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ECSP7002 – Curriculum Enhancement and Development 
What common misconceptions are found within Percentages and the teaching of Mathematics at Key Stage 4 and how can these misconceptions be effectively targeted through teaching?
Introduction:
This research assignment aims to analyse the misconceptions within the topic of percentages. The school in question will be referred to as School X from here on out. School X is an eleven to sixteen, English medium secondary school located in an urban area. Within School X 28.3% of students are eligible for free school meals and 9.3% of students with English as an additional language (Welsh Government, 2019). The research was conducted with a Key Stage 4, year 10 class, with 17 students. The students in the class were given a pre-diagnostic test. The results of the test were analysed, and the students were taught seven lessons, following School X’s scheme of work. Once the intervention lessons had been taught, the students completed a post-diagnostic test. The overall results of the diagnostic tests and effectiveness of the intervention lessons will be analysed within this report. 
The key research question analysed within this assignment is; what common misconceptions are found within Percentages and the teaching of Mathematics at Key Stage 4, and why do students form these misconceptions? Throughout this report, key literature surrounding the topic will be identified, School X’s policies and guidelines and the methodology and ethics will be examined and explained, and the research findings will be evaluated forming a conclusion. Any limitations or areas for future development will also be explored. 

Literature Review:
Within mathematics, Tanner and Jones (2000), identify that developing the ability to spot patterns and make generalisations is an important element to effective teaching (Tanner and Jones, 2000; p86). Many errors presented in pupils work are a result of misconceptions surrounding the given topic rather than careless mistakes made by the pupil (Tanner and Jones, 2000; p86). An awareness of such misconceptions is vital when teaching mathematics in schools to ensure that effective lessons and teaching and learning takes place. Many misconceptions are widespread and an awareness of such misconceptions associated with a particular topic will ensure greater effectiveness within the preparation of lessons and resources and the teaching of a topic (Tanner and Jones, 2000; p87). 
Tanner and Jones (2000) suggest that misconceptions in mathematics may arise due to a number of reasons and in a variety of ways. However, a common theme arising within misconceptions adopted by students seems to be the use of a flawed procedure or conceptual structure (Tanner and Jones, 2000; p88). Additionally, the overgeneralisation of a concept, rule or principle can result in misconceptions arising (Tanner and Jones, 2000; p88). Bell (1993) argues that misconceptions should be addressed through interventions which are designed with the intent of exposing and resolving cognitive conflicts (Bell, 1993; p5). The objective of teaching of mathematics within schools should be to help pupils develop an awareness of their relational thought and hence the creation of relationships (Gattegno, 1963; p55). As a result, the development of an attitude towards human richness and an increased power of intelligence will be encouraged in pupils (Gattegno, 1963; p55). 
It is argued that the curriculum taught in schools should equip pupils for adult life through developing pupils capacities and knowledge (Bell, 1993; p6). However, within the teaching of mathematics, the curriculum is aimed intently at providing pupils with experiences of organisational and interpretational skills through which they use mathematical ideas and activities (Bell, 1993; p6). Through targeting pupils misconceptions with successful intervention, pupils must first appreciate and acknowledge that there is something incorrect with their current understanding of the topic (Tanner and Jones, 2000; p92). In the next stages of the intervention, pupils must make an active effort to change their current way of thinking. Therefore, the learning process must be important enough for pupils to want to make a change to their existing incorrect understanding.  
Pupils must be engaged to challenge their incorrect thought processes. If pupils attempt to generalise their learning, then subsequently a number of their generalisations will be incorrect, or at least limited (Tanner and Jones, 2000; p96). As mentioned by Bell (1993), Tanner and Jones (2000) also praise the use of cognitive conflict as a successful strategy for addressing common misconception raised by pupils in the classroom. In order for the strategy of cognitive conflict to result in the successful challenge of the misconception, the problem questions given to pupils must lead to clearly illogical answers in the presence of such misconceptions (Tanner and Jones, 2000; p96). The answers of such problems should lead the pupils to realise independently that their answer irrefutably cannot be correct. Therefore, the generalisation, and hence misconception, held by the pupil is challenged so much that the pupil must adjust their incorrect understanding and way of thinking. Following the conflict, it is the role of the teacher within the classroom to aid the students in resolving the conflict using correct and relational thought and understanding of the topic. The teacher may use questioning, discussions, or visual aids to help resolve the conflict, as suggested by Tanner and Jones (2000) (Tanner and Jones, 2000; p96). 
Additionally, Black and Wiliam (1998), argue that substantial learning gains are seen as a result of frequent feedback to pupils and the use of classroom formative assessment (Black and Wiliam, 1998; p7).  Greater links between assessment and classroom learning must be formed to ensure that all forms of classroom assessment contribute to improvements in classroom learning (Black and Wiliam, 1998; p7). If teachers were able to identify the pupil’s main areas of strength and weakness within a topic before teaching that topic, then future lessons could be informed by such a form of classroom assessment. Through the use of a low risk class assessment the teacher would be able to identify which specific areas within a topic needed more focus than others. As a result, planning of future lessons would be informed by the pupil’s needs and more effective learning would take place, allowing students to be challenged accordingly. 
Conversely, Doabler et al (2015) suggests that scientific development, evaluation and revision framework it is possible to produce a curriculum that is effective in the teaching of mathematics (Doabler et al., 2015; p97). Such an approach would revise the curriculum in a way that common misconceptions associated with certain topics would be taken into consideration throughout the design stages of the curriculum. As a result, it would be possible to design the curriculum and schemes of learning in such a way that common misconceptions within mathematics could be challenged. Through such a strategy it is possible that teachers would be more prepared to challenge common misconceptions raised in the classroom by student. During the planning stages of future lessons, such a curriculum or scheme of learning could aid the teacher during their preparation. As a result, the teacher themselves and the lessons taught to pupils would be equipped to deal with common misconceptions, through the use of guided discussions, visual aids and questioning, should such misconceptions arise (Tanner and Jones, 2000; p96). 
Through various forms of assessment for learning, it is possible to target and challenge common misconceptions that arise in the classroom, as suggested by Crooks (1988). Crooks argues that one of the most effective forms of assessment for learning within the classroom is focused feedback. Within the classroom, less emphasis should be placed on summative forms of assessment, and greater emphasis should be given to the potential to assist learning through generic classroom assessments (Crooks, 1988; p438). However, to ensure that pupils are provided with useful feedback that will aid them in their learning, it is important that the teacher not only informs the pupil that their answer is correct or incorrect, but “indicates why they have made an error” (Tanner and Jones, 2000; p103). Additionally, Natriello (1987) also suggests that evaluation of classroom processes is vital to ensure effective teaching. Natriello examines the evaluation of students within classroom through a “conceptual framework that is developed to highlight key elements of the evaluation process” (Natriello, 1987; p155).  It must be noted that evaluation processes within schools serves multiple purposes.  However, Natriello argues that much of the literature surrounding the topic fails to account this and is also “limited by a lack of information on actual evaluation practices in schools” and the failure to concentrate on all features of such a multifaceted evaluation process (Natriello, 1987; p155). 
