[image: Discover University of Wales Trinity Saint David] 
APPENDIX GA36d

	LEVEL 7 ASSESSMENT SPECIFICATION 



	Student name:
	Rhodri Jenkins
	Student ID number:
	1805262

	Programme:
	Secondary PGCE

	Module:
	Curriculum Development and Enhancement 


	Module code:
	ECSP7002
	Contribution to Overall Module Assessment (%):
	100%

	Lecturer:
	Helen Denny
	Internal Verifier:
	

	Assignment Title:
	Research Study including Ethics Form 

	Word count (or equivalent):
	10.000 words in total including an Ethics form (to be given in on January 11th 2019) 


	Submission deadline:
	May 13th 2019 

	Return date of provisional marks & written feedback:
	June 10th 2019 


	Submission method:
	All written assessments, where practical and possible, must be submitted via Turnitin unless otherwise instructed by the Lecturer. (Please DO NOT put this assessment specification into Turnitin or it will match many similarities with other students’ submissions.)
Alternative submission method (if applicable): 
Late submission of the assessment will result in a late penalty mark.  Penalties for late submission: Up to one week late, maximum mark of 50%.  Over one week late, 0%.  Only the Extenuating Circumstances Panel may approve a change to submission dates.

	Academic honesty / referencing:
	Academic honesty is required. In the main body of your submission you must give credit to authors on whose research and ideas your work is based. Append to your submission a reference list that indicates the books, articles, etc. that you have used, cited or quoted in order to complete this assessment.  



