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School X is an English-medium 11 to 18 comprehensive school. As of September 2018, School X had 977 pupils. A total of 259 of School X's students identified as having additional learning needs, this is around 27%, which is 6.9%, higher than the national average. Specifically, 5% of School X’s pupils have statements of special educational needs this is 2.6% higher than Wales as a whole. As an average over a three-year period School X has had 22.8% of learners eligible for free school meals. This is 5.35% higher than the national average for secondary schools in Wales. Around 30% of School X’s pupils live in the 20% most deprived areas in Wales. The research was undertaken with class Y, which was a year 8 class with 33 students, 5 of which are identified with additional learning needs. The research data was based on 22 students in whole because of absentees. The data set was made of 13 boys and 9 girls. Class Y is a top band second set within the schools’ year group. 

[bookmark: _Hlk7616518][bookmark: _Hlk8590028]The research is looking into students’ misconception, specifically in the subject of mathematics and the topic of area and perimeter. A misconception is not viewed as just a misunderstanding but a logical construction of ideas which can be a cause of students making errors when answering questions (Ryan and Williams, 2007). A misconception also follows a precedent of being a claim that does not follow what is considered by experts (Kula & Güzel, 2014).  These misconceptions are often formed while students are developing their understanding of new knowledge. A students’ understanding of a topic or concept in mathematics has been previously split into various categories (Sisman & Mural, 2016). Therefore, a student’s development of the new knowledge can also involve an additional stage of bridging these variations of understandings, producing an additional opportunity in a pupils’ education for misconceptions to be formed (Sisman & Mural, 2016). Having a knowledge of how students have understood a topic can be substantial in bringing to light a misconception that a student has formed (Sisman & Mural, 2016). Another fundamental step of developing a deeper understanding of students’ misconception could be from thoughtful considering the reasoning behind any errors that students have made when answering questions (Ryan and Williams, 2007). As previously stated unlike a mistake that is caused by a students’ misunderstanding of a question or topic, an error produced by a misconception has a logical background and often requires specifically targeted questioning to bring to the surface. It has been proposed that there is a variety of causes for students having misconceptions (Sisman & Mural, 2016). One proposed reason is that students try to learn concepts prototypical, that is through a typical culture example that is not in the standardised mathematical context in which they are being taught (Ryan and Williams, 2007). Further students often learn through relating a new topic to their earlier formed knowledge and their pre-existing life experiences. This often leads to students being only able to recognise previously studied mathematical problems if presented in what they consider to be the prototypical way, for example a rectangle drawn in the standard imagined view. This ideal view of problems and connections formed by students can often lead to understandable errors in questions. These factors have led people to teach students understanding through prototypical viewing being a form of an intelligent construction of understanding which leads to error and therefore a misconception (Ryan and Williams, 2007).  
[bookmark: _Hlk7617826]Understanding misconceptions in mathematics cannot just be beneficial for tackling a specified subject area which may be causing a student to fumble in questioning but can also play a key role in developing an understanding as to why some students do not grasp complex mathematical concepts in the whole (Cockburn & Littler, 2008). Following on from this, numerous claims have been made to the importance and significance of teachers being aware of common misconceptions in their subject area and how best subject matter can be taught considering these misconceptions in order to ensure the best for students’ development. This shows the relevance for this research being undertaken (Kula & Güzel, 2014). 
It has been seen that students can have a variety of misconceptions in geometry. Specifically, it has been identified that area and perimeter can be a key area of mathematics to raise the awareness of several misconceptions (Sisman & Mural, 2016). A possible reason for numerous misconceptions being found in this area of mathematics is because of a greater focus being put on how to measure than what is being measured (Badger 1989). 
[bookmark: _Hlk8116558][bookmark: _Hlk8245558]The first misconception within area and perimeter that I want to look at has been previously named ‘Fallacy of multiples’ (Carle, 1993). This misconception refers to when a shape is increased or decreased by a multiple and its effect on the shapes perimeter and area. Students often assume that increase by a certain multiple to one of the shapes factors; area or perimeter, means every factor will have been affected in the same way by the same specified multiple. 
A reason for this misconception forming in a student’s understanding can be connect to their development of knowledge in multiplication through algebra (Carle, 1993). Students have developed the understanding that where a=b then ca=ab; they then go on to apply this throughout their mathematical studies. This misconception can be further imbedded within students as when they go on to test their understanding against questions, a common and needed practise for learners development in the subject,  they find this knowledge in vast areas of mathematics to present correct answers reinforcing to students that this is a logically correct reasoning. 
