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Introduction:
In this document, a discussion will take place regarding the action research that has taken place regarding misconceptions in mathematics. School A is an urban school close to the centre of Swansea. There are 1200 students at the school ranging from some of the most affluent areas of the city with others from some of the most impoverished of Wales. 
The class that was selected for the research task, hereafter known as class A, was a year seven second set class. The class are relatively strong with a few clear exceptions; these students have been identified through the class as potential underachievers. The class has a clear range of ability even though the students have been set based on primary school levels. The class was selected due to this range of ability and due to the ranged experience of various primary schools that feed into the school. The topic chosen for the research was ratio and proportion, the topic was selected as it is one that presents a variety of misconceptions that could be explored. It was expected that some students would thus have seen ratio at a higher level than some others. All students are expected to have covered ratio in the most basic of settings with those higher achieving to be able to recognise and apply ratio. (National Curriculum Wales, 2015).
In this essay, we spend time first discussing action research followed by a focus on what misconceptions are before narrowing into the field of research namely that of misconceptions found within ratios. Discussion of the policies or lack thereof of school A when it comes to tackling misconceptions will follow. The focus will then switch to the research completing discussing the methodology and naturally the results of the work. 

Literature Review:
Action research however, as described by Kemmis and McTaggert (Kemmis and McTaggert 1992) is equally concerned with the individual as the group. It is about helping the individual as well as developing and changing the culture of the group in which they belong. Within education, this is obviously the student (individual) and the school (collective). This form of research is not restrained to education however as action research being a tool that can be utilised by any field.  
Action research can be seen as the art of identifying a problem and a combination of action and research to try finding a solution to the problem (Mcateer ) or indeed that of systematically studying through action and reflection in order to improve current practice (Ebbutt 1985).  Carr and Kemmis view the process as a form of “self-reflective enquiry” which is perhaps a more philosophical understanding of the term (Carr and Kemmis 1986).  Action research in the context of this project involved the identification of misconceptions in an area of choice (ratio), the research element discussed by Hopkins. Providing an intervention, the action discussed by Ebutt and then an analysis of the results the reflection advocated by Carr and Kemmis. 
Misconceptions are plentiful in mathematics with these underlying problems having major knock on effects not just within that topic but subject wide loss of confidence in a subject. A misconception is a wrong conclusion on a subject based upon false information or incorrect thinking.  Learning is the act of taking ideas and storing them in the long-term memory (Barton 2018).
Whilst learning is an ongoing process and there is direct influence from the teacher, constructivists such as Skemp (Skemp 1976) and Piaget (1972) believe that knowledge is a blend of experience and present knowledge structures.  This theory proposes that a student has a base line of knowledge that regardless of its correct or incorrect nature will be utilised in learning. These base levels of knowledge are built into schemas through assimilation, which is addition to knowledge. The other method of learning is accommodation in which schema are created correcting knowledge. (Piaget 1972)
A change to the base level of knowledge that students believe to be correct is harder as schema are stable and resilient to change. Skemp posed the concept that a student creates this base understanding when examples are encountered. (Skemp 1976). As such, these examples are paramount when it comes to learning. Poor examples will lead to a reluctance to accommodate or assimilate new information. Mathematics being a topic that relies on this cyclical build-up of new information that relies on the old. 
This reluctance or even inability to assimilate or accommodate leads to gaps in students’ knowledge or indeed misunderstanding of a topic that is then built into a new schema. It is this gap in knowledge that we define a misconception of a topic. (Roselizawati, Sarwadi , Masitah Shahril, 2014)
Learning itself requires a change to long-term thinking (Barton 2018) when students have misconceptions of a topic. As species, humans can hold a maximum of four items in their short-term memory. For pupils who have these misconceptions they will be contending with an old schema, the new schema trying to be added to the mind, the current example or problems being discussed plus anything else they have going on in their lives. Should this exceed one or two items then learning becomes difficult and students enter cognitive overload. (Barton 2018). This overload makes learning impossible and pushes students into a panic zone as termed by Vygotsky. (Vygotsky). This zone as is termed induces panic and zero learning and retention can happen. 
Misconceptions can take many forms across many subjects and are sometimes not even apparent through questioning. Examples of this are seen in the study by Melbourne University in which some students experienced the misconception that shorter was larger.  (Vicki Steinle and Kaye Stacey, 1999) That is they believed that say 0.1 would be larger than 0.62 based on the length of the number.  Such a misconception however would not come out if students were asked to order numbers all the same length. As such, identifying misconceptions and correcting them becomes difficult. 