[bookmark: _GoBack]ECSP7002 - Curriculum Development and Enhancement 
For the purposes of this research study I will be referring to the school in which the research was undertaken as School X in order to maintain anonymity and confidentiality. School X is a large English medium 11-16 school with 790 pupils situated in the county of Neath Port Talbot. At present 19.5% of the pupils are eligible for Free School Meals, with 22.5% of pupils having Special Educational Needs. 5.1% of pupils in the school speak English as an additional language with 1.4% speaking Welsh fluently. During their last inspection in 2014 the school received ‘Good’ for both their current performance and their prospects for improvement (Estyn, 2014). The class within which the research was conducted was a Year 9 Set 2 class of 30 pupils, 28 of which were present when the research was undertaken. The pupils are of varying ability with some being very able and others struggling slightly with more difficult mathematical concepts.
I have chosen to investigate misconceptions in the topic of Algebra, specially relating to the negative sign and brackets. This is an area that pupils are known to struggle with and there are, therefore many misconceptions surrounding this.
In order to understand what misconceptions are associated with this topic and why children generate these misconceptions, it is first important to understand what misconceptions are and how they differ from careless mistakes. Tanner, Jones (2000) state that pupils’ errors are often the result of misconceptions, that is the pupil’s creation of a rule or belief that leads them to an incorrect answer, rather than a careless error. This view is also shared by (Ryan, Williams 2007) who state that these types of errors should be valued by teachers and pupils as they offer an insight into the workings of learner’s minds that other mistakes cannot. This view is shared by Swan (2002) who believes that misconceptions should be welcomed in the classroom, rather than avoided. Byrd, McNeil, Chesney, Mathews (2015) are of the opposing view, stating that misconceptions act as a barrier to children’s learning, discussing the idea that what children learn early on can influence their ability to undertake further mathematical learning later in life. Where mistakes can be seen as a procedural error, something that simply requires the pupil to be made aware of and subsequently correct, misconceptions are derived from an internal belief by the pupil that what they have done is correct. This is much more difficult to solve since the pupil themselves is convinced that what they have done is right. 
Booth, Koedinger (2008) make the argument that no pupils come into a classroom as blank slates and that there is always prior knowledge that has been implanted from other sources. This is directly contradicted by those of a behaviourist belief, who say that pupils are more like an empty vessel that is to be filled by the teacher, and that any misconceptions are simply erroneous data that needs to be overwritten. Ryan, Williams (2007) state that behaviourists view learning as a change in behaviour that has resulted from the intake of new information. Dismissing the idea that the child has any part in constructing their own learning, and instead proposing that pupils are in the classroom to assimilate the knowledge that the teacher imparts upon them. Ryan, Williams (2007) also state that the behaviourist approach can result in rote learning, which puts little value into understanding and as such can lead to failure. Constructivists such as Piaget and Skemp would support the idea suggested by Booth, Koedinger (2008) in saying that children do not simply learn by having things thrown at them, but instead build up their own version of knowledge by what is seen around them, integrating their existing ideas with anything new that is given to them. Piaget (1923) introduced this form of conceptual structure of knowledge as a schema, stating that the schema becomes more built up over time as the individual acquires more knowledge. Skemp (1976) agrees, stating that schema are never complete and that knowledge is always being added to them, suggesting that throughout their education pupils will be constantly adding and adjusting their knowledge.
When the pupil is required to assimilate new knowledge into their existing conceptual structure, they must accommodate that knowledge for it to fit within their schema. As such the child may find that some reorganisation is necessary in order to make sure the new knowledge fits successfully. It is therefore from this reorganisation that misconceptions can begin to occur as the child seeks to organise new knowledge. In many cases pupils will see something that can trigger previously acquired knowledge and automatically attach the new information onto that. For constructivist thinkers, misconceptions are crucial to the learner as they form part of the learner’s schema. As stated by (Olivier, 1989) misconceptions will interact negatively within the learner’s knowledge by generating errors and therefore allowing them to make changes within their conceptual structure. Olivier (1989) also points out that this would not be true for those of a behaviourist view who would say that in order to learn, the pupils simply need to stockpile new information on top of what already exists within their minds. In order to fully understand misconceptions, it is necessary to look at things from a constructivist view, as this allows the idea that misconceptions can be formed when knowledge is incorrectly assimilated into a pupil’s conceptual structure. 
As stated by (Tanner, Jones 2000) and (Chambers, Timlin, 2005) applying previously learnt mathematical knowledge is key to progressing in the subject. To be able to access the higher-level topics in Mathematics, you must first have a firm grasp on the basics. This is further echoed by (Olivier, 1989) stating that as mathematics is a cumulative subject, new learning is entirely dependent on previous learning. It can therefore be said that any previous incorrect learning that is applied to new concepts can lead to misconceptions. As stated by (Booth, Koedinger, 2008) there are various mathematical functions such as the equals sign and the negative sign that need to be fully understood in order to access the topic of algebraic problem solving. Where knowledge of these functions is applied incorrectly due to the misconceptions pupils hold about them, they are unable to produce the correct answer. This is due to pupils holding an instrumental understanding of the processes they are faced with, for example, the equals sign being a cue to provide an answer, rather than meaning equilibrium. Ryan, Williams (2007) state that this is due to conceptual changes in mathematical functions such as the equal sign, as pupils progress in their learning these symbols take on expanded meaning and as such cause pupils’ difficulty. Byrd, McNeil, Chesney, Mathews (2015) agree with this idea, stating that pupil’s knowledge of a process or concept is often based on their initial findings and experiences, and as such can act as a barrier to their future learning. Ryan, Williams (2007) state that in order to avoid this, pupils must be able to connect their previous learning with the new process of the concept, understanding that both are true and correct. 
