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Curriculum Development and Enhancement
Introduction 
The purpose of this investigation is to combat this stigma of Transformations and further delve into how effective teaching has an impact on children’s’ learning, by addressing the misconceptions which could arise with the topic.  
The school I was based in to undertake this investigation, was an English-medium secondary school based is situated in Llanelli. It has around 892 boys and girls aged 11-16 at the school. Over the past three years, roughly 23.5% of pupils are eligible for free school meals (FSM), which is higher than the national percentage. Although 47% of the pupils live in the top 20% most deprived areas in Wales, the Estyn report shows (Estyn, April 2015), there has been an improvement in the attendance with a reduction in constant absenteeism. Higher than the national average of 20.1%, School X has around 44% of pupils are on the Additional Learning Needs (ALN) register with the pupils with ALN achieving above expected levels and roughly, 8.5% of pupils have English as an Additional Language (EAL) (Estyn, April 2015). 
From the inspection in 2015, School X has the overall rating of ‘Good’ with the performance from pupils’ ratings improved since the last inspection. With the other strands rated at ‘Excellent’ at the school (Estyn, April 2015). School X falls into the Green Support Category in the National School Categorisation System (Government, School X, 2018) with the Wellbeing being rated at ‘Excellent’ where nearly all pupils feeling safe in the school.
Where I aimed this investigation at year 8 set three pupils, which were called ‘8X3’ in the school, band X was, the upper band in the school. The class consisted of 30 pupils in total. The topic of the investigation was Transformations, which, from the literature, has many different misconceptions. Transformations was quite a large module on the Scheme of Work (Appendix A), and due to the ability of the class, I designed the test to focus on linear graphs and reflection. Due to their limited literacy and numeracy skills, I tried to incorporate questions in the Test paper to enhance these skills and by introducing numeracy starter questions in my lessons.
I aim to explore these misconceptions made in the Transformations module particularly focusing on equation of mirror lines and reflections in the mirror lines. This module is regarded as difficult, and I wish to remove the stigma linked to the module. It has been suggested to me, by pupils, that they ‘hate’ and ‘loathe’ drawing in Maths and or Geometry. However, one of the first concepts of Mathematics pupils’ encounter is Geometry (Hansen, 2014) and are made aware of the two-dimensional world around us very early on. Once teachers understand the difficulty of the topic of shape and space, they are able to help identify mistakes early on from children (Hansen, 2014).



Literature review
Misconceptions appear in every topic of Maths, which can range from Primary School through to Secondary School (Ryan, 2007). From experience in my placements, it has been interesting for me to see how pupils can justify their misconceptions and give reasons as to why they think that their methodologies are correct. We aim for children to make an unchanging progress throughout primary school, however you find that learning is context-dependent, meaning this topic in particular has an impact on children’s individual progression (Hansen, 2014).
The lack of understanding of Geometry from Primary school is a current problem. According to (Hansen, 2014), the pupils are taught from an early age to develop and improve skills in counting, understanding and using numbers, calculating simple addition and subtraction problems, and to describe shapes and spaces and measures. As the students’ progress through the school, the practitioners teach more and more mathematical skills, for example in Key Stage 2 they are expected to classify shapes with increasingly complex geometric properties, thus learning the geometric vocabulary to describe them. If these skills sets are not achieved, then there would be a lack of understanding in the reasoning questions in the test.
Pupils need to confidently understand the fundamental concepts at primary level if the level of complexity increases once they reach secondary school, since the school system is considered as hierarchical (Tanner, 2003). Learning can be seen as hierarchical, since that earlier concepts make the foundations for the later concepts to be built upon (Hansen, 2014). Which is why the learning and teaching in Primary school is fundamentally important for when they transition to Secondary school. 
It is suggested that learning definitions and properties of shapes in two-dimensional can be considered difficult to learn in our environment, since children are constantly surrounded by typical shapes i.e. three-dimensional shapes (Walcott, 2009). Which results in the mathematical concepts and terminology in the test being confusing to some. Therefore, teachers will have to adhere to children coming into secondary school with different mathematical abilities (Tanner, 2003). 
The various errors found on the test were interesting to see, for a novice teacher. Where errors are made with a logical justification and, in order to develop pupils learning it is valuable that students investigate their own errors (Ryan, 2007). To try and combat these errors I try out different strategies in the classroom for the learners to correct the errors themselves (Tanner, 2003). One of these strategies is by including cartoon conflicts in my lessons, which aims to highlight the errors children already have and allows them to independently think of the alternative but correct answer (Swan, 2001). 
These errors could arise from pupils often apply rules and patterns from one area of Mathematics to another, which sometimes does not work (Askew, 1995). For instance, when pupils learn that multiplication and addition is associative but subtraction and division are not. Where it’s hard to teach the child that 3-5 is not the same as 5-3, but 3+5 is the same as 5+3.  
Identifying misconceptions are important in teaching, especially important for teachers’ in training, such as myself – a novice teacher (Tanner, 2003). Identifying the reasons for the misconceptions are even more important since they help to understand learners thinking and understanding process (Kosh, 2000), thus aiming to prevent the errors from being resistant to revision later on (Furani, 2003). To understand how children learn mathematics, the teacher must develop the understanding of children’s mathematical cognitive development (Hansen, 2014). Where one cognitive process from which a child is expected to have is learning mathematics through recognising and applying equivalences (Cockburn, 2013).
We can use misconceptions to enhance a previously taught topic or to review over prerequisite knowledge. Being made aware of the concept of cognitive load theory helps the teacher understand how some children process information (Skemp, 1976). It explains the difference between the amount and the organisation of the information, in a working memory and a long-term memory, in a child to that in a teacher (Sweller, 1988). Resulting in the child relying on weak problem solving strategies in mathematics. These weak skills can be seen on the test where students struggle to find coordinates on the mirror lines. 
We aim to identify these misconceptions from the pre-test and it will identify gaps in the students’ conceptual understanding on Transformations. These incorrect answers helped me to target what work needs to be retaught or taught, and what to focus on. Since it is suggested (Tanner, 2003), that to be an effective teacher we must address these misconceptions in our lessons and try to plan for them. We will now highlight the common errors I came across on the pre test and focus on how to overcome them in my intervention. 
According to (Foxman, 1982), reflecting a 4 sided straight-edged shape in a vertical mirror line is one of the easiest tasks in the topic of Transformations, with a success rate of correct answers up to 85% with 11 Year olds. However, it is noted that children do struggle on reflecting a shape, and reflects them either in the x and y axes or lacks understanding in how the perpendicular distance between the shape and the mirror line remains the same (Hansen, 2014). 
According to (Tracht), students also struggle to understand the concept of an ordered pair in coordinate geometry. Students have constant problems in realising the order matters in writing the coordinate pair. Different methods like ‘along the corridor and up the stairs’ can work to some extent since it links the maths with something concrete and relatable (Tanner, 2003). Whereas, others might prefer a visual representation to see the pattern that (1,2) is not the same as (2,1) (Tracht). Thus, understanding the baseline of coordinates is vital (Clement, 1985), since some students will even fail to recognise coordinates can even represent vertices of a rectangle.