A school’s ability to evaluate within the classroom and the process that are implemented is vital to effective teaching and learning. Without effective evaluation processes, a culture is created where there is no room or arguably desire to progress and improve. Through the evaluation of teaching practices and classroom learning, it is possible to create an environment that promotes independent learning and a relational understanding of topics. Therefore, it is essential that teachers evaluate their practices and preparation for lessons to ensure that pupils are receiving the best education. Through effective preparation for lesson, misconceptions can be targeted, with the aim of providing pupils with a more relational understanding of the concept (Tanner and Jones, 2000; p96).   
To ensure that pupils gain a relational understanding of the topic, it is important to use a variety of teaching strategies to target common misconceptions that arise within the classroom. Tanner and Jones (2000) conclude that the most effective approach to dealing with pupil’s misconceptions is with the use of practical work. Such a practical approach to targeting misconceptions within the classroom can provide pupils with “valuable feedback about the limitations of their concepts and can assist pupils in learning to think mathematically” (Tanner and Jones, 2000; p102). 
Much like Gattegno (1963), Tanner and Jones (2000) argue that students must understand the topic relationally to overcome incorrect generalisations of mathematical concepts. Tanner and Jones suggest that one of the main teaching strategies that proves effective in targeting misconceptions is “requiring pupils to explain their thinking to each other and you” (Tanner and Jones, 2000; p103). Through guided discussion it is possible to guide pupils to the conclusion that their mathematical thinking and conception is incorrect and, in some cases, illogical, hence promoting independent learning within the classroom. This strategy forms the basis of a cognitive conflict. Due to the overgeneralisation of mathematical concepts, as suggested by Bell (1993), students draw incorrect lines of thinking to solve mathematic questions. It is the role of the teacher to ensure that such misconceptions are not reinforced within the classroom through their repeated usage in solving mathematical problems and questions (Tanner and Jones, 2000; p103). This strategy, suggested by Tanner and Jones, requires pupils to be able to explain their mathematical thinking and thought process. As a result, pupils must “reflect on their own strategies and adopt more effective ones” (Tanner and Jones, 2000; p103).  For pupils to understand relationally where they area making mistakes, they must begin to think mathematically and learn to “predict where errors may occur” (Tanner and Jones, 2000; p103). 
Ultimately, the teacher should aspire to ensure that all pupils within the class have a sound, relational understanding of the topics and concepts being taught. There are a wide variety of strategies that can be used to ensure this goal is reached. Errors that are presented within pupil’s work could potentially be used as teaching points within the classroom. Black and Wiliam (1998) state that practices of formative assessment should be continually present within the teaching classroom (Black and Wiliam, 1998; p10). Questioning and guided discussions between student can be used as teaching strategies within the classroom to engage pupils. Through the use of open discussions around the subject of misconceptions, pupils are require to explain their thinking about and subsequently pupils are also required to listen to others methods and ideas and attempt to understand them (Tanner and Jones, 2000; p103). As a result, pupils must think more openly, relationally and mathematically to try and understand the methods and concepts adopted by others within the class. This type of strategy requires pupils to learn more independently and adopt a mathematic based way of thinking, which is essential to gain a relational understanding of mathematical concepts. 
To ensure that pupils have restructured their existing concepts correctly and effectively, it would be wise to check their knowledge. This could be done using a number of strategies, such as using similarly structured questions or tasks, a plenary or providing pupils with questions and answers with deliberate mistakes (Tanner and Jones, 2000; p103). It is vital that pupils do not merely regurgitate an algorithm learnt through repetition, but that they understand and address the varying aspects of the mathematical concept  (Tanner and Jones, 2000; p103). Jolliffe (1988) argues that the use of a plenary within a lesson not only clearly indicated to both the student and teacher what the pupil has learnt within the lesson, but requires the pupil to reflect on the lesson (Jolliffe, 1988). The pupil should be able to identify the new knowledge they have learnt within the lesson, and how the previous work links to their new knowledge during the plenary (Tanner and Jones, 2000; p103). However, to ensure that both the pupil and teacher are aware of what has been learnt within the lesson, and potentially what misconceptions are still present within the pupils existing knowledge, it is essential that assessment for learning is present within not only this task, but the whole lesson. Without effective assessment for learning the teacher fails to know the full extent of the pupils understanding of the topic and concept being taught. 
Ultimately, it is clear that much of the literature surrounding targeting misconceptions that arise in the classroom suggest that assessment for learning and planning to effectively deal with misconceptions is of upmost importance. A main strategy, praised by both Bell (1993) and Tanner and Jones (2000), for effectively challenging pupil’s misconceptions is the use of cognitive conflict. Pupils are generally seen to derive misconceptions through the use of a flawed conceptual structure and procedure or the overgeneralisation of a mathematical concept (Tanner and Jones, 2000; p88). When such misconceptions present themselves within the classroom, providing pupils with a question that will lead to a clearly illogical answer when pupils use misconceptions can be used as an effective teaching strategy when targeting misconceptions. This is one example of teaching through the use of cognitive conflict. Only once the pupil has identified that their procedure and mathematical method is flawed can they work towards a correct and relational understanding of the topic or concept. However, to ensure that such a relational understanding is gained by the pupil, effective assessment for learning must be present within the classroom, as stated by Black and Wiliam (1998). Through the use of classroom formative assessment and frequent feedback pupils are able to yield substantial learning gains (Black and Wiliam, 1998; p7). Hence, effective feedback and assessment for learning within the classroom, such as questioning and open discussions, is essential to ensure that misconceptions are eradicated and that pupils are able to gain a relational understanding of mathematical concepts. 
School Policy and Practice:
Within each department of School X, each class must follow a scheme of learning. The scheme of learning is created by the department, and outlines what must be taught to students for each specific topic on the National Curriculum. The schemes of learning within the mathematics department of School X outline the specific lesson objectives for every lesson taught on the topic and the grade at which the sub-topic is set. The lesson objectives and grade are made clear to the students in every lesson, with students being asked to write this information in their books. 
Moreover, the schemes of learning used within School X suggest specific ideas of activities, tasks, and exam question that may be used within lessons. Common misconceptions that may arise in certain topics are also outlined. Therefore, during the preparation stages of lesson planning, the teacher is able to plan for the possibility that specific misconceptions may arise. As a result, the lessons planned for students may be more effective in challenging misconceptions, due to the fact that the class teacher is better prepared to deal with them. Such a scheme of learning that outlines misconceptions that may arise in the classroom works in accordance with what is suggested by Doabler et al (2015). In the event that a common misconception was to arise in the classroom, the teacher may be more equipped to target and challenge the misconception. Due to the fact the scheme of learning outlines common misconceptions, the teacher would be aware of the misconceptions that may arise and would take these into account during their planning. Consequently, a number of strategies could be used within the classroom, such as cognitive conflict, questioning, and discussions, due to the ability of the teacher to plan carefully for such situations prior to the lessons (Tanner and Jones, 2000; p96). 
Furthermore, the marking and feedback policy of School X stated that pupils class books should be marked at least every two weeks. Consequently, pupils are receiving continuous feedback on their classwork. It was earlier stated that focused feedback given to pupils surrounding their classwork is seen to yield substantial learning gains, as suggested by Black and Wiliam (1998) (Black and Wiliam, 1998; p7). In accordance with School X’s marking and feedback policy, each pupil receives individual feedback on their work done within class and any homework completed. However, such a rigorous marking policy must receive thoughtful planning and implementation due to its powerful impact (Crooks, 1988; p438). However, it is clear that many of School X’s policies and guidelines correlate with much of the literature surrounding the topic. 

