Hattie (2012), where he emphasises the importance of feedback both during and following the completion of pupils’ work.  AfL should be used in the classroom as a tool to improve learning in the form of formative feedback which is motivating, meaningful and content that pupils can act on in order to improve. A positive learning environment with high expectations of pupils is vital for ensuring pupil progress. Questioning can also be used as a tool to probe and to test higher order skills and thinking to deepen understanding.
Within the mathematics department at the school, certain questions involving algebra are listed within the scheme of work as potential questions to assess understanding. I have observed many AfL techniques within the department such as mini whiteboard techniques to assess understanding within the lesson. With regards to dealing with misconceptions in the department as a whole, topics have been explored for the most common problem areas so that teaching can be adapted and tailored to the needs of the students. 
The school uses assessments every half term to track pupil progress so carrying out a pre and post-test is not out of the ordinary procedure of the school’s teaching methods. Pre and post testing is a form of formative assessment. Black & Wiliam (1998) focus on the issue of formative assessment being used to inform teachers on the attainment of their learners and allows them to adapt teaching in order to accelerate learning. Wiliam and Black concluded that formative assessment is effective in virtually all areas of learning, enhancing understanding through modified teaching techniques. 
Methodology

My intervention took place over a series of four lessons, beginning with a pre-test and finishing with a post-test to assess progress within my intervention lessons. My focus group consisted of 25 students from a year 9 middle ability class. All 25 students consented to the aims of the research proposal, however, one student was absent on the day of the post-test so there are data for 24 students included in this investigation. Prior to research, I carried out pre-experimental research into the advantages and disadvantages of various research tools. It has been suggested by Cohen et al (2013) that carrying out a pre-test prior to the series of lessons is an effective way of collecting data. Pre-testing allows the researcher to gain knowledge of the current level of understanding of the student. A post-test including similar style questions shows the researcher what the participant has learned over the intervention period.
Considering that such testing is common practice within teaching and learning in the school, the pre and post testing approach fitted in well with the school’s curriculum and the department’s scheme of work. 

Several factors need to be considered before carrying out the research. Cohen et al (2013) highlights that the time of day in which the testing takes place is important due to a number of variables. In order to achieve consistency, I gave the pre-test and post-test on a day when I had my focus group first period. I thought that this would be the best time to give the test as the pupils would not have had any lessons prior to the testing so there would be less distractions for the students. It is also important that both tests have a similar level of difficulty so that the results can be directly compared, focusing on the common misconceptions.

The pre-test allowed me to choose exactly what areas of algebra I wanted to assess, and I chose my questions based on research of relevant literature beforehand. As mentioned in my literature review, my questions aimed to draw out the most common misconceptions with algebra and to assess what the students already knew. An advantage of pre-testing and post-testing is that it allows the teacher to adapt the lessons to the students’ benefit as their understanding had been previously assessed. A study by Vanderstoep & Johnston (2008) shows that the benefits of collecting quantitative data is that results can be generalized to a wider population and the statistical methods mean that the analysis is often considered reliable. Due to the fact that the result of this method of data collection is quantitative rather than qualitative, it is a quick way of gathering data which is relatively easy to evaluate. However, being able to generalise results is not always the case as Cohen et al suggests that testing within a classroom becomes a nonparametric testing which means that we cannot make assumptions about the wider population outside of our sample group. 
Furthermore, along with advantages of this method of gathering data, come limitations. Due to the nature of this intervention, although results are produced in a short space of time, they cannot be used to assess the long term outcomes of the intervention. 

Once I had carried out the pre-test, I began my intervention which consisted of four previously planned out lessons. I planned the lessons so that they included a range of AfL techniques in order to enhance student progress within the lessons. The main AfL strategy I incorporated into my lessons was peer assessment and making use of wrong answers. Peer assessment has been said to have tremendous benefits to students to deepen understanding, due to students becoming more actively involved in the assessment process (Race, Brown & Smith, 2005). I used a piece of work that had been completed incorrectly, due to the possession of one of the misconceptions I was exploring. I gave the question to the students to mark and correct. This is beneficial to the students as it helps them to understand why certain methods are incorrect and prevents them from making the same mistakes.