This misconception itself can have different categories; specifically, two categories when only considering rectangles as this research does. The groups that they can be spilt into depended on whether the given change to the shape effects one or two dimensions. This research focus specifically on the change being to both dimensions. The topic could again be further spilt into whether the focus be on area of perimeter. This research will look at students understanding on the effect of area as later misconception have a focus on perimeter and the research is limited on what can be assessed in the first incident. 
[bookmark: _GoBack]These misunderstanding can be clearly proven false through algebraically explanation but can form in students as a misconception early in the development of knowledge in multiplication. This area of the research shows that student fail to take in to consideration the squaring of the change factor, which is created when finding the area. Through further research opportunities it could be looked at whether this is a similar case in the reverse as well. 
The effect of misconception one on students involved in the research will be assessed through ‘Question One’ on the test. The question presents students with the dimensions of one rectangle and a second rectangle for which the dimensions have been doubled. Student are then asked to compare the area of the two rectangles. This question can be described as relatively open as it has limited guidance for the students on what to do to answer. This allows for the target misconception to have an opportunity to be observed if present in a student’s understanding. 
[bookmark: _Hlk8118457]The second misconception within area and perimeter that the research will look at refers to changes in dimension. Often students neglect to apply information given to a specific situation, specifically within dimensions. If students are given a fact about a specific measurement for example an increase or decrease to height often students then try to apply this to a question without taking into consideration that this is a shape where a dimension may have multiple effects (Carle, 1993).
The second misconception and its effect on the class involved in the research will be tested by ‘Question Five’ on the pre and post-test. Students will be given a rectangles’ perimeter and then told a change in dimension for a second rectangle, they will then be present with a wrong answer where the change in dimensions; for this question height; has only been taking into consideration a single time. Students will be asked if they agree or disagree with answer and to justify their reasoning. This again provides a more open question for students to display their logic while still targeting a specific misconception.
[bookmark: _Hlk8246372]The third misconception, previously titled, conversion conclusion (Carle, 1993) refers to where students mistake conversions to units of area to be equivalent to linear unit conversions. This is often noted to students ignoring units while doing conversions but can be heavily described as student excessively relying on the linear conversions they have learnt. Once again, this could be an example of students having had a heavy focus on how to convert between a unit but not a focus on the relevance of the unit being converted between (Badger 1989). This misconception could also be another example of students not brining mathematical concept into to the context they are working with before using them to formulate an answer. 
The impact of misconception three on the class selected for research will be assessed through ‘Question Three’ on the pre and post-test. Students will be told how many millimetres are present in a centimetre and asked how many millimetres there are in a centimetre squared. 
[bookmark: _Hlk8374517][bookmark: _Hlk8393156]The fourth misconception has been previously named Spatial Bias (Carle, 1993) and refers to students making assumption between area, perimeter and quantity. This misconception refers to students often viewing area to need a larger number as it covers more space so making the assumption it must be a bigger quantity without taking into consideration the units and their meaning. This misconception shows where students are highly focused on the figures and once again the context of the numbers have not been taken into consideration.
This misconception can be formulated through student’s early development of numbers and size. Students learn from a young age ordering objects and later ordering of numbers. These two concepts are eventually to some level merged as students develop understanding of notions that incorporate allocating a figure to sized object. This logic of a larger number to a greater size works when looking across a measurement such only looking at area, or only looking at perimeter; this helps in the misconception being reinforced in students. However as previously stated students fail to put this into setting and in this case take into consideration ordering of different units.  
In contrast students can also display this misconception through labelling a perimeter as a larger space than area because of it having a higher number. This again shows a logical understanding of ordering numbers but again does not take into consideration the units attached to the values and their meanings. 
[bookmark: _Hlk8393179]The misconception titled spatial bias and the level of the misconception present in the class will be assessed through ‘Question Two’ on the pre and post-test. Students will be shown the images of a rectangle and asked to compare the area and perimeter of the given shape, looking at features such as which one is bigger. 
[bookmark: _Hlk8385457]The fifth misconception involved in the research has been described as equality consumption (Carle, 1993). This refers to students having the view that if area is conserved then so is perimeter and vice versa. Students can develop this misconception through a false logic of a positive correlation being present between area and perimeter. The view of a correlation between area and perimeter can often stem from students developing a belief that two similar rectangles should have the same area and perimeter. Students who then go on to test the conservation of one of either area or perimeter and find it to be true can assume for the other without testing, leading to the formation of the misconception. This misconception can be linked to the first misconception ‘fallacy of multiples’ when considering students belief of a correlation between area and perimeter (Carle, 1993), as you could link this to the view that an effect on one factor of a shape will affect the other factors in the same way. 