Olivier (1998) makes the argument that misconceptions can mostly be attributed to an overgeneralisation of previously learnt knowledge, the idea that something which worked previously must now also work elsewhere. This is shared by (Ryan, Williams 2007) who state that most of the errors for which overgeneralisation is responsible for are concerned with pupils applying rules which had been established in whole numbers into areas such as decimals, fractions and negative numbers.
Another source of misconceptions in pupils is the idea of modelling, that is how mathematics is connected to the real world for pupils to visualise it and provide concrete examples. As stated by (Ryan, Williams 2007) this is extremely common when teaching mathematics, especially at younger stages of education where concepts can be difficult to grasp. Ryan, Williams (2007) use an example of children being able to add using bricks as a visual cue, however, they may then be unable to provide an answer when asked to add one and two. Tanner, Jones (2000) agree that while using real life examples can stimulate the imagination of the pupil, they often fail to apply knowledge when needed as they do not realise its importance. 
Much like modelling, prototypical thinking can have a huge effect on pupils when it comes to forming misconceptions. Ryan, Williams (2007) state that prototypes in this sense are classified as typical examples, and state that pupils form misconceptions in thinking that something is always going to occur in the same way. Therefore, when things change, they are not able to adjust their thinking and simply apply their previously learnt knowledge incorrectly. 
Where the problem of misconceptions becomes slightly more difficult is in the cases where pupils use incorrect strategies but still achieve a correct answer for some of the problems. Booth, Koedinger (2008) state that this only further reinforces the belief in the student that their misconception is correct, those pupils, without the understanding to see why this isn’t the case, will simply continue to believe that they have the correct strategy for solving problems. As such it is these pupils who will struggle to gain any meaningful knowledge (Booth, Koedinger 2008). 
As well as situations where the pupil holds the belief that they are correct, it is equally as common for pupils to apply misconceptions in moments where they feel they do not know what to do. When confronted with a situation that is unknown, pupils may panic and rely on previous knowledge, applying it incorrectly in order to avoid embarrassment at not knowing the answer. This is particularly of note when considering the topic of Algebra which, as stated by (Ryan, Williams 2007) is a subject that can be very difficult for pupils as it introduces concepts that are a lot more abstract than the pupils have previously been accustomed to. This in turn can decrease the pupil’s ability to link their previous knowledge with that of algebraic functions as it does not make sense to them and does not fit in with their previously acquired way of thinking (Ryan, Williams 2007). Piaget and Vygotsky talk about how learners construct their knowledge with the help of others. Pupils are able to assimilate new information into their existing bank of knowledge. Most pupils learn by modelling what they have seen their teacher do and then develop their own version of the concept (Tanner, Jones 2000). These then need to be compared with that of the Teacher in order for the pupil to gain confidence in their own knowledge. The challenge for teachers is that pupils do no know they have a misconception as they believe the idea they have constructed is correct. As Tanner, Jones (2000) state that pupils cannot volunteer the fact that they have a misconception, it is up to the teacher to find and challenge them. 
Misconceptions can also be formed from externals factors. As stated by Pivarč (2015) incorrect information received from friends and family or other external sources may develop early on in a child’s life and exist through to adulthood. As such, the discovery of new knowledge that challenges these misconceptions may produce an emotional from the pupil.
Therefore, it is crucial that teachers are able to draw out misconceptions from pupils through their own teaching. As stated by (Tanner, Jones 2000) some pupils will be able to achieve the correct answer even with misconceptions. This point was shared by (Booth, Koedinger, 2008) as pupils who have misconceptions are often still able to achieve a correct solution to the problems they are presented with. As such, it is important for teachers to have knowledge beforehand what misconceptions may occur and plan accordingly. Tanner, Jones (2000) agree that teaching strategies should be designed to address any possible misconceptions that have been found through research and asking other teachers. 
In order for pupils to successfully overcome their misconceptions they must first be made aware that what they believe to be correct is in fact not true. When faced with a problem many pupils will look to what they already know, they will look to their schema in order to find that which is familiar and relatable to the problem they have in front of them. Olivier (1989) states that the pupil’s solution to a specific problem is entirely dependant on the schema they possess, and it is their ability to retrieve the correct information that will determine the outcome of the problem. Where the scheme is incomplete or flawed, or the pupil is unable to retrieve the information required, the solution will not be correct.  
Davis (1984) suggests that in some cases, misconceptions occur due to a retrieval error when looking for the appropriate information, and as such some pupils may offer incorrect solutions when presented with a problem. Olivier (1989) believes that this is caused by pupils defaulting to a previously learnt piece of knowledge, despite the correct knowledge being in place. As more recently acquired knowledge may not be as secure or well assimilated, the pupil relies on the more secure schema in order to provide a solution. In these situations, if the pupils were to look again at the information, they had provided it could show them that they are in fact incorrect.