Other forms of AfL that were used throughout the series of lessons include using mini whiteboards at the start of the lesson and again at the end, in order to gain instant assessment of what the pupils had learned during the lesson. I also made sure that I gave plenty of thinking time, using Think Pair Share where appropriate. This helped to build the confidence of students, resulting in increased student engagement in class discussions. This helped to lead onto the ‘basketball’ approach to class discussions. Wiliam (2012) suggested that class discussions should be less like ping pong and more like basketball. This means that instead of the questioning and discussion taking place between one particular student and the teacher, student response should be bounced from student to student. 

The ethical rights of participants is of great importance in this investigation. It follows the ethical guidelines for educational research set by the British Educational Research Association (BERA, 2011). Burgess (1989) emphasises the importance of informed consent while carrying out research on school students. Participants are informed of the study, including any information which may cause the participant to withdraw. Participants of this study were told that it was compulsory for them to participate in the pre-test and post-test as these are standard practice of formative assessment within the curriculum. However, participants had the right to choose for their results not to be included in my evaluation. All details of the study was explained to the participants in my intervention class prior to the pre-test. Participants were ensured that their results would remain anonymous and they had the right to withdraw from the study at any time, stressing that they would not be at a disadvantage for not taking part in the study. 
Walford (2006) reports that researchers should give anonymity to individuals involved in research as it is stated in ethical guidelines and codes of practice (BERA, 2011). Participants were ensured that although their results would be involved in the research, students, staff and the school would remain anonymous. 
Carrying out this research intervention in my placement school means that I become a participant as well as a researcher as the school is an organisation that I am already a part of. This can run the risk of the boundaries of the role as a teacher and the role of the researcher becoming blurred. However, in this particular study, the use of informed consent ensures the ethical issues are covered. There are limitations to this such as participants becoming under pressure to perform well because they may think that the results will have an impact on them as a student.