The effect of misconception five on learners involved with the research will be assessed through ‘Question Four’ on the tests. Students will be given the area and perimeter of one rectangle and be told that a second rectangle has the same area and asked to describe what is possible about the second rectangle. This question allows opportunity for students to openly express what connection they have to similar shapes and area and perimeter but again is targeted on whether they believe there is a correlation or not. 
As earlier stated, misconceptions are different from a misunderstanding and therefore require targeted questions in order to different the reasoning for mistakes in students work as caused by a misconception. A method for doing this has been to first establish the learners initial understanding (Chambers and Timilin, 2013), this will be done through a pre-test which is discussed further in the methodology.  Then following from a suggestion made by Swan (2001) a series of activities are done as to display to students the misconceptions in their knowledge. 
A fundamental point in teaching to correct student’s misconception is being able to identify to students that there is a problem in their current understanding. An accepted definition of misconception yields that a student with a misconception does not know as they believe it to be a logically correct understanding (Tanner &Jones, 2000). Therefore, in order to work towards correcting a student’s understanding first teachers need to be able to identify where in their students’ knowledge are misconceptions present and prevalent. Secondly students need to be able to understand that there are flaws in their understanding and a need for correction and guidance. One technique that can be used to identify the need for correction to students is cognitive conflict. 
Cognitive conflict is considered an effective teaching technique for overcoming misconception (Chambers and Timilin, 2013). It has been described as where a teacher creates a level of uncertainty for students on new knowledge they have learnt (Chambers and Timilin, 2013). There is a considered debate between whether you should identify to students the areas where misconceptions are common and specific problems and correct them before they initial form (Chambers and Timilin, 2013). However, research has been done to show that allowing students to create their initial logic and then trialling this against cognitive conflict in order to ensure accurate understanding can be effective in stopping misconception in the knowledge of the learners (Tanner & Jones, 2000). 
Using cognitive conflict to help students with misconception can involve presenting questions that when answered with a specific misconception reveals the illogic of that understanding (Tanner & Jones, 2000). It has been described as creating questions where students will get not just different answer but apposing answers (Chambers and Timilin, 2013), this will create an opportunity for all students involved to question the evidence behind their logic. Opportunity for cognitive conflict can also be produced more naturally for students by asking them to justify their answers to questions or there thinking behind a topic (Tanner & Jones, 2000), this can create points where students question their logic and understanding for themselves. 
[bookmark: _Hlk8403739]A second practise consider effective for overcoming misconceptions is metacognition. Metacognition has been described as a student’s ability to self-reflect on their own learning (Chambers and Timilin, 2013) and progression and has been connected to cognitive conflict (Flavell, 1979). As previously stated, a common area for the forming of misconception is when students are merging their various understanding of a mathematical concept (Sisman & Mural, 2016). It has been proposed that a misconception can form in this time of a student’s development because when they are struggling to merge the new knowledge they will return to a simpler understanding that can have flawed logic (Chambers and Timilin, 2013). Metacognition helps to prevent this situation by encouraging students to revisit and consolidation the connection they have made. 
Metacognition has been suggested to help students to overcome misconceptions by encouraging learners to critically review any new knowledge they have and evaluate the evidence for their understanding (Chambers and Timilin, 2013). This encourages students to question what they learn which helps pupils to be able to identify whether they have developed any logic which is in fact a wrong and therefore a misconception. This development of student’s self-reflective skills helps to create support towards the previous mention barrier of identifying misconception being the first stage of combatting them (Tanner & Jones, 2000).   


Methodology and Ethics 
[bookmark: _Hlk7937795]The methodology behind this research could be considered to be strongly connected with action research. Action research can be described as a research based and completely incorporated within practice (Munn-Giddings, 2012).  In terms of specifically teaching action research can be defined as when participants review their own educational practice logically and with care using the methods of research (Ferrance, 2000). Action research is considered to be beneficial in bridging the gap between concepts and practice (Munn-Giddings, 2012). This could be a reason it is consider relevant for use in education, as it could be used to provide an opportunity to find the best ways of incorporating applicable pedagogy within schools and lessons. Action research allows opportunities for a possible development process, where information gathered during the procedure can have a continuing influential effect (Munn-Giddings, 2012). For this specific research continuous development could refer to information gathered from plenarys at the end of intervention class which effects the next lesson but could also refer to an opportunity relating to further intervention based from information gathered in the post-test. 