Teaching them how to develop a mathematical argument from interpreting a graph is important for their understanding of this pre and post test (Muijs, 2017). Thus, having the students to recognise the differences between coordinates is equally vital in their arguments (Tracht). These arguments need to be developed through the process of relational understanding (Skemp, 1976), which is teaching the concept rather than the processes instrumentally. 
In teaching coordinate geometry, lessons begin to cover coordinates in the first quadrant, eventually progressing into the next three quadrants. This can be a confusing concept for students, since some have been used to the first quadrant so much so that some think the graph of a linear function does not have to go through the origin (Mathematics, 2016). In the test one of the questions was to draw x=y, and some only drew the line in the first quadrant. Another issue arises where some do not think creating a table of values when plotting a linear function will help them (Mathematics, 2016). If there’s a lack of understanding of what the function is telling them, they will not connect that coordinate pairs arise from the x and y values (Mathematics, 2016).
It does become evident that students have difficulty connecting graphs to functions itself, they believe that they are two different concepts (Clement, 1985), thus students need to be taught how to construct and interpret these graphs and to make meaning from them. They need to be aware of what each graph is making visible.
Making these connections and relationships are vital in mathematics, since it builds on learner’s knowledge (Tanner, 2003). Factors associated with graph comprehension includes a lack of prior knowledge or the topic of the graph, what is it telling us? (F.R., 1987). The literature goes into the term ‘graph sense’ to describe how they interpret these graphs. Graph sense can be split into three levels: reading the data, reading between the data, reading beyond the data (F.R., 1987). Then the aim is to construct a basic understanding of graphs to identify relationships in the data to therefore make broader judgements for ourselves. (F.R., 1987). Graphs can be complicating to make sense of, and they are considered as daunting to look at (Tanner, 2003). This is why the literal content of a graph should be split into sections, the value of data points, then the meaning of axes, then the relationships between points. (F.R., 1987). 
The importance of splitting up what the question is asking us to do, and then answer it systematically is difficult for a child (Tanner, 2003). For children, who have limited literacy and numeracy skills, to condense the data and make sense of it, is a big ask. 
Writing down the relationship and saying the relationship in your head are two different processes (Tanner, 2003), which a teacher almost forgets. The majority of the pre and post test was aimed on the children noticing the relationships. However, it is noted that one of the main misconceptions in Mathematics is making the connections between patterns and knowing how to write these relationships down (Mark Carpmail). How the question is portrayed, has a massive impact to the answer the teacher will receive. The language, the length, the complexity of the question are all factors a teacher must consider when creating test questions. Thus in the lessons, I had to use the correct terminology such as ‘mirror image’ or mirror line (Professor Kaye Stacey, 2008). Students may misinterpret what a mirror line actually means, they have the tendency of incorrectly labelling and recognising the scale, for instance, some will draw the line vertically instead of horizontally through the axes (Parkinson, 2012). But students find it difficult to recall and learn facts, and refuse to unless the work they do motivates them to do so (Tanner, 2003).
A child could also struggle to determine what is expected from them for the task (Mark Carpmail). Especially if some have limited confidence in Maths, this can effect their ability to answer questions (Mark Carpmail).
For the test, the type and context of the questions asked should be given in such a way to not confuse the reader (F.R., 1987). The test needs to be designed in such a way that children of Year 8 set 3 can understand and effectively answer the questions. 
In the module of Transformations, we have elements of algebra. In the test, the students were given an equation and asked the draw the line it represents and asked to find the x and y values from the equation. Algebra is seen in the curriculum since it is useful in the real world and it provides the opportunity for pupils to develop many skills (French, 2002). Algebra allows students to access the topic in other fields in Mathematics, such as Transformations. It bridges those links between each topic, which limits the idea of each topic being distinct (Tanner, 2003). Seeing algebra linked to Transformations and vice versa, constantly reminds students of the pre-requisite work learnt. Algebra is considered to some as such a difficult topic to learn, the literature compares it like a language, that you must understand in order to use it effectively (Hansen, 2014). 
In this study (Warren, 2005), she suggests children struggle in identifying the functional relationship between increasing patterns and their position. Where you need to see the pattern in order to fill in the table of values on the test. Since algebra can be perceived as such an abstract topic, there are endless misconceptions, which appear during teaching and learning the topic (French, 2002).This can be detrimental in the learning and teaching of Transformations. Especially since, studies have shown that children struggle more with solving mathematical equivalent equations than solving simple algebra story problems (Koedinger, 2004). 
Another misconception is failing to see coordinates of a line can be found by substituting values into the equation of the line. During the intervention, some did not know the process, how the equation worked, what the equation meant, and therefore got confused at what was asked from them with the table of values question. Some on the test, were simply replacing the letter with the number and ignoring the process of multiplication and addition (French, 2002).
Errors can also be made due to personal reasons, if the child fails to be in the ‘mood for maths’ (Mark Carpmail), feels unwell or can be as simple as having an argument at lunchtime. The time in which the teacher gives out these tests is vital, they can try to limit some problems that may arise like handing the test out early in the morning when everyone is wide-awake, thus creating a comfortable classroom environment (Tanner, 2003). On test days, having to consider the children with additional learning needs is equally important (Tanner, 2003). Teacher has to make sure they have their own space with the teacher assistant to suit their learning patterns.
This pre-test aims to diagnose these errors and through the medium of teaching and learning and aim to combat these misconceptions by the post test. The teacher has to measure where the errors lie to make sure these errors are covered in their teaching (Parkinson, 2012). The aim is to not teach them for what is purely on the test, but the topic in full, such that they hopefully grasp an understanding of Transformations from the pre-test to the post-test. 