As stated by Swan (2002) getting pupils to overcome their first impulse and take a second look at their work is not something that comes easily. The need for review of work is crucial to pupils understanding their misconceptions. According to (Piaget, 1975) pupils need time to interact with their surroundings in order to assimilate and accommodate new knowledge, most effectively through working with their peers to discuss ideas and produce a solution that is viable for both parties. Piaget (1975) stated that is was crucial for these peers to be of equal ability for this type of learning to occur. If pupils are unevenly matched, then one may give in too quickly to the other without having time to truly evaluate what has taken place. In these situations, misconceptions would not be challenged as the pupil who resigned himself to take the word of the other has not experienced any change in their conceptual structure. Piaget (1975) believed that two equals providing differing points of view would be equally committed to finding the correct solution. 
Swan (2002) discusses the idea of teaching through ‘cognitive conflict’, that is the process by which pupils are made to see their own mistakes by being provided with evidence that challenges their current beliefs. By producing cognitive conflict within the pupil’s mind, it challenges the misconception and generates the thought within the pupil that what they previously believed I not correct. Swan (2002) believes that pupils should be allowed to voice their ideas and methods before any teaching is imparted, thus being able to assess the pupils level before any teaching input is given. This suggests that pupils should be allowed to discover misconceptions for themselves through discussion and comparison of each other’s work, leading to cognitive conflict as they view the work of their peers and adjust their own ideas according to the results they see. Tanner, Jones (2000) agree with this method, stating that pupils need to see that they are incorrect and having a certain unease about their work can provoke them to construct new correct knowledge. They also state that is not enough to tell a pupil with a misconception that they are wrong, as this will not challenge their misconception. Swan (2002) states that pupils will develop their own version of the mathematics that is being taught, a view that is shared by (Tanner, Jones 2000) stating that pupils need to do this in order to learn. 
Overall, misconceptions are a natural part of the learning process. As (Olivier, 1989) states misconceptions are formed from rational attempts to form understanding of concepts that do not fit into their current knowledge. As stated by (Tanner, Jones 2000) and Swan (2002) misconceptions can provide opportunities for teaching and further understanding from pupils. The challenge for educational practitioners is to be able to successfully implement strategies such as cognitive conflict that help to confront these misconceptions. Tanner, Jones (2000) suggest the role of the teacher is to help resolve the conflict within the pupils.
In order to ensure that the content of the diagnostic test that was given to the pupils was appropriate, it was designed with careful consideration of the Scheme of Work for Year 9 in School X as well as well input from staff in the Mathematics Department. The Scheme of Work includes details of which areas of the topic are to be taught to all pupils in the year group, as well as highlighting the higher-level concepts that will only be taught to Set One classes. It was therefore crucial to use the Scheme of Work and consult with other teachers in the school to ensure the questions in the diagnostic Test were of the appropriate level and demonstrated a gradual increase in challenge, without becoming too difficult for the pupils. The same consideration was taken when designing the sequence of lessons for the intervention teaching as it was of upmost importance to ensure that all the lessons adhered closely to the Scheme of Work. Consulting closely with the class teacher made sure that the content of the lessons was pitched correctly so that all pupils could access the lesson, as well as making sure that each pupil was suitably challenged. The Scheme of work also highlighted common misconceptions that should be addressed within the lessons which gave an indication of the experiences previously faced by teachers in the school. Using the scheme of work and consulting with other members of staff allowed the diagnostic test to be designed highlight these common misconceptions, as well any as others that the pupils may have.
The Scheme of Work also highlights which methodology of teaching is to be implemented for each topic. This was of importance to the planning of the sequence of lessons as it showed how the pupils will have been taught throughout their time in the school. As each class will have had different teachers it was also important to liaise with members of staff in the Mathematics Department regarding how the class may have been taught previously. Each lesson in the sequence was designed to ensure the consistency of the teaching methods used, paying close attention to methodology outlined in the Scheme of Work and the advice from other members of staff. This ensured that the pupils were familiar with the methods shown and would be able to recall previous knowledge from earlier in their time in the school, as well as making sure that no new misconceptions were developed as a result of unfamiliar teaching methodology. 
By consulting carefully with members of Staff in School X and adhering closely to the Scheme of Work for Year 9 the diagnostic Test and the Intervention teaching were able to fit within the departmental practices of the School. The sequence of lessons were still able to provide the pupils with the necessary knowledge required by the School, as well as allowing the pupils to satisfy the requirements of this research.
The focus of this research is concerned with the misconceptions that children develop when studying mathematics. It is there important that the selected methods were suitable and effective in order to be able to fully answer the research questions. The research took the form of a Pre-Test, Intervention and Post-Test. In order to successfully show if any change has taken place the Pre and Post tests were identical and contained eight questions, all of which related to brackets and negative numbers in Algebra. The intervention took the form of six lessons designed to highlight misconceptions within the topic of algebra, specifically relating to brackets. Each lesson of the sequence involved the use of negative numbers in order to demonstrate the effect they have upon brackets and other elements in algebra. This methodology was chosen as it allowed direct comparison between the group before and after the intervention teaching had taken place. Cranmer (2018) suggests this method of research is advantageous as it provides a baseline from which progress can be measured. He also suggests that it is simple to implement and draw analysis from. 
One of the main limitations of the Pre-test Post-test research design is the idea of external factors influencing the test results. Cranmer (2018) and Marsden, Torgerson (2012) both state the idea that external factors that occur between the Pre-test and Post-test stages can have an influence on the outcome of the research. Cranmer (2018) suggest that the observed change in results from the Pre-test to the Post-test may be attributed to factors that are out side of the confines of the lesson given that the pupils will spend most of their time outside of the classroom. 