It is worth noting that whilst misconceptions are important and need to be corrected not all mistakes are the result of a misconception. As is pointed out by Ryan and Williams, mistakes are equally be made through misreading, misremembering, suffer from cognitive overload or indeed jump to conclusions (Ryan and Williams, 2007). As such being able to identify the origin of a mistake is of paramount importance for teachers across all manner of education not just mathematics. 
Identifying misconceptions is as such a difficult topic, addressing them is even harder.  Gates introduces the idea of cognitive conflict by suggesting it is better to provide an example that challenges the concepts a student has in such a way that they realise that they must be incorrect. (Gates, 2001).  Cognitive conflict is also advocated by Tanner and Jones as 
On the other hand, Ryan and Williams are advocators of verbal reasoning, claiming that being able to explain the why of an answer will generate the cognitive conflict or a fallacy of logic. (Ryan and Williams 2007).
Within the education system as it stands in the United Kingdom and more specifically Wales there is such a demand on teachers to deliver the current curriculum that setting time for reasoning assessments with all students is impossible aside from the obvious question and answer sessions that currently take place. However, Professor Donaldson’s Successful Futures, that is rebranding and indeed revamping the curriculum in Wales will perhaps allow for this to be more a part of lessons as schools strive to develop students that are “Ambitious, capable learners who are ready to learn throughout their lives. Enterprising, creative contributors who are ready to play a full part in life and work. Ethical, informed citizens who are ready to be citizens of Wales and the world. Healthy, confident individuals who are ready to lead fulfilling lives as valued members of society.” (Donaldson 2015). 
Skemp, in the 1970’s, introduced the concept of surface level and deeper level understanding. Surface level mistakes recognisable and even predictable and accounted for in teaching. Such surface level mistakes and lack of understanding are relatively easy to correct with an example or an alternative often including strong reasoning for the mistakes. Deeper level misunderstanding however comes from misconceptions and requires a higher order of diagnosis and indeed correction. (Skemp 1971) 
Misunderstanding and therefore naturally misconceptions can come from many avenues but one such problem is that of mathematical modelling, and through this the development of the mathematical voice and the distance between this and the voice of day-to-day life (Bakhtin 1971). The mathematical voice is that seen within the classroom, the example given by Ryan and Williams is that of dividing by a half claiming that it is only in the mathematics classroom that the concept is seen. (Ryan and Williams 2007). This termed “mathematical voice” is developed from an early age with Hughes suggesting that even in learning addition in primary schools the link between the concrete “one brick plus two bricks equal three bricks” to the abstract of “1 + 2 =3” is a step that students can struggle with (Hughes 1986). 
The idea of mathematics being separate from reality is a concept that is evident in society and it is the job of the maths teacher to link the two. This need comes from the inherent mathematisation of society requiring those who can understand and use mathematics. (National Research Council 1968) The report goes on to discuss the psychological block of society towards mathematics a block that it claims manifests in the school environment. This manifestation it claims comes from disconnect and misunderstanding that in turn has its roots in misconceptions and this lack of development of the mathematical voice. 
Behr, Lesh, Post and Silver (1983) and Burrill (2014) proposed a model, which linked fractions, problem solving techniques and ratios. This model they suggest is a way of presenting the idea of ratio (and indeed fractions) to students so they may link in other knowledge to enable them to solve ratio problems. 
Within ratio and proportion, itself, there are many misconceptions found in students work, schools and indeed academia. The first of these is found not within students but within teachers themselves. Oldham (1999) discovered that within primary schools there were many teachers who simply did not fully grasp the concept of ratio with some stating that the ratio 2:3 could be represented as the fractions two thirds and one third as opposed to the correct two fifths and three fifths. 
[bookmark: _Hlk8491902]This misconception occurs within students as well in trying to equate ratio with fractions in correctly using the second number in the ratio as the denominator for the fraction. This study also throws up another issue addressed within England with the introduction of a Mathematics Specialist Teachers programme. This programme is discussed by Walker, Straw, Jeffes, Sainsbury, Clarke & Thom (2013). They claim that the programme was a success with teachers developing mathematical specialist knowledge and indeed pedagogical techniques.  