The methodology can be described as a cluster trial as the focus will be on the class as a whole development and interaction with the topic not individual students. It has been suggested that cluster trials have been designed to investigate the working of systems rather than individuals (Tymms, 2012). Reinforcing the suggestion that this research, has a focus on the effect of intervention lessons on misconceptions in area and perimeter and the teaching styles rather than on the on students’ ability or solely their improvement. 
The methodology involves students completing a pre and post-test with questions related to the topic area and common misconceptions. The questions where specifically aimed at raising misconceptions and were targeted as previous literature has noted the need as to differentiate against errors caused by misunderstanding rather than misconceptions (Sisman & Mural, 2016). The questions students where asked were both the same in the pre and post-test and there were five questions, this provided a level of consistency with data gathered from the tests. For this research only one class of students where partaking, this was chosen at random and meant there was no control group. 
A final fundamental part of the methodology was intervention lessons. Based from information gathered from the students completed pre-test, a series of lessons aimed at combatting student’s misconception in area and perimeter will be planned. The lessons will aim to tackle each misconception that the students could have by using a variety of teaching pedagogy. These lessons will also be affected by students understanding and development throughout the scheme of work.  
The review of data from post-test to analysis the effect of the intervention lesson can be viewed as the methodology taking a paradigmatic position (Tymms, 2012) which can be described as breaking situations down to a cause and effect understanding. However, correlation does not necessarily refer to causation, meaning that if results from the research are to show an improvement it does not necessarily mean the intervention lessons where the reasoning. Another clear part of the methodology where a paradigmatic view point is taken is in the initial pre-testing. The research is making the assumption that if students answer a question incorrectly then they have the misconception that the question was targeted at testing. 
The method of which the intervention lessons and test are held is significant not only for the reliability of the research but also as ethical view of research involving children. A fundamental part of the intervention lesson is that the students will be actively involved in the research rather than the research being on them (Woodhead & Faulkner 2008). It has been suggested that the involvement of students in research has led to a debate of the influence that has on methodology of the research (Dockett, Einarsdottir & Perry 2011). The debate is whether the method should take into consideration motivating participation from the pupils or whether they are self-motivated enough and therefore do not need encouragement (Woodhead & Faulkner 2008). This specific research’s methodology could be viewed to take both stances as the pre and post-test can be regarded to be unmotivating to a number of students. However, the intervention lessons will be conducted under normal teaching practise and take an effort to motivate and engage students with learning using suitable methods. 
In consideration to the student’s education the research itself, provide minimal disruption by being included not only within their timetabled lessons but keeping with the classes scheme of work providing both a continuity and a relevant education. This discussion although made from a position of authority as a researcher can still be considered ethical as it was informed from discussions with relevant teachers and consulting appropriate documents (Brooks et al., 2014) to make a choice for the best of students development which Ferrance (2000) describes as a positive, and therefore ethical, use of power. 
Consent for students to be included in the research was received through communication between parents and guardians via School X. Students were also informed of the research and were given an opportunity to have their data withdrawn from analysis. However, students were still expected to be part of the intervention, an ethical reasoning behind this comes from the methodology of action research being completely included in normal practice (Munn-Giddings, 2012) so the lessons were standard expectation for students. Another reasoning for the ethical thought links back to the consideration of positive power by Ferrance (2000); referring to the view that the intervention lesson could be of benefit to the students this is therefore a justifiable use of authority to make the decision for learners to partake in the scheme of work.
In consideration of the ethics within the research, data was kept confidential, being only shared with authorised relevant people and when being shown maintained anonymity so that no student could be identified from the results. This is key in making the research ethical (Burgess, 1989). 


Evaluation
Evaluation of Question 1
[bookmark: _Hlk7937944]In the pre-test this question yielded zero correct answers. ‘Question One’, was looking at misconception one which was previously named ‘Fallacy of multiples’ (Caley, 1993). This question had what could be viewed as a substantial attempt by every student in the research with 100% of the learners including workings in connection with the question. A reason for the high quantity of responses by students could be that it was the first question on the test and learners had more motivation. Although there were no correct answers the workings of students showed 59% to make attempts that had potential to be right answers. This majority of response having correct workings could also be linked to the higher number of attempts and better motivation from it being the first question it could be viewed that students were looking at this question with clearer minds and less time pressures in comparison with later questions in the test. 
This question had limited teaching time because of time constraints. This meant that students were introduced to the question and had verbal questions aimed at influencing cognitive conflict (Tanner & Jones, 2000). However students had no opportunities to look at formal question and consolidate new learning as has been described as essential in the learning of mathematics (Vygotsky, 1978) However, they were given time within the lesson, primarily as plenary’s, to discuss the questions and compare logical thinking with their peers as suggest by Vygotsky (1978) to be a fundamental part of the process of merging new knowledge with pre existing. From the teaching style it could be said the learning relied primarily on metacognition (Chambers and Timilin, 2013) through class discussion and independent working time where students were being encouraged to evaluate their own understanding from example answers and reasoning. 