Another limitation is the maturation effect, the idea that pupil’s ability to acquire knowledge is more likely to be affected by their development over time rather than the effects of the intervention teaching. Marsden, Torgerson (2012) suggest that learners will make progress over time simply due to their increasing maturity. This view is shared by (Knapp, 2016) suggesting that the participants getting older will have an effect on the Post-test results.
While it is not possible to fully discount these limitations influencing the study, every effort was made to ensure that there was limited effect on the results. The intervention teaching took place immediately after the Pre-test, and the Post-test was administered immediately after that. The intervention teaching allowed the pupils time to fully assimilate new knowledge and become comfortable with the concepts involved. Any potential maturation was limited by making sure the teaching is concise and not drawn out and it is not expected that the results will be affected by pupils getting older in the space of a week.
Prior to the pre-test, the pupils involved had been taught two lessons on collecting like terms in Algebra by the class teacher, they therefore had prior knowledge of this, and it was not something that was particularly focused on during the intervention teaching. This method of research and data collection was chosen to allow a direct comparison between the Pre-test and Post-test, in order to evaluate the success of the intervention teaching. The class chosen for the research was a Year 9 Set 2, with 28 pupils who all gave permission to be included in the research and were present for the Pre-test and Post-Test. All participants were made aware of their right to not be included in the results if they wished. This class was chosen as they did not have any previous knowledge of the chosen area of study. 
As algebra is vast, it was decided that the research would be focused on the misconceptions that occur when pupils deal with negative numbers and brackets. As stated by (Stringer, 2007) including too many aspects can make a research study too complex, while making it too limited may ignore potential issues that can have a significant effect. 
 In order to make data collection simple the questions on the diagnostic test were multiple choice in order to limit the answers that could be given. As stated by (Cohen, Manion, Morrison, 2011) multiple choice questions allow the researcher to have more control when collecting complex information, this is therefore highly appropriate for questions on Algebra where complex answers could be given by the students. Each question has 4 choices to choose from, with each answer being chosen by simulating a certain misconception or belief of how to answer the question correctly. In many cases answers may be like each other with certain key elements such as signs being different. Pupils who understand how to answer the question will be able to see that certain answers look more correct than others, but then still may make errors based on their own knowledge of elements such as the negative sign or brackets. 
One of the limitations of this form of question is that those pupils who do not have the correct response will be more likely to guess by selecting the answer that looks like it might be correct, and potentially still get the question right. In this scenario, it is not possible to evaluate whether the teaching has been successful on that student. However, this was a more reliable way of gaining data that can be quantified and evaluated, rather than having pupils provide their own answers to each question. This also allowed the questions to be more focused on the misconceptions of the pupils as they would choose an answer that best suited their conceptual structure on the topic. Pupils who do not possess the correct knowledge are not only less likely to pick the correct answer, but also not show that they know what the correct answer looks like. 
An ethical concern with the chosen method of in class diagnostic test was the potential pressure that the students would face while undertaking the test. In order to ensure this was not an issue the participants were made aware that the research was strictly concerned with looking at teaching approaches and methods, rather than their performance in the test itself. The participants were also made aware that the teaching itself would form part of their usual lesson structure and would therefore not differ in any way from their usual teaching. This was done to ensure that the research has as little impact as possible on the school experience for the pupils. 
In order to analyse the data from the Pre-test and Post-test a percentage will be given for each question before and after the intervention teaching. These percentages will then be compared to see if there has been an increase or decrease in the number of correct answers and therefore asses the impact of the intervention teaching. 
The intervention teaching took the form of six lessons that covered all the material on the Pre-test and Post-test. The first activity of each was a short starter that was designed to activate the prior knowledge of the lesson before. This was key to ensuring the pupils had retained the knowledge from the previous lesson. This is something that (Tanner, Jones 2000) and (Chambers, Timlin 2004) state is crucial to ensuring pupils retain knowledge. The starter activities were chosen as short activities often involving the use of mini-whiteboards or true or false questions. These allowed for assessment for learning and gave an overall view of the understanding of the class before continuing with the rest of the lesson. The next stage in the lessons would be an explanation of the topic, followed by teacher led examples that would be worked through on the board as a whole class. This modelling is essential as the pupils need concrete examples written down that they can refer to later when attempting questions on their own. As stated by (Allison, Tharby 2015) it is during these explanations that pupils take concepts that were previously abstract and begin to make them concrete. During this time, questioning is key to drawing out any misconceptions associated with the topic, as such the examples were designed to highlight specific issues that pupils may come up against. The main activity of each lesson is specifically designed to follow on from the examples while increasing the level of challenge as the tasks increased in difficulty. This was to ensure the lesson provided the appropriate level of challenge and pushed pupils into the Zone of Proximal Development (Vygotsky, 1978). As (Chambers, Timlin 2015) suggest a challenging lesson is more likely to engage pupils with a topic. Each task contained questions that were designed with specific misconceptions in mind. Extension work was provided as, even within a Set 2 Class, there are still those who are more able and therefore require more of a challenge. 