School policy and practice
Before starting my research into the topic of Transformations, I thought it necessary that I was familiar with the amount of lessons I needed to cover and what elements to include in every lesson, which is all included in the departmental scheme of work (Appendix A).  Studying this document carefully, and knowing what was taught before, helped in my planning of the consecutive lessons and gave me a good indication what the children knew and did not know. I was able to create steps for every lesson, which I created with the class teacher, and plan the appropriate material in the four lessons he suggested. The class teacher would point me to the right resources and activities to use, to best teach the topic. 
Working collectively with the Maths department in School X, enabled me to share and take resources as well as take on board their teaching methods and strategies. Thus, it has had a positive effect on my teaching since I have felt I have learnt something new every day from the department and the school. Through professional speech has helped me learn of the different misconceptions out there, along with how to overcome them, for instance, by putting wrong answers on the board and starting discussions with the class. Discussing potential errors in my plenaries and starters, have helped me grow in teaching, and thus helped in my planning for the consecutive lessons ahead. Self-evaluating after every lesson and highlighting the strong and weak points with my teaching in the Comments book (Appendix I), has helped me develop different teaching strategies and has made me see what works well in my teaching and what my targets are. I have seen a massive change in my questioning, time keeping and organisational skills by being a reflective practitioner (Tanner, 2003). 
Every lesson must include assessment and feedback, and these elements have to be incorporated in my planning. Assessment for teachers not only examines how the child is learning, but also evaluates the teacher’s teaching (Tanner, 2003). It enables teachers to make future planning and thus, provide ideas for the next activity, which aims to tackle misconceptions (Mark Carpmail). I must include Assessment for Learning (AfL) and Assessment of Learning (AoL) in my lessons, the techniques I use to address these, differ for every class and are dependent on the topic. My mentor advised me to take the class books home to judge where the class is at with ability and content. Thus, looking through their books, I was able to judge how much scaffolding certain pupils needed and if any pupils would need extension tasks and how much. Although in School X, they take books home to mark, it is equally important to test via AfL in the classroom, so I researched and asked about different strategies, to incorporate them in my lessons. Feedback from marking books is just as vital to the children’s learning, thus, why School X allows for DIRT time in the lessons, so the pupils see teachers comments and targets for improvement.   
To analyse my teaching and to see the impact made in addressing misconceptions, I used a pre and post-test on the particular class (Appendix H). I decided to use this formative assessment technique on thirty pupils and consisted of ten questions in total, which were based upon the research I previously made on the topic Transformations. I will first give them the pre-test, which will highlight the misconceptions they already have and measure their prior knowledge in the module. This data will massively shape my planning, thus aiming to combat these errors through the tasks, examples and questioning I use. This diagnostic tool will draw special attention to those who struggled with the content the most, to the ones who found the content not challenging enough. Differentiation, thus, had to be considered for every lesson, in order to keep every child in the Zone of Proximal Development (ZPD) (Tanner, 2003).
The post test is issued out to the class, once the four lessons are completed and I had to make sure the same thirty pupils sat the test. This test would give me a good indication that my teaching has worked or not, by comparing the data from the first test and the second. Throughout my teaching, I aim to overcome the mistakes made in the first test, whilst aiming to see a positive trend of results between the two tests of the whole class. Therefore, I expect to see individual and whole class successful progression in the module Transformations. Being mindful of the fact that other elements of Maths were also incorporated in the test. 
Methodology and Ethics
It is apparent, from reading different sources that research can come in many forms. These forms can help mould your methodologies you use as a teacher in general. I will now discuss how these literatures have influenced my decisions to use such methodologies throughout my teaching, clearly mentioning the benefits and the limitations to them.
I decided to use the pre and post-test as my first method to use in the classroom. Since it not only investigates the impact my teaching has on the children’s learning (Tanner, 2003), but measures pupils’ progression in the module. In order to diagnose the misconceptions early on, I gave the class the pre-test, which will enable me to find out their pre-requisite knowledge on Transformations. My research will be designed around what questions I ask on this test, and to best test the children on the topic, I used both quantitative and qualitative data. Making sure, I created an Excel spreadsheet to effectively analyse my data and to then chose to display my data in a form of a graph. I was able to do all appropriate percentages needed, as well as breakdown the amount of marks they obtained for each question (Appendix C and D). The results obtained from the pre-test will be my baseline for my lesson plans. Since knowing, what they already know is key in making that progression throughout every lesson, so that they are able to access and effectively answer all questions the next time they sit the test. 
Once I have finished teaching all four lessons, differentiating the amount of tasks I use, such that they are engaged and motivated in the topic in lessons; the post-test is given out. They will be given the same amount of time to sit the test as last time, which was forty minutes. A quantitative comparison is made on the results obtained from both tests, to see if there is a positive trend in grades. Thus, the look of the test had to be considered, along with how it was conducted and how it was beneficial to the learners. Consistency was important, so the pre and post-tests did not differ in any way, no did the classroom or environment they sat it in. In order for there to be a fair set of results, I made sure the same amount of students sat the tests and the same pupils sat the test. Their level in mathematics did not matter for the test and the two who had Additional Learning Needs, ALN,  were taken into another room such that their teacher assistant could read the questions to them. To ingrain these rules, makes my classroom research fair, fit for further research, reliable, and trustworthy. 
Studies into the pre and post testing are controversial. A study in (Tanner, 2003) with Graham and Berry, showed only a small difference was made between the pre and post test results, due to them thinking the content taught did not change their own methodologies and intuitive concepts. It could also be argued that, since the pre- test is given at the beginning of the topic being taught, the results may show that the students know the test very well, and then there being no point in giving the post test (Kuehn, 2019). Whereas, another study says (Splats) doing the pre and post tests are just assessments, which allow students to see their progression over a short period, and lets the educators alter their teaching to suit their needs. Thus, meaning there are various opinions on this method of assessing the effectiveness of the teachers teaching. 
Since the pre and post tests should be used as a teacher diagnostic tool for calculating the learning (Kuehn, 2019), pupils with EAL and ALN must be able to access the test also. Teachers must be mindful of the fact, that it is a pure instrument to measure the effectiveness of their teaching and thus provisions must be in place for these students. It is evident that this type of testing will identify the weak and stronger students, therefore revising over lesson plans shortly after finding these students, is needed to differentiate worksheets and suit their learning needs (Kuehn, 2019) (Tanner, 2003).
To measure how effective my lessons were, I needed to consider assessment for learning in my lesson plans. Where the assessments made should structure future planning, by underlining any errors that children come across in the topic. Since teachers’ main objective from assessments is to plan to tackle errors before they come to light (Mark Carpmail). My interventions were planned based on communication between class teacher and myself. In addition, throughout my lessons, I made sure different forms of AfL and AoL techniques were used since it’s mentioned (Tanner, 2003) that they have a positive effect on children’s learning.  The formative assessments I used were cartoon conflicts, closed and open style of questioning, using post it notes and mini white board in my plenaries, which have been found to be heavily affective in motivating and engaging students (Tanner, 2003). Throughout my four lessons, I would use teaching methods like, discuss with the person next to you… or getting into these groups and discuss…. And do you agree with this answer? I have an example of one my lessons in (Appendix G) where I am going through Straight line graphs and talking about relationships between points. The different teaching strategies used in my lesson, have been made clear in the lesson plan (Appendix E ) as well as the resources I used in class.
Conducting this investigation requires me to be a researcher as well as a teacher. I have not only completed a Master’s degree so possess the skill to research and develop my teaching and learning, to help improve on my own practice, but BERA preaches on teachers making advancements in research (Association, 2019). It is imperative that, we as teachers, through educational research, collectively improve research quality in our subject areas. We must consider how beneficial to our practice, research is. Since we are in a developing world, we must evaluate what policies and methods are being used, to see if we can mould them into our classrooms. 
A part of being a researcher is being made aware of the ethical implications of the project. We must give all children the right to opt out of the testing, although we must make them aware that they still have to do the test, just the results will not be included in the research. The guidelines, which we follow from (Association, 2019), state that names must be made confidential, as does the schools’ name and any data obtained. The confidentiality and anonymity is central in ethical research and thus in place that the data cannot be tracked back to anyone. Using pseudonyms for participants and for location of the research is important in preserving anonymity and discretion (Wiles, 2008). 
The children in my class did ask me to repeat what research I was doing and how it benefitted them, since it is noted that children are less familiar with what research means (Ethical Considerations in Research with Children and Young People). We as teachers, thus, have to make children feel comfortable in their involvement in the research project. Qualitative consent was taken from all students at the beginning of the year; about consent for any research undertaken by teachers, always ensuring child protection and privacy issues are adhered to (Ethical Considerations in Research with Children and Young People). I made it clear to the class, the information was not going to be stored on any school monitoring system, and however they should still think of it seriously, like any other test. The class teacher made it clear, that the marks were still reported back to him, emphasising that they needed to try their best for every question. Although, the research they took part in was wholly voluntary and they had the chance to say no at any time. 
At the start of this module, I had to complete an ethics form in order to begin my research into different literatures. This had to be sent to the Faculty Ethics Committee as well as staff in the University to verify what I was doing was legit and appropriate for the module. To do so, I had to follow University rules and procedures to fill this out effectively, listening to my peers and lecturers for guidance. Therefore, throughout this project I was a researcher as well as a participant, that had to follow the steps in place to successfully complete the research to suit all ethical criteria promoted by BERA guidelines. 
Evaluation
I will now break down my results from my pre and post-test (Appendix A) which is showing the overall percentage the pupils had in the pre-test and comparing it to what they obtained in the post test. This gives an overview of the progression of the class as a whole and what students, found the investigation of no benefit to them at all. The aim is to see a positive trend, for students to have made progress from pre to post test, since this is what I am basing my evaluation of my teaching practice on. I will delve into question by question, mentioning common errors and comments made by students. Alongside these points, I will make comments as to my teaching techniques used to overcome these misconceptions. 
This comparison displayed in a bar chart, highlights every student whom took part in the formative assessment. It shows the thirty students whom took part and agreed to participating in my investigation. 