Methodology and Ethics:
The research undertaken within this assignment consists of data collected through the use of a pre and post diagnostic tests. The students in the class were given a pre-diagnostic test to assess their understanding of the topic that was going to be taught to them; percentages. Following the pre-diagnostic test, lessons, informed by the results of the test were taught to the students in the class, following which a post-diagnostic test was given. The results were analysed to evaluate the effectiveness of the lessons taught and any misconceptions that arose during teaching of the topic. 
The British Educational Research Association states that research should be undertaken by teachers working within schools with the aim of “extending knowledge and understanding within all areas of educational activity and from all perspectives, including learners, educators, policymakers and the public” (BERA, 2011; p4). However, due to the multi-disciplinary nature of research in education, a number of problems are posed regarding the key concepts of reliability, objectivity, validity and subjectivity (BERA, 2011; p4).  
The research posed as a platform for reflective practice within the classroom. Essential to effective practice within the workplace and classroom, reflection allows the researcher to process their thinking through problems which do not present themselves with a natural solution (Welsh Government, 2015; p3). During the research and data collection stages of the assignment the process of reflective practice was used to inform and also enhance the teaching of future lessons on the topic. It is suggested that reflective practice be used to improve professional practice and promote positive responses to change (Welsh Government, 2015; p4). It is possible that through the evaluation of educational practices within the classroom, with a view to learning from experience, reflective practitioners within education will be better equipped to decipher their strength and areas for development and improvement (Welsh Government, 2015; p4). 
Menter et al (2011) states that “research is a systematic enquiry” through which the outcomes of the investigation are made available to others (Menter et al., 2011; p3). When the rationale and approach behind an investigation can be defended and explained, the investigation become more than purely reflective practice or a personal enquiry, due to the fact that they can be shared (Menter et al., 2011). However, to ensure reliability and validity of the investigation findings it is vital that research in education is supported by an empirical background of data. This is supported by Harcombe (2010), who suggests that much of current educational research is masked with scientific and pseudo-scientific language, but fails to include strong empirical data that supports the research in hand (Harcombe, 2010). 
To ensure that teachers are highly effective practitioners it is important that teachers are able to demonstrate their understanding of current academic literature and theories surrounding the topics of pedagogy, learning and assessment and child development (Welsh Government, 2017; p49). Teachers must ensure that they are evidently refining their practice within the classroom in line with current academic literature. Small scale action in the form of investigative research provides the ideal platform for teachers to actively research within the classroom and use their finding to promote the development of the practice (Welsh Government, 2017; p50). Much of the improvement and reforms in current education are backed up by sound research and data that supports changes within the curriculum. The new curriculum for Wales, Successful Futures, is a curriculum reform that is supported by evidence, based on sound research which draws from the best existing practices found within Wales and worldwide. Education systems must be continuously improving to ensure that the next generation receive the best education that can be offered to them. 
Furthermore, Furlong (2015) suggests that knowledge in society is ever changing, and it is the role of teacher to ensure that our educational system adapts to such societal changes (Furlong, 2015). However, a critical part is played by research to ensure that the educational system is able to self-improve effectively and efficiently. Through the use of reflective practice and a commitment to continued professional learning it is possible to ensure that revise or new teaching and learning approaches and techniques can be effectively implemented (Welsh Government, 2017; p51). As a result, such critical research and ongoing critical reflection ensures the continuous development of further professional growth (Welsh Government, 2017; p51). A pivotal role is played by research and data in enhancing outcomes for learners and informing the professional learning of practitioners. 
Moreover, while the role of research in professional development and further enhancing the wider education system is evident, it is vital that the research carried out is planned thoroughly. Researchers must undergo a cycle whereby they are reflecting on and evaluating the lessons taught and any additional data that is collected. As a result, such a reflection and collection of data can be used to inform the planning of future lessons. With regards to this research investigation, the results from the pre-diagnostic test should be used to identify any misconceptions and inform the future planning of the lessons taught on the specific topic. The pre and post-diagnostic tests contained the same questions. The questions covered the topics that were to be taught in subsequent lessons. Through the use of such an assessment type, the teacher is able to analyse areas of strengths and weakness within the class. Additionally, any misconceptions held by students can be identified and targeted promptly. This type of research not only can not only be used to investigate the area of research being conducted by the teacher but also greater benefits the students due to the fact that the teacher can use the research to enhance their learning experience.  