A second form of misconception within ratio and proportion is that of failing to recognise a problem as a ratio and proportion problem as discussed by (Owens, 1993, Ryan & Williams 2000) or using proportional methods when not appropriate (Hartono & de la Torre 2013).  Interestingly it was noticed by Hartano and de la Torre that even the most capable problem solvers and high achievers may not recognise which techniques to apply. This misconception, they argue, is a problem across all mathematics with lessons focussing on one subject, a pupil loses the ability to recognise problems in their individual sense. 
A third misconception is that of the “Common Additive Misconception” as defined by Ryan and William (Ryan & William (2000)). This misconception is one across two fields becoming an issue with fractions as well. Students manage to relate the problem to one of fractions say that of a/b = x /d. Instead of solving successfully, pupil uses  to “solve” the problem.
[bookmark: _Hlk8492421][bookmark: _Hlk8661594]A fourth misconception in the field as discussed by Hart (1980) and Misallidou & Williams (2003) is that of the situation in which pupils developed this misconception early in their education when simpler numbers permitted adding or doubling to solve proportional problems. A very common special case of this is the “magical doubling method” (Misallidou & Williams (2003)). In this situation pupils would relate numbers through addition or doubling rather than solving a proportion problem.  This issue in mathematics has also been discussed by Piaget, Grize, Szeminska and Bang (1968) and Karplus, Formisano and Paulson (1975). 
This issue is twofold in nature, firstly as discussed above students will add or double rather than solve the problem. The second part of this problem as discussed by Bell, Costello and Kuchemann (1983) who suggest that the numbers involved themselves are a part of the problem. Finding common factors, they suggest was done very well when requiring doubling or halving however very few could solve these problems when a factor other than 2 is noted. This was seen across proportion and indeed simplifying ratios. 
Context is also discussed by Bell, Costello and Kuchemann suggesting that students will choose to focus on an easier relationship over a correct one. For example, in the specific example of the situation above 3/4 = 9/x pupils will focus on the simpler 3:9 as opposed to the 3:4 which could be required. Context itself is affected by the wording of the question as well with students observing multiplication or repeated addition rather than the required addition of differences. 
 Context can indeed lead to other issues, whilst not necessarily misconceptions, in terms of social impact making decisions in best buy questions as opposed to the economic consideration that should be considered. A prime example of this is shops offering two deals on similar items and people being influenced by their perception of what the best deal is regardless of price.
There are misconceptions linked with best buy questions (which problems are obviously rooted in ratio and proportion). These are that of the largest quantity will be the best buy regardless of the situation. These problems are more easily solved when a unitary price is given for an option. However, when the concept of dividing to find the price of one unit is added students begin to struggle (Foxman, D. (1991)) It has been seen in studies (Foxman, D. (1991)) that whilst pupils could complete best buy questions, they could not explain themselves. 
Long (2007) found in her South African study that problems involving percentages and/or rates were found most difficult by pupils. Many pupils have a poor understanding of the language of rates, i.e. “per second”, “per unit mass” and so on. Long identified misconceptions as arising due to learner reliance upon: “informal estimation skills, and intuitive responses”. This misconception has its roots in ratio and proportion, usually that of inversely proportional. 
A misconception when relating scale of diagrams or maps is that of using differing units. Whilst students could complete the questions regarding ratio students struggled with the conversion between units, either simply ignoring units or being unable to convert them. 
As part of the intervention stage a key focus was that of the modelling of ratio and proportion. Modelling has proven to be particularly effective in developing pupils not only in mathematics but across a wide range of subjects. Baker (2002) states that instructional scaffolding is a necessity in order to develop student achievement. In the same vein Allison & Tharby (2015) stress the importance, of modelling as it enables teachers to guide pupils through difficult tasks step by step, equipping them with the skills to be able to attempt other challenging activities in the future. 
School Policy and Practice: 
Within the departmental plan there is little to no guidance in terms of misconceptions within mathematics. The scheme of work allowed for open interpretation in terms of how to teach. Few resources were suggested, MyMaths being the primary software utilised by the school. 
The idea of cognitive overload, as defined above by Skemp and Barton (Skemp 1976, Barton 2018) however was something that the school were aware of and especially within the mathematics department. The department utilised short sharp tasks that prevented overload. These were also used for behaviour management and indeed to support those on the autism spectrum
The schemes of work for the school were fairly watertight and as such did not allow for the idea of pre and post testing for every subject and it would be down to individual teachers to implement this within lessons.  This seems it would be the same across all schools with the curriculum being so content heavy. 