[bookmark: _Hlk8246492]From the post-test, ‘Question One’ saw a 9% improvement of correct answers in comparison to the pre-test. However, the question saw a reduced number of additional corrects workings. In contrast to this, two additional students submitted improved workings, that although they did not yield correct answer showed progress in understanding. In contrast to the pre-test this question was not the most attempted, this could be because of students reduced confidence in the topic in comparison to other misconception. This view could be taken because in contrast less teaching time was allocated to this particular misconception and students had little formal practise questions having worked on the topic primarily verbally. 
Looking at data in ‘Question One’ and counting partial correct answer as 0.5, this yields a total score in the pre-test of 6.5. This was a mean score of 0.30 for students. Looking specifically at responses given by male students there was a total score of 3.5 and a mean result of 0.27. Female students had a total score of 3 and mean result of 0.33 in the pre-test. From the post-test a total score for the class was 4.5 with a mean score of 0.20. Again, looking specifically at responses given by male students they had a total score of 2 with a mean result of 0.15 in the post-test, which shows a mean decrease of 0.12. Females students had a total score of 2.5 and a mean score of 0.28 in the post-test, giving a 0.06 decrease in results. Overall the class saw a decrease in the mean grade which although effect by both genders was more influence by scores from male students. 
Evaluation of Question 2
From the pre-test ‘Question Two’ saw zero completely correct answers but three students who had correct answers, but their explanations were limited on understanding. ‘Question Two’ looked at misconception four previously named Spatial Bias (Carle, 1993). All student who answered incorrectly in the research labelled perimeter as the largest space with most using the reasoning that number was a larger value. The three students who correctly identified area as the larger space all put their reasoning as the numbers where multiplied rather than added. So, although the students identified the area as the correct larger space none of them took the units into consideration. 
This misconception was another to have limited teaching time because of time constraints. However, the topic was used in multiple starters of classes giving students several opportunities to engage with the concepts. Again, a majority of the teaching was based on a learning theory from Vygotsky (1978) that refers to students needing to consolidate learning with peers. Students were introduced to the concept of space in area and perimeter in separate lessons and eventually to the concept of comparing them. This was done primarily verbally but with the use of pictures and questions, images and statements where displayed, aimed at influencing cognitive conflict (Tanner & Jones, 2000). Students had limited opportunities to look at formal questions and consolidate new learning as has been described as essential in the learning of mathematics (Vygotsky, 1978) However, they were given time within lessons, to verbally review formalised questions on the topic and compare logical thinking with their peers. Again, this topic was done through learning that followed practise of metacognition (Chambers and Timilin, 2013) with students being encouraged to review what they already know, and the evidence connected with their understanding on the topic.  
[bookmark: _Hlk8466350]From the post-test two students answered ‘Question Two’ completely correctly. These were students who had partially correct answers in the pre-test showing a development of their understanding. However, two additional students made partially correct workings. One student was a maintained response from the pre-test and a second student was an improvement from an incorrect answer in the pre-test. This student with an improved response was able to identify that area as a larger space but similarly as the student who made partially correct answers in the pre-test made no connection to units.   
Looking at data in ‘Question Two’ and again counting partially correct answers as 0.5, this yields a total score in the pre-test of 1.5. This was a mean score of 0.07 for all students. Looking specifically at responses given by male students there was a total score of 0.5 and a mean result of 0.04. Female students had a total score of 1 and mean result of 0.11 in the pre-test. From the post-test a total score for the class was 3 with a mean score of 0.14. Again, looking specifically at responses given by male students they had a total score of 2.5 with a mean result of 0.19 in the post-test, which shows a mean improvement of 0.15. Females students had a total score of 0.5 and a mean score of 0.06 in the post-test, giving a 0.06 mean decrease in results. Overall the class saw an increase in mean grade which in contrast to the first question was solely effect by grades from male students. 


Evaluation of Question 3
[bookmark: _Hlk7952465]From the pre-test ‘Question Three’ saw zero correct responses in either final answers or workings. This was a question that was looking at misconception three. Every student submitted an answer for this question but none of them showed any workings or reasoning. The student’s responses where primarily split into two categories. The majority of students answered with 10mm and the minority with 20mm; both of these responses show logical thinking which had been previously observed in research of perimeter and area misconceptions (Carle, 1993). The students who answered with 20mm where perhaps showing a misunderstanding on indices when talking about misconception in squared units. One student however responded with reference to different shapes, perhaps showing a misunderstanding of units. 