Question 1
For the first question we saw an increase from pupils getting 0 on the pre-test (Appendix C) to the majority getting full marks, so 2 out of 2 on the post-test (Appendix D). The question was about drawing a mirror line and labelling it. For that question, the class teacher as well as myself, thought it appropriate to give them an example first on the test. Linear lines are first seen (Government, Curriculum for Wales ) in Key Stage 2 and briefly in Year 7. Like said above, students often have a problem with recalling and learning facts, and that students will refuse to make an effort unless they are motivated to do so (Tanner, 2003).  Therefore, I asked them in the lesson, if they have seen linear graphs before, for which most said yes, from Science and IT. From it being a cross-curricular topic, they seemed more interested in learning about it further. To engage them further, in my lesson, I used an interactive graphing program to show them where the linear lines cross the axes. Where I aimed to create a meaningful learning environment by including something interactive for the students (French, 2002). Although, some may have thought the algebra to be confusing in the question. It can be said that some may have just misunderstood the question and saw the algebra and froze. However, like (Skemp, 1976) says, the term ‘understanding’ can be described as either relational or instrumental understanding. Since the pupils who struggled, must have lacked the know how and why (Skemp, 1976). Another explanation for the limited answers for that question could understand the basic rules of the task. A child has a limited ability to determine what is expected from them for the task (Mark Carpmail). This question requires a level of obtaining prior knowledge in mirror lines and applying it. Some may have limited confidence in Maths as it is (Mark Carpmail), so once faced with an unfamiliar task; they refrain from putting an answer down. Students also have a limited ability to accurately label and recognise the scale, since some will draw the line vertically instead of horizontally through the axes (Parkinson, 2012). 