With the development of the new curriculum as defined by Donaldson (Successful Futures, 2015) time for research has been identified and is a necessity in developing pupil progress. 
There is no evidence of formal action research being conducted within the school aside from individual testing of teaching ideas in the classroom.  The process of reflection on lessons, defined as a form of action research by (), is very evident with teachers constantly assessing themselves and their lesson progress.  
 In interview with Staff member A (Senior mentor and assistant deputy head, School B) he claims that action research enables teachers to be more reflective of what they are doing within the classroom and take ownership of what works and what doesn’t.  Initially the school introduced action research as a part of professional development. The school observed that when done well this was an extremely productive way of developing even the most experienced of teacher. As a result of this a research team was developed at the school that explores academic research and provides a bridge into the school.
Whilst School A in which the research has been conducted have no space within the school developmental plan it is a necessity in other schools within the area. In observing the school developmental plan at school B teacher research is a part of professional development within the school. (Interview with Staff member A, School B developmental plan 2018). Indeed, research is a fully funded team within the school and the effects that have been seen across the school are great in pupil progress and development. 
This contrast in outlooks across the two schools is a minor one across the two with both schools achieving excellent Estyn reports. Obviously research is a small cog in the large machine that is a school however, the research in school B has lead to greater personal development of students which is perhaps more in line with the four aims of Donaldson’s Successful Futures namely that of developing:, ambitious capable learners; enterprising, creative contributors; ethically, informed citizens: who are healthy confident individuals. These purposes are at the heart of education in teaching in Wales as such this research deserves its place. 






Methodology:
Action research is the research methodology that has been taken forward. This has been chosen due to the timeframe that this project represents. Action research also provides the opportunity to see the effects first-hand and immediately. 
Review of the literature surrounding methodology suggested that using a one group pre- and post-test designed experiment or research would be the best way to assess the impact of the intervention lessons to address misconceptions within ratio and proportion. Kumar (2011) tells us that within a pre and post-test design experiment, students or indeed participants will first complete a pre-test on a given topic. This test covers the whole of the topic in question, namely that of ratio and proportion of course we will only test questions that need be covered within the scheme of work.  After this test an intervention the aim of which is to affect the particular area of learning takes place. The intervention within this piece of research is a series of lessons designed to stop misconceptions within students. A post-test is then conducted after this intervention and results are collected and analysed before comparing to the results of the pre-test. 
Kumar (2011) asserts that one of the many benefits of this design of experiment is the researcher has a way of directly measuring the level of which the intervention has impacted on the learning. Brown & Dowling (1998) are on the same page as Kumar, stating that within the classroom, it is great at establishing whether the use of an individual teaching strategy caused effectual changes in the long-term memory and scheme of the children in the study. 
On the other hand, pre and post testing has multiple critics. Campbell & Stanley (1963) highlight multiple variable which can, and indeed do affect the overall impact of outcomes of pre and post testing. Their biggest criticism of the research is the attrition of the study population and the maturity of the students involved within the study. These areas of criticism are echoed by Knapp (2016), suggesting that they are issues that are ongoing and need be addressed in development of the field.
Knapp (2016) and Campbell and Stanley (1963) both indicate that this type of study is used regularly, and the results are considered of great value by many researchers. The continued use of the method is addressed by Cranmer (2018) where he suggests that the simplicity to implement and the ease of designing and using a pre and post test make it appealing for researchers. He argues that this is especially the case when it comes to those in the infancy of their careers in the process of developing research skills and knowledge of research in general. Pre and posting being one of the simpler methods of research and indeed methods of analysis. One of the main reasons this route has been chosen for the research is because of this ease of implementation, the accessibility for the new researcher and the immediacy of results. 
It can be argued that one of the largest issues with potential to affect the intervention stage is that of maturation in a pre- post-test research design (Campbell & Stanley, 1963, p.5).  Marsden & Torgerson (2012) claim that people inherently develop skills over time and that maturation occurs because of this. This process means students are more able to complete tasks they were previously unable to do.  In long term studies this process can have large consequences as those included can improve in post test results or outcome due to other factors other than the intervention itself. These other factors enabling development in the specific skills required to complete the study. 
Kumar (2011) claims that this a design limitation and states that it can have a very large effect when working with children of any description. This is because students or children can develop skills a lot of specific skill at a much higher rate than adults can. Brown & Dowling (1998) also state that in a school environment carrying out a study of this variety over a sequence of lessons make it very difficult to determine the cause of changes. Possibilities for this change being the intervention itself or external activities occurring outside of the research sessions. 