This misconception was taught through a short teaching activity again because of constraints on the research. Students were given a simple 10mm by 10mm square and asked to work out the area, they were then asked to discuss in peer groups what the values would be in centimetres. Again, a majority of the teaching was based on a learning theory from Vygotsky (1978) that refers to students needing to consolidate learning with peers. Students were introduced to the concept of space in area and perimeter in separate lessons and eventually to the concept of comparing them. This was done primarily verbally but with the use of pictures and had questions, images and statements aimed at influencing cognitive conflict (Tanner & Jones, 2000). A development for this would be to give students questions converting between different units between length and area, and activities matching visual display of values with measurement. These sorts of activities could also be a beneficial development to combating misconceptions four.
From the post-test ‘Question Three’ saw two correct answers. Students had improved answers responding with 100mm but again no learners showed any working or reasoning which limited conclusion that can be made in relation to misconceptions. An increase in the number of students responded with 20mm which shows a possibility that students are developing the relevance of taking into consideration the units. This could be connected to a misconception of indices rather than the units but would require further research.
Looking at data in ‘Question Three’ and again counting partially correct answers as 0.5, this yields a total score in the pre-test of 0. This was a mean score of 0 for all students this follows that in the pre-test both males and females had a mean result of 0. From the post-test a total score for the class was 2 with a mean score of 0.09. The post-test saw both genders improve by 1 grade however because of the distributions in gender in the class there was a mean improvement for 0.08 for males and a mean improvement of 0.11 for females, meaning marginally the improvement was more influence by females. 




Evaluation of Question 4
From the pre-test ‘Question Four’ saw four correct answers and one partially correct answer. ‘Question Four’ was looking at misconception five which has been previously named equality consumption (Carle, 1993). Three students chose not to answer or show any working for this question at all. However, the majority of students who did respond described the area for the new shape as being the same as the previous shape. Those who showed reasoning linked it to a view that if the area has been conserved, then they are the same or similar shapes, this again shows logical thinking reinforcing that it is a misconception rather than mistake. 
This topic was primarily taught through verbal discussion with class that were a mixture of teacher lead and self-guided by the students. In contrast to the other misconceptions taught students made a considerable improvement from pre to post-test. This topic although being primarily verbally taught still had a significant amount of lesson time allocated in order to give students the opportunity to process and consolidate the information presents. The beginnings of tackling this misconception was simple by drawing two different rectangles and working out the area of both as a class and the perimeter for one. Students were then asked to estimate the perimeter for the second, majority of students maintained their assumption from the pre-test that the perimeter would be the same for both shapes. The students then worked out the perimeter for the second and discussed with their peers the conflicting answer to the majority of their predictions. This both incorporated learning theories from Vygotsky (1978) and introduced a natural cognitive confliction (Tanner & Jones, 2000) to the students learning. Students were then given an opportunity to investigate (Piaget, 1957) different shapes that could have the same perimeter but different areas and vice versa, to provide time to consolidate this development of knowledge. 
From the post-test ‘Question Four’ returned seven completely correct answer and two partially correct answers. This was an improvement of 13% on both completely and partially correct answers. The four students who answered correctly in the pre-test maintained their accurate understanding. Students were able to identify that they could not comment on the shapes perimeter and displayed their reasoning in different ways. Many of the students chose to display their reasoning by drawing shapes that had the same area but different perimeter. The two students’ responses who were categorised as partially correct answers identified that they could not comment on the new shapes perimeter but were unable to explain their reasoning. This showed a development of knowing that there was an illogic to their understanding but shows a need to continued consolidating the learning. 
Looking at data in ‘Question Four’ and again counting partially correct answers as 0.5, this yields a total score in the pre-test of 4.5. This was a mean score of 0.20 for all students. Looking specifically at responses given by male students there was a total score of 0 and a mean result of 0. Female students had a total score of 4 and mean result of 0.61 in the pre-test. From the post-test a total score for the class was 8 with a mean score of 0.36. Again, looking specifically at responses given by male students they had a total score of 2.5 with a mean result of 0.19 in the post-test, which shows a mean improvement of 0.19. Females students had a total score of 5.5 and a mean score of 0.61 in the post-test, giving a 0.17 mean improvement in results. Overall the class saw an 0.16 improvement in mean grades which was more influence by male students results.