Evaluation:
The research for this study was conducted with a Year 10, lower ability class. The class was made up of seventeen students. The class completed a pre-diagnostic test, upon which the results were analysed, and eight lessons were planned and taught on the topic. After the lessons on the topic were taught, the students completed a post-diagnostic test. The results and data collected from the pre and post-diagnostic test have been analysed and will be evaluated throughout this assignment. The test given to the pupils was made up of seven questions. The questions covered the topics of percentage increase and decrease, calculating the percentage of an amount, reverse percentages and expressing one quantity as a percentage of another. Throughout this evaluation, the questions from the pre and post-diagnostic test will be discussed and analysed in detail. 
Question one of the test was a multiple choice question covering the topic of percentage increase. The question asked:
1) What is 50 increased by 20%?
a. 20
b. 60
c. 70
(Appendix 1) 
The students had to answer the question by choosing one of the answers. This question was placed first on the test due to the fact that it was a sub-topic that was covered first within the scheme of work. The questions on the test progressed in their difficulty. A main misconception that was expected to arise in the answers for this question was that pupils would choose answer c. Such a misconception is formed when pupils generalise that to increase by twenty percent is to increase the amount by twenty. This type of misconception must be targeted early within the teaching of the topic. The results of the pre-diagnostic test show that only 47.1% of pupils answered this question correctly. However, it can be seen that 64.7% of pupils answered the same question correctly in the post-diagnostic test following the intervention lessons. 
The first question of the diagnostic test was set to line up with the first lesson in the scheme of learning. When teaching the topic, the sequence of lessons was carefully planned, and subsequently, the sequence of questions in the diagnostic test was planned to mirror this. Arguably, the sequence of lessons should be planned to progress in difficulty, and hence build upon prior knowledge gained in previous lessons. The ability to calculate percentage increase was the first topic taught in the sequence of lessons due to the fact that such knowledge would be needed in future lessons where students would be taught more complex topics, such as reverse percentages. 
Doabler et al (2015) suggest that misconceptions that may arise during teaching should be considered during the planning stages. Given the results of the pre-diagnostic test it was clear that several misconceptions were present in pupils understanding of percentages. For instance, the second question on the diagnostic test referred to equivalences between percentages and decimals. Such prior knowledge is essential for pupils to gain a relational understanding of the work taught within the topic of percentages. The second question was presented as follows:
From the shaded portion given in the figure below, we can say that 0.9 is equivalent to:
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a. 0.9%
b. 9%
c. 90%
(Appendix 2) 
This question raised a variety of misconceptions that had been formed by pupils within the class. This question was only answered correctly by 17.6% of pupils within the class. The post-diagnostic test results show that the lessons taught to the pupils were effective in targeting some of the misconceptions present, due to the fact that the number of pupils who answered the second question correctly on the post-diagnostic test increased to 41.2%. However, while it is clear that the strategies used to target the misconception were effective with some pupils in the class, there are many still, 58.8%, that hold the misconception within their knowledge. 
Throughout the planning of the lessons, much thought was given to the use of assessment for learning strategies, and which would be most effective during the lessons. Black and Wiliam (1998) stated that effective assessment for learning within the classroom could be seen to benefit learners greatly and improve the learning gains and outcomes of pupils (Black and Wiliam, 1998; p7). Throughout the lesson taught, the pupils work books were marked thoroughly once a week. Such frequent marking of work books provided the opportunity for students to receive personalised and individual feedback on a regular basis. Additionally, students also received feedback within lessons for their classwork and any homework’s.  This strategy of assessment for learning within the classroom proved invaluable to the students as their understanding of the topic increased substantially in the majority of cases. 
The third question on the test required pupils to calculate a percentage of an amount. The question was as follows:
What is 20% of 520?