Evaluation

To gain a true representation of how the pupils progressed during my intervention period, I carried out the pre-test before the pupils had covered any work on algebra. This allowed me to achieve a clearer understanding of the effect my teaching techniques and resources had on the pupils in my intervention class. Throughout the intervention lessons, I used a range of teaching techniques based on the results of the pre-test. 
While evaluating the results of the pre-test, it was clear to see that the misconceptions previously researched were evident in the results.  Question one showed that some students had the misconception of grouping unlike terms together as they perceive operators in the final answer as ‘unfinished’. 21 out of the 24 students (88%) got part a) and b) correct. However, on part c, only 13 (54%) left their answer as  
In question two, 22 out of the 24 students (92%) answered part a) and b) correctly but 7 students (29%) answered part c wrong as instead of seeing  as 3 multiplied by b, they replaced the letter  by a number 3, giving them an answer of . This result confirmed what I had expected to happen. The next question gave interesting results. All of the students got the first two questions correct, however only 9 students (38%) were correct on part c) and 3 were correct on part d). The reasons for incorrect answers seem to be ambiguous in this case. I think this is partially a result of students ignoring negative signs and partly due to grouping unlike terms, which were both misconceptions mentioned in the literature.  Question four also highlighted the tendency to ignore negative signs and just look at the numbers. 14 students (58%) managed to circle the correct answer for all 5 statements. For the students who answered the question incorrectly, the general pattern was that if the  came first and then the , they would circle ‘yes’, but when they were written the other way around, they automatically circled ‘no’ without taking the sign in front of the terms into account. 
The final question was the worst answered question by the class in general. Only 5 students (21%) were able to form an expression using the sentence provided. Therefore only these students proceeded to answer part b) and c) correctly. This result could be due to the non-numerical misconception earlier addressed where students may see the letter  as one packet of crisps and do not link that could be any number.
Zaslavsky (2005) emphasises the importance of cognitive conflict in the teaching methods of a successful teacher. It is a useful strategy to create uncertainty in the minds of our pupils to result in creative thinking and a deeper understanding. This is a method that I found extremely successful during all four of my intervention lessons for helping to overcome misconceptions. Bell et al. (1985) conducted a similar research project involving a pre- test and a post-test with two different classes. One class was taught solely using the correct methods for questions and the other was taught using conflicting methods. The results showed an increase in learning in the group that was taught using cognitive conflict. In one of my lessons, I used this technique to prove to pupils that  is not the same as . I asked the students to substitute a value for  into the two expressions and show me using their planners if they are equal. This allowed the students to realise that the two expressions are not equal and that we cannot group together numbers attached to letters with lone numbers. However, when this skill was used in the next lesson, some pupils did begin to make the same mistake of grouping unlike terms. Having said that, I only had to remind them to think back to the previous lesson until they remembered why we cannot do this. On the whole, this technique was very beneficial to me in my attempt to overcome this misconception and the class teacher’s observation notes stress how much of an impact this had on student learning. 
Another strategy that I used during my lessons was peer assessment, using a success criteria to expose students to what they should be striving towards. According to Toping (2009), peer assessment has a large impact on improving the quality of learning. He suggests that it has an even greater impact, with greater reliability, if it is backed up with a success criteria constructed by the teacher, close teacher assistance and monitoring. During one of the intervention lessons, I used peer assessment following a solving equations task. One of the main problems that students faced when solving equations was writing down all the steps. After evaluating the pre-tests, it seemed that many students were stuck in the habit of trying random numbers as substitutions for ‘x’ instead of following a set method each time. To change this habit, I set up a success criteria including the key steps to finding the solution to an equation. I gave the students a set of questions on solving equations and explained to them that they would need to follow the steps in order to be successful. After the task, I asked them to assess their peer’s work, giving them a mark for each step in the checklist and finally, asked them to make a comment on how their peer could improve in the future. I found that this was particularly helpful when students were faced with multistep equations involving the expansion of brackets. However, on reflection of this task, the quality of the comments made by students were not worth the time that I had dedicated to the task. I think this was due to the fact that many students were unsure on the type of comment to give. Therefore, if I was to use this method again, I would ensure to provide the students with sentence starters so that the quality of written response improves, resulting in a greater improvement of students’ work. Students would also improve from being shown an example of the type of comments used during a peer assessment.
Longfield (2009) suggested that new information is learned best when it is related to something that the learner already has an understanding of. This leads on to the concept of relating issues in mathematics to the real life world. According to the National Research Council (2001), productive disposition results in students having a deeper understanding of the mathematics because it becomes more useful and worthwhile to students. Civil (2002) focuses on creating a link between the mathematics students learn at school and situations that they face day to day. In my lessons, I attempted to make a link between algebra and real life situations. One example of this was a task where students had to write algebraic expressions for worded situations. Initially, students struggled to relate the situations to algebra but I think it was partly due to a lack of sufficient modelling by the teacher. After I had modelled some similar questions on the board, students used highlighters to pick out the key information. Once students started to see how certain situations could easily be solved using algebra, they attitude towards the topic changed. Reflecting on using this technique within my lessons, in hindsight, I would include more of these type of tasks to get develop students’ their problem solving skills. A suggestion for improvement would be to dedicate a whole lesson to problem solving skills involving algebra and everyday situations. This would give the concept more purpose and would have been more beneficial to the students. 
During the intervention lessons, I assessed the students in a number of ways. I found that using mini whiteboards was an effective way of being able to instantly assess the class in a short amount of time. According to Swan (2005), mini-whiteboard exercises are effective for the teacher to be able to gain instant assessment of the students in the class. I used whiteboards throughout my lessons after I had gone through examples on the board, and before setting them a task. This was useful because I was able to gage whether the pupils were ready to move on or whether I should go through another example with them before setting them off to practice. As supported by the comments from the class teacher, assessing students before setting a task had a great positive impact on my lessons as  pupils were more engaged, resulting in a more positive classroom environment. One limitation I found with this method of assessment for learning was that it was an opportunity for weaker students to copy the person next to them. On many occasions, I saw students write their answer down, look around to see what other people had and then change their answer before I asked for boards up. In the future, I would continue to use mini whiteboards to assess students in this way along with other methods allowing for instant assessment such as introducing an app such as Plickers to ensure that students are unable to copy one another. 
This instant assessment also helped me with my questioning techniques within my lessons. Hodgen & Wiliam (1998) emphasise the importance of effective questioning in the classroom. Effective questioning aims to probe deeper into students’ thinking. Open questions are considered more effective than closed questions as they allow students to order their thinking before answering the question (DfES, 2005). Bouncing questions from one student to another creates a dynamic classroom environment, resulting in a more engaging discussion. Assessing students using whiteboards helped me to target my questions to specific pupils. I made a mental note of the level of understanding of students and aimed more basic questions at students who were finding the concept difficult. I then used a ‘no hands up’ approach to allow me to target questions at specific students. This helped students to gain confidence, becoming more vocal in discussions to build on their knowledge. On the other hand, I aimed harder questions which required more thought to the students who I thought were confident with the content and needed probing to deepen thinking skills. Questioning students in this way did have a positive impact on the students, however, it is difficult to evaluate whether this strategy had a direct impact on the improvement of the pre-test results. To make this more reliable, the same research study could be carried out with two classes of students, using effective questioning with one class and being restrictive in the question style in the other class.