After each main activity there was a period in which pupils would be able to mark their work and gain feedback on how they have performed. Chambers, Timlin (2013) and Allison, Tharby (2015) suggest that feedback is crucial for pupils to develop confidence in their own work. This also gave pupils time to reflect on their work, and the opportunity to question why certain answers had occurred. During this time, pupils interact with each other and challenge each other’s answers. As stated by (Piaget, 1975) peers who can discuss their ideas with each other are more likely to learn from each other.
Most lessons in the sequence included a second activity such as a Tarsia Puzzle that differed from the main activity. This was intended as a way for the students to apply the knowledge they had learnt in the lesson in a different way, as well as exposing any further misconceptions the pupils had.
The plenary task of each lesson was specially designed to highlight certain misconceptions and make pupils aware of them, as stated by (Chambers, Timlin, 2013) this is the time in the lesson where pupils are made aware of what they have learnt within the lesson. The tasks chosen allowed pupils to draw out misconceptions for themselves as they were asked to think about why certain answers were given, as well as working in groups or pairs to come up with correct solutions. During each lesson feedback and assistance was provided through teacher observation while circulating the classroom. This is an excellent opportunity for one to one interaction with pupils, providing feedback on classwork and provoking discussion amongst groups of students. 
Lesson one in the sequence was an introduction to expanding brackets. The starter activity was four questions on collecting like terms that the students undertook on mini-whiteboards. This was work that had been taught previously by the class teacher. The use of mini-whiteboards allowed instant feedback on the knowledge level of the class and provided confidence in their ability to move on and begin the work on expanding brackets, as without this prior knowledge they would have struggled to connect with the content of the lesson. As the class had not encountered brackets in algebra before, it was necessary to start with basic examples in order to build their confidence. This skill was crucial as the Pre-test and Post-test contained questions involved the expanding of one and two brackets, therefore it was important for the pupils to master this skill. The main activity of the lesson involved questions on the board which increased in difficulty as they progressed, this included the introduction of negative coefficients and multiple unknown variables. The plenary of this lesson was a ‘spot the mistake’ exercise where pupils were asked to work in pairs to discuss what mistake they found with questions shown on the board. This exercise was effective at highlighting misconceptions and allowing the students to discuss them with each other. 
Lessons two and three in the sequence were both concerned with expanding two brackets. This was a topic that pupils seemed to struggle with, despite their initial success with expanding one bracket. Initially the sequence has been designed to only allow for one lesson on this, however it was clear after the first lesson that pupils required more practice in order to become fully confident. 
In lesson 4, factorising was introduced to the pupils for the first time. Most pupils understood the process of factorising as the opposite of expanding and were therefore confident with attempting questions very quickly. Many examples were used in this lesson to demonstrate the vast amount of variations that could be faced, as such, pupils were very confident when attempting the main exercise. The second activity in the lesson was a Tarsia puzzle in which pupils had to work in pairs to correctly factorise expressions in order to make a shape. This activity had questions which highlighted specific misconceptions, meaning that pupils were forced to think carefully and discuss their answers before proceeding with the task. The plenary task required pupils to write their own factorising questions and swap with other pupils on their tables. This task was designed to see if pupils had understood the process of factorising. 
The final two lessons in the sequence were focused on solving equations, a topic that the class had previously encountered in Year 7 and 8 in the school. The first lesson began with a recap on expanding brackets to ensure the pupils were retaining knowledge that would be required later. The explanation in this lesson made clear the idea of the equals sign signalling balance, and that each side should be equivalent. This was crucial in order to avoid the misconception that the equals sign simply require an answer to be given. As stated by (Byrd, McNeil, Chesney, Mathews 2015) pupils require this knowledge of the equals sign in order to be successful in algebra. The methodology taught in School X involves the use of “change the side, change the sign” thus, this was how the topic was taught. Beginning with one step equations ensured that pupils were confident before progressing in difficulty to two step equations and equations with variables on both sides of the equals sign. Tasks such as ‘spot the mistake’ and ‘odd one out’ were used in these lessons to draw out misconceptions, as the pupils were able to derive the source of specific errors. 
Once the sequence of lessons had been delivered the pupils were given the diagnostic test again under the same conditions in order to ascertain what learning had taken place and whether the previous misconceptions had been challenged. 
When looking at the data as a whole it can be said that the pupils made improvements in all questions bar one. Interestingly, it was the first question that showed a seven percent decrease in the number of correct responses. This question asked the pupils to rearrange and simplify an expression with two unknown variables something that had been taught to them previously, before the actual intervention teaching started. Also, as it was the first question on the test it could be said it was the easiest. In the Pre-Test each of the multiple-choice answers was given at least once by the pupils, whereas the Post-test only two of the choices were given. These answers were identical aside from one having a positive sign and the other a negative sign. This showed that the pupils were able to simplify more correctly than in the Pre-test, however it may demonstrate that a misconception was still in place with regards to the negative sign. All the other questions showed increases in the percentage of correct answers with far less variation in the answers being given. In the Post-test it appears that pupils were much more aware of how a correct answer should look. It is possible that pupils were less likely to guess the answer to questions after the intervention teaching.