Being aware of these limitations, one must acknowledge the contribution of Cranmer’s (2018) that tests of this nature should not take long to complete and in trying to complete the study efficiently as possible whilst remaining true to the work at hand.	 
Another limitation of a pre- and post-test design, with wholescale application to research in general, is that of the ethical guidelines that need to be considered during its implementation. The British Educational Research Association establishes that all researchers have a duty to ensure that any risk or harm to participants in a study is minimised (BERA, 2018).  Palaiologou’s (2016) asserts that researchers are obligated to guard the identity of participants in a study and follow the strict ethical guidelines which state that each participant has a right to confidentiality and anonymity (BERA, 2018). 
Within the scheme of work provided by School A with a year 7 class the idea of proportion is not yet to be considered by classes of that level of ability (School A SOW 2018-19). As such the intervention was planned to only include ratio, sharing in a ratio and using scale with ratio.  Due to time constraints and various other factors time was lost and the scale lesson was cut from the intervention and was not tested in the end.

Evaluation
During the pre-test stage of the process students were given a twenty-minute examination on ratio and proportion. The questions ranged from those that were multiple choice with misconceptions included within the possible solutions, questions where students were expected to show fully worked solutions. 
All students in the class were expected to and indeed completed the test within exam conditions. They were not allowed notes, not allowed to discuss answers and not allowed to talk during the twenty minutes. In total twenty-three students participated in the pre-test. 
The average mark achieved by the class was approximately one out of eight or 12.5%. Interestingly there were seven students who achieved zero on the pre-test. This was an unexpected result with ratio and proportion in theory being covered by primary schools. This disparity in results could suggest two things, one that students lack the ability to recall their knowledge without some form of stimuli or two, students simply haven’t encountered this material before. 
In polling the class there were five different primary schools were represented within the class and all students from primary school B had never encountered ratio and proportion before. This accounted for three of the zeros. 
Between the two tests an intervention, in the form of targeted lessons designed to introduce methods to target misconceptions and cause cognitive conflict, were carried out. Initially this was planned to be 3 full lessons with the post test being carried out in the fourth lesson after. Due to timetabling, departmental examinations and school trips this was cut to only two lessons and the test being conducted in a lesson being run by the subject teacher externally. 
This created a host of problems as the initial test had to be changed with question on scale being removed as the lesson could not be completed. As such the misconceptions addressed by (Foxman, D. (1991)) on scales could not be addressed. The intervention lessons however did manage to address all the material on the test, albeit in a somewhat rushed way. 
After the intervention which shall be discussed in more detail later the average grade in the class was improved to a score of 59.4% across the class. Within the post test, which was carried out in the same conditions as the pre-test, only twenty responses were collected. The three fewer collections were due to pupil illness. 
The graph above shows the average score in the pre test (blue) and the post test (orange). 


In terms of individual progress from the pre and post test nineteen of the twenty participants completing the second study showed improvement in the post test. The one exception being a student who showed no change to her score. The mean improvement of each student was 45.6% 
Time will now be spent in discussing each of the five questions within the paper, how pupils have achieved on these questions and the potential flaws to the questions. Below a chart shows the number of students who got each question correct, the orange bars showing the pre-test and the blue showing the post test. It should be noted that the x axis whilst labelling 1 to 8 refer to question 1 through 5 with 2, 3, 4 and 5 referring to 2a, 2b, 2c and 2d respectively. 

Question one was designed to test students’ knowledge of expressing quantities as ratios. Students were presented with a set of six beads two of which were black four white. Students were asked to select the ratio they felt best reflected the image. This question was designed to test whether students had the misconception that the denominator (2 circles out of 6) was the right-hand side of the ratio as discussed by Oldham (Oldham 1999).  The question was also designed to see if students could simplify ratios and recognise that there was a simplified solution and not a non-simplified one within the question. 
In answering the question in the pre-test students certainly demonstrated the misconception with only 17.4% of students answering correctly and 65.2% answering with the misconception answer of 2:6. In the post test the number of students still selecting the misconception was 25% of the students with 65% of students selecting the correct answer and 10% choosing another option. 