Question 2 
This question was worth one mark and was intended to test the students on how well they knew the relationship between the coordinates and the mirror line. In the pre-test (Appendix C) four students had the answer correct and in the post-test (Appendix D) six had the answer correct. Like mentioned above, this could be because an underlining issue of children just find it hard in imagining the relationships between the numbers (Mark Carpmail); therefore, it would be hard for students to notice that the y coordinates are all the same. Since it is found that a graph or picture is aimed for us to conceptualise and get a general idea of the mathematics (Cockburn, 2013), if students fail to see the overview of the graph then it explains why some left the question blank. Where working mathematically stems from the child’s experience in working with numerical data and representing it in pictorial form (Cockburn, 2013), so perhaps giving the child numbers and working forwards to create a graph, would be fine, but working backwards to synthesise what the picture is showing would be difficult. One cognitive process from which a child is expected to have is learning mathematics through recognising and applying equivalences (Cockburn, 2013). The equivalence property applies here, where the question is asking about all the y coordinates, since I was looking for an answer, which mentioned sameness, or all the y coordinates were minus one. 

Question 3
This question was out of two marks, one for drawing the line and another for labelling it. In the pre-test (Appendix C) we see only two people answered the question and only had one mark each. Whereas on the post test (Appendix D) the figure rises to 16 having answered the question including four who had full marks. Where one of the cognitive processes a child has to have besides the ability to explain the graph, is the relationship between moving between numerical or algebraic representations and visual representations (Cockburn, 2013). Here we have an equation of a line with just algebra and they had to draw this line on the grid. Not understanding how algebra links to a graph is an issue most children have, since algebra is considered as such a difficult topic to learn (Hansen, 2014). Seeing algebra in another topic can be a difficult concept to grasp and if they struggled with understanding algebra, they might struggle understanding drawing a line, which involves algebra. The misconception that they could have picked up is that graph of a linear function does not have to go through the origin (Mathematics, 2016), so when they are asked to go through it, to some it could be seen as wrong. Other issues is with a lack of graph sense, students could misinterpreting what the graph means, or get the orientation of the line confused and or lack the ability to notice the relationships between the points (F.R., 1987). 
Question 4
[bookmark: _GoBack]Students either left question four blank or had the question incorrect in the pre-test (Appendix C), whereas on the post test (Appendix D) five people answered the question. This question was one mark and aimed at students seeing the pattern that all the x coordinates were the same as the y coordinates. I feel, there was a lack of understanding of what was asked from them in the question since children must have a certain level of understanding of the basic ‘rules’ of the task (Mark Carpmail). Here, in this question, the equation of the line involves no numbers. Since, studies have shown that children have difficulties with solving mathematical equivalent equations in algebra (Koedinger, 2004), this question can pose to be a challenge for some. Also, like above, it is mentioned that students struggle with finding connections in Maths (F.R., 1987). I had students, who attempted the question but couldn’t express what they were thinking in mathematical terms, where their lack of literacy skills let them down (Mark Carpmail). 
Question 5
This question was aimed at students seeing the two lines meet and asking them at what point. This also highlights if they can write coordinates down correctly. In the pre-test (Appendix C) no one answered this question correctly. Nine students answered this question correctly in the Post test (Appendix D). Although some students saw the lines meet but wrote down the wrong coordinates, and some wrote down a pair of coordinates. This could have happened because the answer line is quite wide, which can be misleading. The errors from this question, were a lack of cognitive skills to know what the question was asking (Sweller, 1988) and the lack of interpreting where the two lines meet. Thus, needing help with coordinate geometry and understanding an ordered pair (Tracht). 
Question 6
Question six on the pre-test (Appendix C) and post-test (Appendix D) was out of 3 marks, a mark for each number in the boxes. Twenty-four answered with one person having one mark, another person having two marks and the others had full marks. They had to recognise the pattern and I had already filled in the box for x=0 to help them. Algebra is involved here, where students must recognise the pattern to fill in the table. The tests highlight a strong understanding of the skill of substitution; however, some students were still making the error of simply replacing the letter with the number, ignoring the process of multiplication and addition (French, 2002). I had to make it clear in my lessons for tables of values that they always have to write down their workings, since they could risk losing vital method marks in an Exam. Workings also demonstrate cognitive connections, seeing where the numbers go in the equation. Connections, links nicely to security, finally onto more concrete understanding of the question (Cockburn, 2013). 
Question 7
Here we had 16 students answering the question in the Pre-test (Appendix C). This question was out of three, one mark for each box filled, but this time the equation was more difficult. Yet again, I filled in x=0 box, to help them. Still some students just wrote any numbers in the boxes, then three obtained one mark, seven students obtained two marks and the rest obtained three marks. Yet again, algebra was involved and thus sometimes not all material connects to existing networks in Mathematics (Cockburn, 2013). Therefore, in my lessons, I had to create a sequence of steps for the students to follow, whilst I was going through the examples. This ‘schema’ is aimed to restructure the child’s structure of thinking of substituting values into the equation (Cockburn, 2013).I aimed to cover continuing patterns in my lesson, using the wrong answers I obtained in the pre-test and sources online (Appendix C). One of the main issues, was that the student failed to see the pattern in the numbers (Hansen, 2014), although they have been seeing similar sequences since primary school. My questioning, which included funnelling and focusing type questions (Tanner, 2003) to engage the class into discussions and to draw their attention to the misconceptions that occurred in the pre-test.  
Question 8
In the pre-test (Appendix C), only two answered the question correctly, in comparison with the post-test (Appendix D), where thirteen answered correctly. I feel if there was a larger space between the grid and the question may it would be have made a difference, since it could be seen as cluttered on the page (Tanner, 2003). The principle of putting marks next to the question would have possibly helped motivate students, to try the question. Since it is said that the learning of the child is individual to that child, helped by the social environment of the classroom (Tanner, 2003). Following this notation is the fact that the correct answer, which was highlighted in the pre-test, does not necessarily, mean the child used an efficient strategy to find out the answer (Tanner, 2003). Which is the reason for these intervention lessons between the pre and post testing. To precisely find out if, they genuinely know how to find the equation of a line. 
Question 9
Pre-test shows twenty-six students answered this question (Appendix C), which was the highest amount of answers in the entire test. In the post-test (Appendix D), the amount of students whom answered the question increased by one. So reflecting on my teaching, I truly only helped improve one student’s result in that question. I feel this was one of the easiest question on the paper since they have been asked to find the coordinates of the corners of a rectangle since Year 7 (Government, Curriculum for Wales ). Before starting the test, the class teacher told them, that there was at least one question they could answer on the paper. Since the teacher noted the attitudes of the students, thus ‘talking things through’ about the test paper questions helps build self-confidence and hopefully a deeper understanding (Tanner, 2003). Next time, to achieve full marks in this question, I will use teaching strategies such as asking the children to sit in the same seats as the previous lesson, which in other words is talking about the same position as last lesson, so using the students themselves as coordinate points in the room (Cockburn, 2013). 
Question 10