The fifth question on the test showed the highest increase with only thirty two percent of the pupils getting the correct response in the Pre-test, compared with eighty nine percent in the Post-test. This question involved expanding a single bracket where the number on the outside of the bracket had a negative sign in front of it, as shown below:
[image: ]
In the Pre-test most pupils simply ignored the negative sign and managed to expand the bracket correctly, however this resulted in the answer having the incorrect signs. The pupils were clearly much more aware of the negative in the Post-test as not one of them gave that answer as an option. This demonstrates that the intervention teaching was successful in making pupils aware of the importance of the negative sign for this question. 
The sixth question on the test showed the least improvement with only a two percent increase in the number of correct responses during the Post-test. The question asked pupils to choose which expression had given an answer which had two negative symbols, essentially factorising the expression. As shown below:
[image: ]
Once again, many pupils simply chose to ignore the negative symbol when deciding which answer was correct. However, as the question did not explicitly use the word ‘factorise’ it is possible they were unable to work out what was required of them. 
The seventh question of the test showed the next lowest improvement, with only thirteen percent more correct response in the Post-test. As one of the more challenging questions, pupils were asked to expand two brackets which had a negative number in between them. As shown below:
[image: ]
The variation of the answers in the Pre-test showed that pupils were not comfortable with two brackets, with a third of the responses simply choosing to add the numbers on the outside rather than multiply them out. After the intervention teaching pupils demonstrated they were able to successfully expand the brackets and that the incorrect responses were linked to inaccurate simplifying of the terms. This shows that some pupils were still holding misconceptions associated with the negative sign and its effects on numbers. 
The last question on the test involved expanding a bracket with three terms and two unknown variables. As shown below:
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In the Pre-test over a third of responses simply ignored the negative sign that was on the number in front of the bracket and expanded the bracket successfully. This demonstrated that although the pupils knew the correct method for this question there was still a misconception surrounding the use of the negative sign. After the intervention teaching there were twenty three percent more correct responses for this question. 
The results seem to demonstrate that after the intervention teaching had taken place pupils had more knowledge of how to attempt the questions, even if in some cases they did not give the correct response. The fact that there was much less variation in the answers given shows that pupils were using the correct methods to solve the questions and were able to rule out certain answers based on the knowledge they had. However, it can be said that there were clearly still misconceptions in place with regards to negative signs, particularly when simplifying expressions. 
The aim of this research was to understand how and why misconceptions occur and investigate what effect intervention teaching can have on pupils. It can be said, that misconceptions are formed as a result of pupils applying their knowledge to new concepts incorrectly, thus leading pupils to develop methods which they believe to be correct. As stated by (Booth, Koedinger, 2008) pupils often enter the classroom with existing knowledge from many different sources and will therefore attempt to apply this wherever they feel necessary. The kinds of misconceptions formed can vary depending on the pupil, the knowledge that they already hold within their existing schema and how they try to access that knowledge. As stated by (Tanner, Jones 2000) and (Chambers, Timlin, 2005) applying this knowledge is essential to progressing in Mathematics, but it can also be a seen as a barrier to further learning. Byrd, McNeil, Chesney, Mathews (2015) believe that pupils early learning in Mathematics can lead to overgeneralisation of certain topics, which can in turn lead to misconceptions being formed. It can also be said however, that misconceptions are an opportunity for teachers. By challenging the misconceptions within pupils they give them the chance to further their learning and increase their knowledge. Swan (2002) and (Ryan, Williams 2007) agree that misconceptions are something to be acknowledged and celebrated as they provide opportunities for teaching that will lead to deeper levels of understanding. It is therefore seen as essential that misconceptions are constantly considered when planning lessons, as stated by (Tanner, Jones 2000) teachers should always be thinking about what potential misconceptions may occur, as well as sharing their ideas with colleagues.
The results gathered from the Pre-test and Post-test showed an increase in the amount of correct answers given by the pupils for nearly all the questions, with only one showing a slight decrease. There was also far less variation in the answers given for each question, with pupils showing correct methodology when answering questions in the Post-test. This demonstrates that pupils were far more aware of what they needed to do for each question and were able to access the required knowledge after the intervention teaching had taken place. It can therefore be said that the range of techniques used in the intervention teaching were successful in allowing the pupils to access new knowledge and effectively integrate it with their existing schema. Showing the pupils mistakes, asking them to indicate why it was incorrect and then give a corrected version seemed to have a very positive effect during the lessons. By demonstrating they can not only find mistakes but also correct them shows that the pupils are able to understand the processes by which certain mistakes occur. This was utilised on a few occasions during the intervention teaching and elicited a positive response from the pupils each time. 
However, the results also demonstrated that while pupils were more able to use the correct method for answering questions there were still misconceptions in place. For some of the questions a few pupils were still unsure of the use of the negative sign, particularly when expanding brackets and simplifying expressions. This potentially shows that although the intervention teaching was successful in implanting new knowledge with regards to the methodology of how to answer the questions, it was not able to successfully challenge the misconceptions of some of the pupils. Many pupils struggling with negative numbers will simply ignore the sign and continue with the question, in many cases still using the correct method. This may be due to the pupil’s experiences and relationships with negative numbers leading them to dismiss them out of confusion or incorrectly apply previously taught knowledge. Further work could be undertaken in this area to help the pupils fully understand the importance of the negative sign and its effect on other numbers. Longer tasks involving pupil discussion and the use of cognitive conflict, as detailed by (Swan, 2002) and Piaget (1975) may prove more effective at challenging the pupil’s misconceptions by allowing pupils to discuss their solutions with each other. 