The results of the post-test show an improvement on those of the pre-test. However, the changes were not as significant as I expected them to be. The results show that 29% of the students were still grouping unlike terms together when simplifying expressions. However, on the second question involving substitution, all 24 students got the three parts correct. This implies that my method of teaching by cognitive conflict had an effective impact on students’ learning. Following the intervention, I can make the judgement that the students had a greater understanding of negative signs and the importance of the fact that they are attached to the number which follows it. This is highlighted in the third question on the post-test as the percentage of students who correctly circled the correct answers increased from 58% to 83%. Writing an algebraic expression from a worded situation is something that students improved greatly on. In the pre-test, only 21% of the students were able to form an expression in terms of . However, as a result of my teaching methods explained above, this rose to 67% in the post test.
Overall, while all misconceptions were not fully combatted with every student, the students in my intervention group had a much improved understanding of using algebra and solving equations by the end of the intervention. Although there are improvements to be made on the resources used and teaching strategies, I think that the selected resources and range of Assessment for Learning teaching methods were of great value in the improvement of the students’ results.
Conclusions
During the process of this research project, I have come to realise the importance of drawing out and addressing the common misconceptions in all areas of Mathematics. As a teacher, knowledge of the key areas when misconceptions are likely to arise is crucial in the planning stage for any topic. As stated by Tanner & Jones (2000), pupils need to be faced with uncertainty about their current understanding in order for learning to take place. The most effective way to introduce this uncertainty to students is to create cognitive conflict as emphasized by Zaslavsky (2005). Once pupils are exposed to a situation that their current rule does not apply to, it forces them to re-evaluate their own understanding. This method encourages learning to be more independent which has a greater impact on long term knowledge (Chambers & Timlin, 2013). 
Pre-testing and post-testing is a method which shows clear results in a short space of time. As I have found from carrying out this investigation, it is an effective research method to use to gather data at ease. It allows the researcher to choose specific questions based on relevant literature, meaning that the teaching can be directly targeted to the set of chosen questions. This also allows teaching strategies to be assessed as results from the tests can be compared. Longfield (2009) suggests that new information is best learned by a student when it can be linked to knowledge they already have. A teaching strategy which personally worked during my intervention was being able to relate algebra to real life by giving pupils a worded situation and have them convert the situation to an equation using algebra. Relating the new content to a simple situation that the students already have experience and knowledge of, helped them to build on the knowledge and understanding that already exists. This fits in with the curriculum of the school as relating mathematics to real world concepts has strong links with Donaldson’s Successful Futures (2015) and the four purposes for education. 
Exposing students to common misconceptions throughout the topic has proven to be beneficial from the evaluation of my results. This is most effectively achieved by using cognitive conflict to create a ‘sense of unease about their current understanding’ (Tanner & Jones, 2000). Allowing pupils to peer assess work by picking out the mistakes and writing comments on how to improve is also an effective task to allow students to realise what the key stages are in the method of solving algebraic equations. 
The Assessment for Learning teaching strategies have clearly proven to have a positive impact on the learning of the students involved in the study. Assessment is a vital tool for the teacher to use to implement planning so that resources are tailored to the class and individual students within the class (Toping, 2009). The strategies mentioned above in the evaluation have been successful in contributing to the improved results of the post-test. However, as this intervention was carried out over such a short period of time, results are limited as there are so many different misconceptions a student can hold. 
In my future teaching, carrying out some prior research into the existing literature exploring the common misconceptions of the topics I will teach is something that will improve my lessons. As a result, I expect to see an improvement in student progress within my lessons. Using the Assessment for Learning techniques that I have used in this research project will allow my planning to become personal to the class and their ability. I will continue to use these strategies, ensuring to appropriately scaffold the materials to maximise success of students so they are able to reach their potential. 