From the pre-test you can see just five students answered this question correctly (Appendix C). In the post-test however (Appendix D), twenty-four answered the question, which is massive increase in results. But I found in the pre-test in particular, a variety of answers for instance, some reflected in the axes such that the resulting picture seemed ‘balanced’ (Professor Kaye Stacey, 2008), some drew the shape out in the three other quadrants but on its side, so reflected it but chose the incorrect orientation (Professor Kaye Stacey, 2008). To help me in my teaching of reflections, I added in answers I obtained in the pre-test to highlight these misconceptions. Since it’s key that the pupils see where and how they went wrong themselves and can correct their own answers based on me highlighting common errors in the lessons (Ryan, 2007). It is suggested by (Foxman, 1982) that reflecting a shape can be affected by the angle of the mirror line to the page. A solution to this misconception of wrongly reflecting the shape in the mirror line, would be checking their answers with a mirror on the actual mirror line and seeing if their shape drawn, matches with the reflected shape in the mirror. So next time, I will give them a mirror to check their answers. Teaching strategies next time, would to be include the example of our shoes, in what sense are two reflected shapes different, one shoe is a mirror image of the other one (Cockburn, 2013). This becomes problem some if students especially cannot find the difference between the letters ‘b’ and ‘d’ since this is the same concept of reflection (Cockburn, 2013). In my lessons, I had included the example of the letters and asked them what do you notice about these, since my main approach of teaching is interactive whole-class teaching (Tanner, 2003). Which has resulted quite beneficial in this investigation process.  
Conclusion
To conclude, question six, seven and nine were the best-answered questions in the pre-test (Appendix C). Whereas, in the post-test (Appendix D) the best-answered questions were one, six and nine. Thus, showing the impact of my intervention on the test results (Appendix B). The average overall percentage in the pre-test was 39%, which increased to an average of the overall scores of 63%.The increase just demonstrates the effect of my teaching on the class as a whole. During my invention sessions, I used many different techniques to help in this investigation. For instance, I highlighted misconceptions in my plenaries and examples e.g. using cognitive conflict; I used of different styles of questioning and differentiated tasks to keep students motivated and engaged throughout. Since I gave out the tests just before and after teaching, I feel it gives the best source of formative assessment (Tanner, 2003). I felt there were three students whom done worse in the post test than in the pre-test, this could have been due to many factors, the child has to be in the ‘right mood for working’, the child’s self-esteem and attitude towards the subject and or the teacher (Mark Carpmail). They all have an impact on their learning. Overall, the majority made significant improvements in the tests. 
Finally, misconceptions can be found with pre and post testing, to tackle at the planning stage and to combat during lesson time. The teacher will find out these errors, and delve in further to see why these have occurred, and how to overcome these difficulties for the child to maintain their learning journey (Mark Carpmail). The purpose of testing the students is for the teacher to fully understand what the pupil knows, to find out how the pupil learns and to mainly analyse the success of their own teaching (Tanner, 2003). Where using processes such as cognitive conflict (Skemp, 1976) aims on combating these misconceptions in children by making them recognise where they go wrong in a question. The teacher will use more relational teaching rather than instrumental (Professor Kaye Stacey, 2008) so enhance problem solving skills and such that a pupil understands the concept rather than the methodology. We teachers, aim to drive students’ progress, by helping pupils to construct new recipes of learning (Tanner, 2003) through using connections to prior experiences (Cockburn, 2013) . However it is noted, (Swan, 2001) that regardless what children are taught, they will still make the same mathematical mistakes and come up with their own mathematical concepts. This is why researching has found that finding more creative approaches in Assessment for Learning and giving students more challenging work in the classroom will help (Hansen, 2014). Therefore, the sole aim is to improve the teaching and learning experience for all. Where it is found that diving into why the child writes the wrong answer is far more effective than simply correcting them at the time (Cockburn, 2013).
For a teacher to continue to improve in their teaching and learning experience, they must be a self-evaluative practitioner (Tanner, 2003). Teachers need to fit in time to consider reflection, their dialogue, their interpretations and assessment of errors, since research shows this is when learning that is more mathematical will take place (Hansen, 2014). Being this self-evaluative and reflective teacher is a strand I must meet in the Qualified Teacher Status (S1.7) (Government, Curriculum for Wales ).
Limitations and future development
I will now list the limitations in my investigation to help improve my teaching for when I next teach Transformations. To begin with, I would construct better questions in the test (Appendix H). My questions were quite lengthy and the language could be seen as confusing. So next time I will keep it simple and ask more direct questions with the allocated marks on the side. In my first lesson (Appendix G) I was referring to x=y being the equation of the line instead of using y= x for the equation of the line. Using different forms can make it more difficult to understand, especially if they are used to y= something. A teaching technique to help demonstrate how to teach coordinates next time, could be drawing a coordinate grid on the ground, then giving instructions to get the students to move to different points to show that (1,2) is not the same as (2,1). It is difficult to think of different strategies, but another would be giving a blank coordinate grid, then have the students plot different points, making sure the x and y coordinates are different, i.e. (1, 2), (1, 3), (2, 5). Next, give them another blank grid, and tell them to plot the points (2, 1), (3, 1), (5, 2) and ask them to put the completed grids side by side. Lastly, ask them if the points are the same (Tracht). 
Limitation with question 5 could be, if the students didn’t know how to plot the line x=y then they couldn’t have possibly answered the question. Next time, I will think through the design of the questions better. For instance I could have asked them for a coordinate on the x=-5 line. I know I could have had many different answers, but at least they would have the chance to be able to answer the question.
Creating better plenaries has been an ongoing target of mine, now I have developed them into combatting misconceptions in that topic.  So the plenary I used in my lesson was recapping over the steps of the lesson, which wasn’t the best in combatting errors. In the plenary, however I would ask a range of questions to engage the audience, for instance, I would ask them how we say that coordinate there. (Draw a dot for where I meant). 
At the start of the investigation, I had just started back in my first placement. Teaching after the Christmas break was quite daunting. So when I created this test, I didn’t feel I knew the children individually enough to understand what they would understand or not. So lessons at the start of the term were quite structured and I was still using my mentors’ steps in my lessons. Slowly he taught me to think more like the kids, such that I understand their learning processes and thus can plan better lessons around this knowledge. I have found ways of balancing the workload, coming up with steps for my lessons, which suit children’s’ needs and sending my plans into teachers earlier. I found, in School X, I was planning a day in advance, which wasn’t practical as time went on, it also meant the quality of my lessons weren’t the best to my ability. It meant questioning was another one of my main targets, since, the learning of mathematics is via a social environment with questioning, prompts and discussions (Hansen, 2014). Evaluating on every lesson helped me improve in my questioning, assessment techniques in the classroom and confidence as a teacher. Working with a strict timetable and adhering to school rules and procedures has helped me become more structured in my planning. Learning the school policy helped me with classroom management, and I slowly improved towards the end of the investigation with the class more engaged in my lessons.
Assessment for Learning (AfL) techniques aim for children to recognise their own errors in their learning (Hansen, 2014). Therefore, my AfL techniques were limited whilst I was doing the intervention since I was more of a novice teacher than I am now. The AfL techniques I could have used in my lessons were mini white boards and post it note activities. For which I now use, and are very effective in my lessons. I could have improved on the test itself, by researching into other formative assessments to use on the class, like interviewing students individually or using multiple choice type questions. Although, interviews are time consuming and can be difficult to collect the data. This two sided test, seemed the most effective at the time, since it was a test which looked similar to what they are used to with their class teacher. Although I will include marks by each question next time to try and motivate students to try and answer, and not leave the question blank.  
Before becoming the class teacher of this class, I only had the chance to observe a few lessons with the full-time class teacher. It seemed to be such a short space of time between me observing and teaching them. In this instance, I did not have time to get used to each child’s individual learning patterns or process (Tanner, 2003). Which could have been useful to have known, if I had observed the class for a longer timeframe. 
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My lesson plans were based on the content on the Scheme of Work. For this investigation module, I focused on Module 10 for the Year 8 class. Testing them on the first two topics, Revision of graphs and Reflection.
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Appendix B- Overall results from the tests for the whole class. Which shows a positive trend of results overall. The majority of the class made progress between the two test papers, some improving a lot more than others, and some who actually done worse in their post-test compared to their pre-test. 