Overall, it can be said that the methods used in the intervention teaching were largely successful. The lessons delivered for the intervention were able to highlight pupil misconceptions that were shown in the Pre-test and therefore allow better results from the Post-test. The tasks used in the intervention teaching proved successful in helping the pupils understand where they may have made errors previously and helped them to avoid doing so again. These kinds of tasks will continue to be used and developed in the future, with more attention being paid to longer tasks that may help challenge further misconceptions that pupils may have. As stated by Swan (2002) teachers must have a broad range of strategies available to them that suit the type of learning they are aiming to achieve. Allowing pupils more time to discuss their own work and engage with their peers regarding how they have arrived at certain answers could potentially be as effective as feedback from the teacher. Swan (2002) suggests this type of approach may be more effective at providing long term learning teacher led discussion. This is something that will be explored in future practice.
Although the research demonstrated that the intervention teaching had a positive effect on the pupils there were still some limitations in place for this study.
One of the key limitations with this research is the Pre-test Post-test method chosen to undertake the project. As stated by (Cranmer, 2018) this type of methodology is often subject to many variables which can threaten how valid the results of the survey are. This includes external factors that occur outside the classroom. Marsden, Torgerson (2012) suggest that attributing any increase in successful results solely to the intervention taken in between the Pre-test and Post-test does not fully take into account how influential these external factors can be.
One of the other limitations of this research could be seen in the decision to use multiple choice questions as the main method of data collection. Although, as stated earlier this is useful for asserting a higher level of control when collecting complex information, it is also slightly limiting in not giving the pupils chance to suggest their own answers. Pupils were forced to choose from a selection rather than being given a chance to think and form their own ideas, something that may have driven them to recall knowledge rather than simply selecting answer based on what they think looked correct. Multiple choice questions also allow for a certain amount of guessing based more on luck than actual ability which makes it more difficult to be confident if actual learning has taken place. Another limitation of the type of question used is the lack of calculations that could be shown by the pupils on the actual test, which would have given further insight into the methodology behind some of the answers given. The importance of showing workings out is something that is drilled into pupils, as it gives teachers and examiners chance to see what was going through the pupils minds as they answered the question. This could have been particularly useful when trying to ascertain if a pupil’s incorrect answer is derived from a misconception held by the pupil, as opposed to a simple slip or error. Analysis of the pupils’ workings from the Pre-test would also have been valuable when construction the lessons in the intervention teaching as it would have given in depth insight into what knowledge the pupils were using to answer the questions. Comparing the calculations from the Pre-test and Post-test would also have demonstrated if certain misconceptions were still in place. In order to further explore this area of study questions, should utilise both the multiple-choice format, as well as giving pupils a chance to write their own answers in full. By using both these forms of question it allows the researcher to gain more in-depth information about the thinking of the pupils, whilst still also retaining control on certain questions in the diagnostic test. 
Another potential limitation of the research is the conditions in which the Pre-test and Post-test took place. The time of day at which classes can have a substantial impact on the learning that takes place amongst the students. Wile, Shope (2011) state that student attainment does vary depending on the time of day, and that the optimal time for learning can vary between students. As the Pre-test took place in an early morning lesson at the start of the week, certain pupils may have been more likely to have experienced higher levels of attention during this time. However, the Post-test was undertaken during an afternoon lesson on a Thursday and therefore it could be said that the pupils were likely to have lower attention spans during this time. This was unavoidable due to the strict time constraints with school timetable and is therefore a highly difficult variable to control. It was also vital that the Post-test take place as soon as the sequence of lessons had been delivered and before any new knowledge was learnt by the pupils for them to perform optimally.
Although the tasks chosen for the intervention teaching involved group and pair work, there could have been more opportunities for pupils to discuss their findings with each other. As stated by (Piaget, 1975) pupils who can enter into a discourse relating to their work are more likely to find their own views challenged, and therefore are more likely to encounter cognitive conflict. This would help challenge their misconceptions and lead to further learning. The questions in the diagnostic test also only covered a small section of algebra as the research was conducted in a small space of time, and therefore only showed a small portion of pupil’s knowledge relating to this topic. This was once again restrictive due to the time constraints within a school timetable. 
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Q6. Which question gave this answer: ~15ab — 5b*

a)  —3a(Sb-2b)
b 5b(3a-b)

¢ 3a(Sa-2b)
d) —5b(3a+b)
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Q7. Expand the following: 3(4r +1) —5(7r — 2)

a) 13-23r
b -5r-3
9 1-23r

4 -3-23r
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Q8. Expand the following: ~2a(a — 3 + 4b)

a) 4a—8ab
b) 2a%—6a+8ab
o -a—6a+2ab
d) -20°+6a—8ab
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5. Expand the following: —4(2¢ + 35)