Overall, I believe that the strategies put in place were successful in addressing misconceptions in attempt to eradicate the select few that I decided to focus on within algebra and equations. Given the improvements made my students in my intervention class, I would suggest that this intervention strategy be implemented in future schemes of learning for this particular class and for other classes to continue to address misconceptions within algebra and all areas of mathematics. 

Limitations & Future Development
Due to the nature of this research, there are a number of limitations which have an impact on the effectiveness of the study. Diane Schanzenbach (2012) explores external validity of research carried out in education, highlighting that if the same study was to be carried out in a different location or with a different group of students, the study may have a different impact. Therefore, a limitation to this research study is that it took place within one class of 25 students of similar ability from one school, meaning that it cannot be generalised to the wider population. 
As this is a short term investigation, it is one that only provides limited results. The intervention took place over a series of only four lessons meaning that the timeframe is too short to be able to make apply the results of this project to other situations. The time period is not long enough to look into all of the misconceptions that could arise in this topic and as it is typically taught in 4-6 lessons, there is not realistically possible to go into major detail about every concept within the topic. 
Another limitation to this research project is that I did not have a control class to compare the results with. There was no class who took part in pre-testing and post-testing without the intervention lessons, therefore the validity of the research could be challenged as there is no proof that the materials, resources and teaching methods had any direct impact on the improvement of the students involved in the study (McLeod, 2007). Having a control class would improve validity as comparisons could be made to consider the true impact of the teaching techniques suggested by literature. A problem with this would be that there wouldn’t necessarily be another class with the same qualities of the intervention class, making the comparison unreliable. 
A further drawback to this study is the fact that, due to ethical reasons, the researcher was required to gain informed consent. This means that students were exposed to the aims of the study. Due to the role of being a researcher and a participant, some students may have felt obliged to take part in the study because students may have thought that they would be at a disadvantage if they withdrew from the study. Another side to this is the argument that the study is biased due to the fact that the students were aware of the aims of the research study beforehand. 
The data collected from the pre-testing and post-testing during the research meant that only quantitative data was collected. The limitation of collecting quantitative data is that it requires a large sample size. Baxter (2008) emphasises that there are limited outcomes in a quantitative research because the researcher chooses the questions. This means that data will only be collected on this specific set of questions. A recommendation for the future would be to carry out a study where both quantitative and qualitative data can be collected. For example, in the context of this particular study, an idea would be to assess student engagement in lessons by evaluating the quality of pupil response and engagement in class discussions as a result of the AfL strategies implemented within the classroom over the intervention period. 
 
Taking future implications of this study into account, I would recommend the study to become one that is more long term. To increase validity of the study, a suggestion would be to carry out the investigation in a particular topic over a number of years to assess whether the same misconceptions arise with the same students. For example, an intervention could be held during the algebra topic in Year 7 and then again with the same class in Year 8 or Year 9. This would allow the researcher to assess student progress over a longer period of time, meaning that results would be more reliable and be able to be generalised to the wider population. However, a drawback of this recommendation would be that the class may change teachers from year to year, resulting in inconsistency in teaching methods. 
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