(Appendix 3) 
The percentage of pupils that answered this question correctly on the post-diagnostic test increased by 23.5% from those that answered the question correctly on the pre-diagnostic test. During the teaching of this lesson a particular teaching strategy was used where pupils were given a question with an answer. The answer to the question included a mistake, similar to that of the mistakes commonly made by pupils in the class. The pupils were asked to spot the mistake and correct the answer. This provided the opportunity for misconceptions to be targeted in the classroom using cognitive conflict. Cognitive conflict is a strategy praised by many, such as Tanner and Jones (2000) and Bell (1993). Cognitive conflict allows the misconception to be challenged within the classroom. Through challenging misconceptions, the pupils should gain a more relational understanding of the mathematical methods and concepts being taught, which is the goal when teaching mathematics within schools, as suggested by Gattegno (1963) (Gattegno, 1963; p55). 
No pupil involved in the research answered questions four, five, six or seven correctly on the pre-diagnostic test. However, the post-diagnostic test results show a significant increase in the percentage of pupils that answered these questions correctly. Question four of the test covered the topic of reverse percentages, where the students were asked the following question:
A shop sells an item for £75, which is a 30% increase on the price it was originally bought for. Calculate the original price of the item. 
(Appendix 4)
Reverse percentages was a topic that had not been previously covered by the class involved in the research. While no student answered the question correctly on the pre-diagnostic test, 41.2% of the research participants answered the question correctly on the post-diagnostic test. The topic of reverse percentages is a grade B topic. Due to the fact that the class involved in the research was a lower ability class, with most students predicted grades D to C, it can be assumed that the topic was grasped fairly well by the class. However, from the answers collected from the research data it is clear many of the students may have benefitted from an additional lesson on the topic. Such an additional lesson would have enabled the teacher to fully assess the pupils understanding of the methods and mathematical concepts used. With the use of extra time a variety of assessment for learning techniques, such as discussion-based strategies, could have been used effectively within the classroom to ensure a relational understanding was present with all pupils. Tanner and Jones (2000) and Black and Wiliam (1998) both praise the use of such assessment for learning strategies within the classroom, ensuring that students gain a relational understand of the concepts. 
In line with the scheme of learning, expressing one quantity as a percentage of another was the next topic to be taught within the sequence of lessons. 
What percentage of £2 is 42p?
(Appendix 5)
A key misconception that was highlighted regarding this question when teaching the topic was that the pupils were unaware that they must convert both quantities to the same units. For example, with regards to a question involving the units; pounds and pence, many pupils failed to convert both quantities to the same unit before calculating the answer. When this misconception arose during the lesson, an open classroom discussion was had as a strategy of assessment for learning. The pupils were guided to discuss why the quantities must be in the same units, therefore engaging the pupils and ensuring that a more relational understanding was held. Tanner and Jones (2000) suggests that open classroom discussion, that was guided by the classroom teacher, posed as one of the most effective teaching strategies when targeting misconceptions (Tanner and Jones, 2000; p103). Through the use of a classroom discussion pupils are able to discuss their strategies and methods used and explain why they would use a specific method to answer a specific question. This technique provides the opportunity for pupils to critically assess each others methods, discuss which method is most effective, and potentially adopt new methods and concepts (Tanner and Jones, 2000; p103). The data collected for the pre-diagnostic test shows that 0% of the pupils answered this question correctly. However, the number of pupils that answered the question correctly on the post-diagnostic test increased to 64.7%. 
The last two questions on the diagnostic test required the pupils to calculate percentage increase and decrease. The questions below were included on the diagnostic test. 
Increase 78 by 10%