Appendix C – Pre-Test Spreadsheet. This shows a breakdown of every question along with their scores and percentage marks. The different colours highlight the scores so they are easy to analyse in the evaluation.
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Appendix D – Post Test Spreadsheet. This shows a breakdown of every question along with their scores and percentage marks. The different colours highlight the scores so they are easy to analyse in the evaluation.
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[image: ]Appendix E- My lesson plan for my first lesson on graphs. I have also self-evaluated my lesson at the end. Thinking of where to improve for next time and what would I keep when moving forward. In hindsight, I would not use that program to show the different linear graphs again, since some could not see the lines from the back of the classroom. 
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Appendix F- The examples and task booklet for the lesson.
[image: ]We discussed a spoke about the relationships between points and lines, but they never wrote anything down. Next time I will include a question like ’what do you notice about___?’ in the examples. 
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Next time- make the GCSE style questions the extension work. 
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Appendix G- The lesson on ActivInspire flipchart. Along with comments made about AfL techniques and what questions were asked. I had to allow the pupils with ALN extra thinking time when I asked them questions and had to remind the other students to be respectful when they are thinking of their answers. I did not allow any sniggering or snide remarks.
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Next time, write y=x not x=y.
[image: ]Next time, use a wrong answer to a question to highlight a misconception. Then get them to discuss whether the answer is correct or not. 