Evaluation of Question 5
From the pre-test ‘Question Five’ saw no students answering completely correctly and four students answering with partially corrects workings. ‘Question Five’ was looking at misconception two. A majority of students agreed that the example answer given was correct, which was an incorrect response. The students showed logical reasoning by showing ‘18-3=15’. This confirms the previously stated misconception that students forget to put the question in context and count for the multiple effects a dimension can have (Carle, 1993). Those who correctly identified the given answer as wrong however struggled to give a correct reasoning. The responses were connected to how the shape would look and an ambiguity to what values would be connected to what dimension, showing that despite answering correctly students still struggle to understand changes in dimension and the effect on perimeter.  
Students were given a different question, ‘Question A’, similar to that of question 5 on the test and asked to answer it again, they were then given an opportunity to compare their answers and workings with one another following learning methods presented by Vygotsky (1978).   The students where then presented with a shape that had the same perimeter as that stated in question a and were give the same increase to its height. After being asked to work out the perimeter the students discover a different answer and where given an opportunity to discuss and query why their working produced two different answers. This was an example of cognitive conflict being used to combat the misconception (Tanner & Jones, 2000).  Students were then brought into a classroom discussion where the logic was explained again and how to answer similar questions was modelled for students to have a success criteria. This was all consolidated by students having the opportunity to test their corrected understanding against some questions. 
From the post-test results five students answered ‘Question Five’ correctly and three additional students gave partially correct workings. This showed significant improvement from students with a 23% increase in correct answers. The three student who gave partially correct working noted that the given answer was incorrect but could not justify why. Thus, showing that the cognitive conflict had brought an uncertainty in the students understanding but there was still need for further consolidation. 
Looking at data in ‘Question Five’ and again counting partially correct answers as 0.5, this yields a total score in the pre-test of 2. This was a mean score of 0.09 for all students. Looking specifically at responses given by male students there was a total score of 1.5 and a mean result of 0.12. Female students had a total score of 1 and mean result of 0.11 in the pre-test. From the post-test a total score for the class was 5 with a mean score of 0.23. Again, looking specifically at responses given by male students they had a total score of 4 with a mean result of 0.31 in the post-test, which shows a mean improvement of 0.19. Females students had a total score of 0 in the post-test, giving a 0.11 mean decrease in results. Overall the class saw an 0.14 improvement in mean grades which was not only solely influence by the male students results; these improved results also compacted the decrease in female results.

Looking at data for the whole of the test and again counting partially correct answers as 0.5, this yields a total score in the pre-test of 15. This was a mean score of 0.68 for all students. Looking specifically at responses given by male students there was a total score of 6 and a mean result of 0.46. Female students had a total score of 6.5 and mean result of 0.72 in the pre-test. From the post-test a total score for the class was 21 with a mean score of 0.95. Again, looking specifically at responses given by male students they had a total score of 11 with a mean result of 0.85 in the post-test, which shows a mean improvement of 0.38. Females students had a total score of 11.5 in the post-test with a mean result of 1.28, giving a 0.56 mean improvement in results. Overall the class saw an 0.27 improvement in mean grades for the whole test. This improved result for the overall test score was more influence by females results in class Y then males. This is despite males having influenced the mean improvement of three out of the five question more in comparison to females. 



Limitations and Development
A limitation of the research was the time frame to complete testing and intervention. The time constraint resulted in unfair distribution of intervention lessons on misconceptions which could be a cause for the lower improved results in the post-test for those areas. It also meant that students had limited time to consolidate new learning in order to imbed correct understanding and displace misconceptions. This could be seen as a significant limitation in ensuring long term solution to the misconception when considering some students showed progress of a developed understanding during lessons but failed to display this in test. A reason could be the restricted consolidation of new knowledge. 
From discussion with students it was also exposed that even though not all questions were solely worded; the literacy nature of the questions produced a barrier for some students. Previous research has revealed students can have difficulty with mathematising worded questions and has suggested modelling of this technique in example questions is beneficial in tackling the barrier. This technique of modelling was incorporated into the intervention lesson to minimise the limitations caused by the literacy barrier for the post-test. However, this does now mean that when analysing the result some improvement could be put down to students having less of a barrier to mathematising the question rather than an improvement of misconceptions.  
An additional time constraint put on the research was from the pre-test it was revealed that a barrier which students had to accessing the question was recalling previously learnt knowledge on perimeter and area. This not only produced a limitation in gaining accurate information on misconception but also meant time was required in recapping concepts with students. The students’ ability to recall information not only produced difficulties in identifying misconceptions in the pre-test; it also produced problems in evaluating improvement from the post-test. This is because it was not only reliant on students having an improved understanding it also depended on the student recalling what they had learnt for the post-test.