(Appendix 6)
Decrease 60 by 20%

(Appendix 7)
When teaching this topic to the pupils, much thought was placed on ensuring that the lessons planned with engaging and interactive for the pupils. An emphasis was placed on using various engagement strategies within the classroom. The tasks used to aid teaching the topic were interactive, such as bingo and tarsia activities, which required pupils to communicate with one another effective and even discuss their methods used. During each task pupils were required to explain how they reached their answer and the method used with the class, a teaching strategy praised by Tanner and Jones (2000). Such a discussion promotes collaborative learning within the classroom, enabling pupils to discuss their ideas and decide upon the most effective methods. 
While these questions are two of the simpler questions included in the diagnostic tests, they were answered the worst according to the research data collected. It was recorded that 29.4% of pupils answered the questions correctly on the post-diagnostic test, while no pupil answered either of the questions correctly on the pre-diagnostic test. It is clear that some misconceptions regarding calculating percentage increase and decrease are still present in many of the pupils understanding. From the data collected it became clear that from those pupils who answered questions six and seven wrong, 30.7% also answered question one incorrectly. The three questions all covered percentage increase and decrease. Therefore, it is evident that there is a gap in understanding of a number of pupils in the class. 
Overall, it can be seen from the results of the research data that much improvement was made by all pupils in the class between the pre-diagnostic test and the post-diagnostic test. Therefore, it can be assumed that the classroom intervention posed a positive influence on the class in question. Every pupil included in the research made a significant increase in the percentage of questions they answered correctly between the pre-diagnostic and post-diagnostic test apart from two pupils, whose percentage of questions answered correctly remained the same. 