[image: ]Appendix H- the Transformations test
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Appendix I- Comments report for the first lesson. 
Overall Results
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Circulate with a red pen to mari work

Go over answer to question 1 after 3 minutes
Circulate with selotpe.
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LEARNER ACTIVITY (What wil the learmers do?)
Doing the task. Using a pencil and ruler to draw
the lines.

Check they are correct with question 1.

Stick in their sheets into their books.

relationships with points and linear graphs.

REASONING (Why have | chosen this? How Goes Tk (0 The objeciives?)
The information they have leamnt in the first section of the lesson can be put to use. They can
‘complete the worksheet and ask for help if they need it. Developing the skill of drawing and making

'MAKING THE LEARNING ACCESSIBLE
(How will ensure all leamers can access the lesson?)

The Activinspire flipchart wil be saved on the
memory stick. Print outs will be given to the
absent students.

ASSESSMENT (How will | Know I s worked?)

Now following the examples, what did miss do for
question 1? What were the steps?

Why did we draw our line vertically and not
horizontally?

ACTIVITY 4

TIMING — 2:40 15 mins

TEACHER ACTIVITY (What wil | do7)

Go over answers 1o task sheet. Consolidate ther|
leaming. Chec I there any different answers. Have
to circulate fo check.

Put plenary on the board. Tell them to look at the
‘question and discuss in pairs how they wouid answer
it

2 minutes before the bell goes, they have to put all
‘equipment away and stand behind chairs.

LEARNER ACTIVITY (What wil the learmers do?)
Check their answers with a green pen and check they
have the correct answers.

‘Discuss in pairs how they wouid answer the question
on the board.

Listen to instructions

To put equipment away and stand behind chairs
quietly.

REASONING (Why have | chosen this? How does it
link to the objectives?)

Consolidating they know the steps to draw a
linear graph and know how to confidently say and
recognise a coordinate.

MAKING THE LEARNING ACCESSIBLE
(How will | ensure al leamers Can access the lesson?)

The Activinspire flipchart wil be saved on the
memory stick. Print outs will be given to the
absent students.

ASSESSMENT (How will | know if i's worked?)
What would you do first? What were the steps we
took? What can you find out from plotting the
linear graph? How do you say that point? Do you
and your partner agree with that answer? No, why
not?
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PRE-LESSON CHECKLIST

‘Wil leamers be developing their skills n...2

X Literacy? Oracy in reading! understanding what the questions mean.
X Numeracy? The starter task goes over arithmetic skils

O Digital Competence?

X Does this lesson conribute to a specific element of one of the frameworks? Y /N How? Callaborating
With others to discuss answers.

XY Curicwiwm Cymreig? Using commands in welsh, certain words are transiated into welsh on fipchart.
Promoting welsh when they ask to go o the toilet

x ESDGC? Where can you find linear graphs in the worid?

Have | considered... (Adapted from Fletcher-Wood (2016)

* Hook: How does the opening task get the leamers interested and thinking?
*Model: I i clear to the learmers what success Iooks ike?

* Focus: What wil this lesson make the learners think about?

* Access: Can every leamer access the main ideas of the lesson?

* Challenge: How will every leamer be challenged by this lesson?

EVALUATION
(How did the lesson go? What points will | take forward to the next lesson? Couid | use ths lesson as.
‘evidence in my FDP7)

Need to think of more questions to ask in the Plenary. My timings were off since the examples
‘shown on the computer took t00 long. Some of the lines on the program weren't vsible from the
back of the class. Use mini white boards next time as an AFL technique. The content was brought
across well, they seemed confident at the end of the lesson to say coordinates and draw linear
‘graphs. My questioning is improving. Waiting a bit longer for a response from certain individuals,
Works a lot better. | wil be more patient for responses in my next lesson with them.
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KEY STAGE THREE COURSE: MATHEMATI S

: The course covers the National Curriculum for Mathematics; Level 3to7(8 &
beyond for exceptional pupils) and the National Numeracy Framework.

In years 7 and 8, classes use the “Maths in Practice"” text books, which are

supplemented by problem solving investigations and online tasks. The fext

books are graduated according fo ability. At the end of each ferm, the

pupils are tested on the work covered.

In year 9 the GCSE course is started. The course has been designed fo cover

The National Numeracy Framework for Year 9 and the first parts of the new

GCSE Numeracy and Mathematics Specifications.

Developing Thinking, Communication, Numeracy & ICT.
Increased understanding of Functional Maths (everyday maths in context.)
Recall and use mathematical knowledge, apply mathematical methods
and interpret, analyse and solve mathematical problems.

ired & group work.

k all topics listed are taught to
ensure full coverage of the Numeracy Frameworl ) {
am“m.o;oimér those topics in bold print are more demanding topics and are infended

refch the more able classes.