The concept of diagnostic questioning as defined by Barton, Wiliam and Wylie has been utilised to try draw out the misconception’s pupils may have. Diagnostic questions are often multiple-choice questions that force the student to sift out answers that are not obviously wrong and are often the results of misconceptions within a subject area.  The clear advantage of this technique then is that it allows for misconceptions to be explored in a short space of time with the teacher being able to “evaluate student answers without wasting precious class time” (Barton 2018).  Whilst within the classroom I make use of this technique as part of exposition and formative assessment as discussed by Wiliam (Wiliam 2011) it has now been used through this pre-test. 
Indeed, question one is an example of this with the misconception being drawn out however one needs be careful with multiple choice as whilst these misconceptions can be drawn out there is the possibility that students simply guess. 
Question two is the question in which the least confidence can be taken. Students had two main issues to contend with before even answering this question, the first of which the inability to print the question in colour and the second being that some students did not recognise the suits of a pack of what we term traditional (French) playing cards. 
Regardless explanations were made during the pre and post tests and students attempted the question. The question involved students finding four ratios involving the suits and the colours of a series of images.  In hindsight this question would not be used without a key on the test. Within the pre test the number of students with a correct answer were as follows: 
In part A students 8.7% of students gave a correct answer, in part B 21.7% gave a correct answer. In part C 17.4% gave a correct answer and in part D only 1 student or 4.3% of students gave a correct answer. These percentages changed in the post test to 65% for part A, 65% for part B, 55% for part C and 50% for part D. Improvement can clearly be seen across the board here for students after the intervention. 
The main reason students lost marks in this question was not inability to use ratios. The main reason students lost marks was not simplifying the result. A second common mistake seen in this question was due to ordering the ratio the wrong way around. Drawing conclusions based on this second part however may be insignificant due to error perhaps being a misunderstanding of suits. 
There is the possibility that the misconception as discussed by Bell, Costello and Kuchemann (1983) that students fail to recognise correct common factors that was being attempted to address in this question has been drawn out. A common factor of three for part A was used in order to draw this out. 
Question three was the first that involved sharing in a ratio. For question three it was decided not to use multiple choice in order to see students working for the problem at hand. The question was a simple ratio that required division that was well within the remit of the students in question. Namely that of dividing 120 by 6. 
Students in the pre-test tried many approaches dividing by 5 rather than 6 and simply ignoring the smaller side of the 1:5 ratio. Three students, amounting to 13% of the participants correctly answering the question, 8 of 23 or 34.8% divided by 5 with the remainder of students leaving the question blank. 
After the intervention lessons in which students were taught to utilise the Singapore bar method and 85% of students attempted to utilise this method within there solutions. 80% of students managed to achieve the correct answer in this question. The students who got this question wrong did so in two main ways. First some students still have the misconception of dividing by 5. This could be because of the misconception of using the easier number as discussed in (Foxman, D. (1991)). The second way was a calculation error in division or multiplication which is not a misconception in ratio rather a numeracy issue. There was one student who did not multiply the unitary value by the ratios in question. 
Question four of the pre and post test was again a multiple-choice diagnostic question designed to ensure students thought about the question they read. Students had to interpret a triple ratio and identify which share “Rhodri” should get. In the pre-test only one student managed to answer the question correctly. After the intervention it was seen that 16 students or 80% of pupils managed to get this question correct. Of the remaining four students the selected answer was £150. 
This answer could be reflective of the best buy misconception explained by (Foxman, D. (1991)) that bigger is better. Interestingly none of the four students utilised the bar method in attempting this question on the post-test whereas 15 of the 16 who got the question correct utilised the bar method. The high proportion of the use of this method suggests that the long-term schema of the pupils as discussed by Barton (2018) and Skemp (1976) has been adjusted through the intervention. Obviously, this will only be through those students who had been taught ratio before. 
The final question on the paper was designed to draw out the misconceptions posited by Owens, (1993) and Ryan & Williams (2000) of being able to recognise when ratio questions were needed. As such a question was designed that when read correctly required simply division only. Most students failed to identify that this was the case in both the pre and the post test. In the situation where students did identify the problem, they were unable to correctly realise there were five family members. As such this was the worst answered question across both tests with 8.7% answering correctly in the pre test and 15% in the post test. 
The test can be seen in appendix A with the results seen in appendix B. 

The Intervention
The intervention in this piece of action research took place in the form of a couple of lessons introducing the concept of ratio to the class.  Two main topics were covered the first was expressing and simplifying in a ratio, the second was in sharing a ratio in a given quantity. 