Conclusion:
In conclusion, the intervention used to challenge the misconceptions raised from the pre-diagnostic test seemed to pose a fairly positive influence on many of the pupils in the class. The class involved in the research was made up of seventeen pupils. Of these pupils, fifteen made a significant increase in the percentage of questions they answered correctly between the pre-diagnostic test and the post-diagnostic test, with the other two pupils remaining on the same percentage test score. 
The graph below indicated each pupil’s individual percentage score from the pre-diagnostic test, test 1, and the post-diagnostic test, test 2, hence outlining a percentage from both tests out of two hundred percent. It can be seen that every pupil achieved a test score, apart from pupil 8, who scored zero on both tests. Therefore, it can be assumed that the intervention provided to the pupils through the teaching between the pre and post-diagnostic test proved successful in positively influencing the results and eliminating many misconceptions. 
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(Source: Graph created by author) 
However, despite the overall positive influence of the intervention lessons, when the questions are analysed individually it is clear that the intervention proved more successful in some areas than others. 
[image: ](Source: created by author)
The graph above shows the percentage of pupils that answered each question correctly on the pre-diagnostic test, test 1, and the post-diagnostic test, test 2. It can be seen that there is a clear increase in the percentage of pupils that answered correctly for ever question on the diagnostic test. The largest increase can be seen for those that answered question five correctly on the post-diagnostic test. However, smaller increases are present for questions two and three. Questions two and three covered the topics of equivalences between percentages and decimals and calculating a percentage of an amount. It is clear that the misconceptions raised within these questions were not effectively targeted during the intervention lessons. With hindsight, the teacher could have taken more consideration during the planning stages of the research to ensure that questions were used that would have challenged pupils cognitively. The use of cognitive conflict is a teaching strategy used to target misconceptions within the classroom that is praised by many, such as Bell (1993) and Tanner and Jones (2000). 
From the various teaching and assessment for learning strategies and techniques used within the intervention lessons, the use of feedback, effective planning and engaging tasks proved the most effective. The positive influence as a result of effective feedback is suggested by Black and Wiliam (1998), who suggest that substantial learning gains can be seen through the use of focused and individualised feedback within the classroom (Black and Wiliam, 1998; p7). Pupils in the class were provided with regular, individualised feedback at least once a week through the marking of their books and homework’s. Additionally, focused feedback was provided during lessons as the teacher circulated the room. As a result, each pupil received immediate feedback during lessons as well as that given to the pupils in their class-books. 
The vast majority of the misconceptions that arose during the duration of this research project mainly stemmed from an overgeneralisation of pupil’s knowledge of mathematical concepts. Due to the fact that the class used in the research was a low ability class, many of the pupils struggled to gain a relational understanding of what they were taught, and instead only held an instrumental understanding. As a result, the pupils struggled to apply their knowledge of a concept to different areas of mathematics. A number of pupils failed to relationally understand equivalences between decimals and percentages. Additionally, during the intervention stages of teaching, it became apparent that much of the class believed that you could not calculate a percentage larger than one hundred. 
Many of the misconceptions found in pupil’s knowledge during this research assignment stemmed from a lack of relational understanding of specific mathematical concepts. However, many of the teaching strategies and techniques mentioned within this assignment proved successful and effective in targeting such misconceptions within mathematics. One strategy that proved the most effective was the use of assessment for learning within the classroom. Assessment for learning is one of the most effective tools that can be used within the classroom and has a significant positive effect on learner’s outcomes, as suggest by Black and Wiliam (1998) (Black and Wiliam, 1998; p7). A number of assessment for learning strategies that prove effective within the classroom are also suggested by Tanner and Jones (2000), who state that methods, such as classroom discussions, cognitive conflict and asking pupils to explain their methods to one another, prove extremely effective (Tanner and Jones, 2000; p103). Such strategies not only promote communication within the classroom between pupils, but also enables the teacher to assess each pupil’s learning and identify common misconceptions that arise. 
Furthermore, to ensure that misconceptions are successfully and effectively targeted within the classroom, it is vital that planning stages of the intervention are planned carefully. Much thought must be put into the planning of the intervention and the sequence of lessons to ensure that all pupil’s misconceptions are targeted. Every pupil within the class must benefit and gain from the lessons taught. During the planning stages, the class teacher must identify the misconceptions that are likely to arise during teaching, as suggested by Doabler et al (2015). Doabler suggest that common misconceptions should be taken into consideration during the curriculum design so that class teachers are aware of such misconceptions when planning (Doabler et al., 2015; p97). It is the aim that lessons are planned which provide pupils with increased awareness of their relational thought and a developed attitude towards human richness and the power of knowledge (Gattegno, 1963; p97). Moreover, Natriello comments on the important of plenary’s within lessons, to ensure that the teacher is able to evaluate learning within the lesson (Natriello, 1987). As a result, an effective plenary can allow the teacher to assess pupil’s learning gains within the lesson, and hence assess the effectiveness of their own planning and teaching. 
Whilst some of the misconceptions still remained present at the end of the intervention, it is clear that many of the common misconception were effectively targeted. The results of the post-diagnostic test show a significant increase in the percentage of question answered correctly when compared to the pre-diagnostic test. Therefore, it can be assumed that the intervention lessons taught to the pupils provided a positive influence to the learning and outcomes. 