[bookmark: _Hlk8589802]A result of the time constraints as previously mention was that certain misconception had less teaching focus than others. Specifically, misconceptions two and five were able to have a full teaching lessons each as opposed to misconceptions one, two and three which were cover in starter and plenary activities. This could be a limitation on the level of improvement that was possible overall and a reason for lower observed improvement in the post-test. In contrast a development of the research would be to revisit this misconception with more teaching time. As previously mention these misconceptions had restriction formalised questions for students to answer for consolidation of their learning as suggest by Vygotsky (1978). This would be a strong area for development for all three misconceptions if further intervention was possible. 
A development would to be hold more investigatory style lessons. This would involve giving students a mixture of activities which would allow learners the opportunities to look at the various information available to discover concepts for themselves. This improvement would be dependent on more time being available for the intervention lessons because this type of learning can be more time consuming. However, this learning theory follows research by Piaget (1957) which can be described as students learning through self-investigation which can help with the consolidation stage where students blend new knowledge with their pre-existing understandings (Tanner & Jones, 2000).  
A development to the research would to be extend the research to include holding follow up testing to look at the long-term effect of intervention lessons. This would give an opportunity to see the development on students’ long-term memory in relation to their learning and the presence of misconceptions. This development could incorporate not just a single follow up but look at how students newly established understanding in line with the identified misconceptions withstands against continuous introduction of further knowledge related to area and perimeter.
A limitation of the research was the different of question style that were incorporated in both the teaching and testing aspects. A main reason for the limit in variation of questions styles was the time available for students to develop an understanding of questions. A second reasoning for the restricted change in question style was the need for control and consistency in the testing. A development to this would again be reliant on more time but would also blend into the previously mention development of mid intervention testing and recall development. This would be to extend the research to look at whether the effect of misconception and the improvement of student understanding can be still be observed through different question styles. 



Conclusion
As seen in research undertaken by other numerous other groups (Tanner & Jones, 2000; Carle, 1993; Chambers and Timilin, 2013) intervention lesson in order to reduces misconception in students is a common and considered an effective technique. This conclusion can also be made for in the intervention lesson undertaken as part of this research from looking at the data improvement was seen from both individual students and questions. Overall Class Y saw a 17% improvement between the pre and post-test from the total marks gained for the entire class and complete test. 39% of the students in Class Y made an improvement on their individual scores between the pre and post-test. A future development in regards to students who did not improve their individual results could be to look at specific teaching methods and their effect on students developed understanding in reference to misconception; to see whether certain students respond better to certain methods. 
Following literature (Tanner & Jones, 2000) and from analysing the research it can be seen that cognitive conflict has substantial positive effect in combating misconceptions. The misconceptions for which the teaching during the intervention lessons had a strong focus on creating cognitive conflict for students showed significant improvement and could be viewed as showing more improvement in student misconceptions than the other questions, all though improved results does not necessarily mean the cause was cognitive conflict. 
In conclusion it can be seen from the students’ responses where they describe their reasoning and give an insight to their logic that misconception are held with mathematics. Misconceptions indicated previously in the topic of area and perimeter (Carle,1993) could be considered to be held amongst students in School X class Y. The reasoning students gave for answers presented in both the pre and post-test, could be regard as displaying logical thinking and a true belief to be correct which follows previously stated definition of misconceptions (Tanner & Jones, 2000). This follows that the incorrect responses given by students could be categorised not just as mistakes but misconceptions (Ryan and Williams, 2007). 
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Appendix 1


 
1. Rectangle A has a length of 3cm and height of 5cm. Rectangle B dimensions are twice those of rectangle A, How does the area of rectangle B compare to the area of the rectangle A? 
2. Compare the values of Area and perimeter of the shape below. Which one would be larger space? Why?  
[image: C:\Users\user\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\771BFF4E.tmp][image: C:\Users\user\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\5CBE5740.tmp][image: C:\Users\user\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\59BC84E2.tmp] 
 [image: C:\Users\user\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\64F538B4.tmp]
 
3. There are 10mm in 1cm. How many millimetres are there in 1cm2? 
4. Rectangle A has an area of 1cm2 and perimeter of 4cm. I draw another shape; Rectangle B, which also has an area of 1cm2. Explain what you can about the perimeter of shape B. 
5. Shape A has a perimeter 18cm and Shape B has height 3cm less then Shape A. Student S thinks that the perimeter of Shape B is going to be 15cm. What do you think? Why? 
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