The first lesson contained the pre test and introduced the concept of what a ratio is. The lesson then moved on to introduce the idea of simplification of ratios and the pupil’s knowledge on simplifying fractions, which had been covered recently, was utilised in introducing the idea of finding a common factor. Examples of this included common factors that were not simply two to try avoid instilling the misconception that if two is not a factor nothing is similar to that discussed by Hart (1980), Misallidou & Williams (2003), Piaget, Grize, Szeminska & Bang (1968) and Karplus, Formisano & Paulson (1975).
The second lesson made use of the Singapore Bar method to introduce the idea of sharing in a ratio. This method is a conceptional way of learning mathematics, the method utilises the idea of a bar being split into multiple parts. 
The Singapore bar method and indeed mathematics in Singapore follows a concrete, pictorial, abstract (CPA) model to develop conceptual learning The route allows for the introduction of higher-level mathematics (such as algebra) that is represented in a way that builds upon the knowledge known and understood by the class.
In teaching the lesson this way time could be taken to address most misconceptions discussed in the literature review of this document. It certainly addresses the first discussed by Hart (1999) that of using the correct total and hence the correct denominator for the fraction. 
The method utilised the idea that the whole bar represents the total amount and needs to be split in the way the ratio is. In using different colours within the bar, I was able to show both sides of the ratio and introduce the concept of the unitary method at the same time with pupils observing what the value of one equal section was. 
The unitary method as described by Australian Mathematical Science Institute (2011) is the process by which a singular part of a ratio problem is found before multiplying up. This method is at the heart of sharing in a ratio and as such was something included in the intervention lessons. 
Conclusion 
After reviewing the effects of this study, it could be argued that the intervention lessons put in place have addressed the misconceptions within the area of ratio and proportion. Almost all students saw an increase in their attainment on the post-test and indeed the class average increased from 13% to almost 60% 
 Whilst in some cases it is most likely to be true that the interventions are the cause of this successful change it cannot be blanket statemented across the whole of the class. There are of course limitations to this research and indeed there are still areas where insecurity must lie due to the nature of multiple choice. Whilst this has been attempted to be addressed within the test in ranging style of questions one cannot state with confidence the success is due to the intervention. 
The concept of pre and post testing is an established process within the realms of research. There are those who criticize its effectiveness (Knapp, Campbell and Stanley) however for the purposes of this study the process was the right one in order to gather results and establish the effectiveness of the intervention. In terms of teaching and learning this kind of structure could easily be implemented within lessons as pre topic and post topic tests. 
One of the largest issues facing this study was sample size. A study that could only gather 20 final responses is not a large enough sample to be able to draw a statistically significant conclusion from the results. The second issue with this is the potential of other factors influencing the results other than the intervention in place. 
The sample size being so small is not something that could have been addressed within the confines of this study. Indeed, within educational research the concept of a fair sample to test any form of intervention on is tough. All classes are different and across different subjects, teaching styles, departments and indeed schools’ classes are, at heart, fundamentally different (Teacher B, School B 2019) 
The process has overall been successful with potential misconceptions being challenged within the classroom and corrected in most cases. There were many students who improved significantly from the pre to the post test. However, this needs to be taken lightly as it is to be understood that some students had no prior knowledge to what ratio even was. 
The effectiveness of the intervention could be seen however in the way that students attempted to solve the problems at hand, with many using the key skills taught within the intervention lesson. 
Misconceptions, as defined by Roselizawati, Sarwadi , Masitah Shahril, (2014) as gaps in students’ knowledge or indeed misunderstanding of a topic that is then built into a mental schema. 
The intervention has been an effective one with most students showing considerable improvement. There are of course exceptions to this with one student showing zero improvement and indeed scoring zero on both the pre and the post test. There are of course many reasons this could be, one of which has its heart in the ideas of the VAK learners (Keller, Orton, Gillingham, Stillman and Montessori). Though an outdated and indeed disproved concept whilst no learner is completely one category the lessons followed a visual plan which may have not worked with the pupil in question with the potential that the student had audio and kinetic tendencies. 
Of course, the issue could also be within the school system. School A has a setting system in which a global grade is given across all subjects and students are banded first before being set (within mathematics) as such there is a possibility that a student who has limited potential within mathematics achieves a place within a higher band because of other subjects. 
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A Graph to Show the Average Score of Pupils in Pre and Post Test 
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A Graph To Show The Number Of Students Correctly Answering Each Question
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