Limitations and Future Development:
When gathering the research data, a Year 10, Key Stage 4 class was used. Upon the completion of the pre-diagnostic test, School X’s mathematics department made a number of class set changes which affected the class involved in the research. As a result, a number of the pupils that took part in the pre-diagnostic test were no longer pupils in the class. Hence, a number of the participants of the research were lost. Therefore, the size of the data group used in this research project is far smaller than anticipated. Due to the small data size, it is reasonable to question the reliability of the research. While the research provides statistics and sound data which was used to evaluate the research question, the conclusions of this research assignment must be questioned due to the depleted number of participants. Future enhancements and developments of this research project must make sure that a greater number of participants are involved and hence a greater data size used. This will ensure that the reliability of the research data will not be brought into question when analysing the conclusions of the project.  
Additionally, due to disruptions within school, such as pupils attending out of school work experiences, and pupil illness resulting in time being taken off school, not all pupils were able to attend all of the intervention lessons. As a result, a number of pupils did not attend some of the lessons that covered topics that were questions on the diagnostic tests. With pupils not attending all of the lessons that covered topics on the diagnostic tests, a number of the results from the data set could be questioned for their reliability and validity. 
Moreover, the sequence of lessons taught during the intervention was disrupted by a number of lessons that had to be taught based on skills, exam technique and answering extended exam questions. As part of School X’s Mathematics department policy, every class was expected to be taught a basic skills lesson, a spaced learning lesson and an extended exam question lesson every fortnight. During the spaced learning lesson, the class were taught a lesson on the previous topic that had been taught to the. The extended exam lesson required pupils to be taught a lesson where the looked at exam questions that assessed the quality of the written communication. These additional lessons imposed on the timetable of the sequence of lessons for this research assignment, and hence provided some disruption to the continuum of the lessons planned. 
To further develop the findings of this research, future developments could investigate the effectiveness of specific strategies in targeting misconceptions. To further enhance the research assignment, it may be worthwhile to explore whether or not a specific teaching strategy or technique, such as assessment for learning, focused feedback, cognitive conflict or discussions within the classroom, proved more effective than another in targeting common misconceptions within the classroom. Specific strategies could be used in different classes to compare the successfulness and effectiveness of the technique used. However, it is entirely possible that the most effective way of targeting misconceptions within the classroom is to use a combination of all of the strategies mentioned within this research assignment. 
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Appendices:
Appendix 1:
What is 50 increased by 20%?
1. 20
1. 60
1. 70

Appendix 2:
From the shaded portion given in the figure below, we can say that 0.9 is equivalent to:
[image: ]




1. 0.9%
1. 9%
1. 90%

Appendix 3:
What is 20% of 520?

Appendix 4:
A shop sells an item for £75, which is a 30% increase on the price it was originally bought for. Calculate the original price of the item.  

Appendix 5:
What percentage of £2 is 42p?

Appendix 6:
Increase 78 by 10%
[bookmark: _GoBack] 
Appendix 7:
Decrease 60 by 20%
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Decimal numbers are essential for multi-step calculations involving percentages.
Students are often taught how to quickly convert between percentages and
decimals- this rote method of understanding the transformation often leads to
learning gaps, as illustrated by the below question-

Q. From the shaded portion of the figure given below, we can say that 0.9 is
the same as

A: 0.9% B: 9% C:90%
Again, can you estimate the number of students who got this right? About 1700 out of 13500
students chose B: 9%! This probably happens if a child forgets how many places the decimal
point was to be *shifted”. Clearly, students need to learn that converting 0.9 to a percentage
number would involve multiplying by 100. This can be verified by dividing by 100 to obtain
the percentage equivalent

Is your child ready for the next Super Test?
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