Investigation into the Effect of Intervention on Misconceptions within the area of Ratio and Proportion
Introduction
The research into misconceptions involving ratio and proportion was undertaken within a PTE1 placement school. Throughout this research essay I will continue to refer to this school as school A. School A currently has just over a thousand pupils and has a reputation for high standards and achievements. Specifically within mathematics pupils are streamed from year 7 and class sizes also determined by ability: the lower the ability, the smaller the class size. The number of pupils who are in receipt of free school meals (FSM) as school A is significantly lower than that of the local authority and for Wales. Pupils classes as those with ALN have risen dramatically in school A over the past few years. Overall School A is a typical comprehensive school with a variety of pupils.
For this research essay the topic of misconceptions in ratio and proportion was used to look at whether interventions for misconceptions are successful or not. There was one class used for the research: a year 7 class of 34 pupils that are classed as high ability. During the intervention pupils were taught about equivalent, simplifying and sharing ratio and also about proportion and scale. 
Literature Review
A misconception is described as where a concept does not align with actual accepted understanding (Hansen, 2014). Unfortunately misconceptions can have numerous origins and classifications which can make them hard to recognise and ultimately resolve (Tanner, 2000). Cockburn (1999) identifies that the source of misconceptions will originate from three possible sources, namely the pupil, the task and the teacher. Within these three groups there are overlaps, but each group is responsible for certain different examples of misconceptions. 
From the viewpoint of the pupil, one of the most crucial sources of misconceptions is that of experience (Hansen, 2014). It is important to understand what pupils have been exposed to and misconceptions can simply be born from pupils simply not having experienced something. Cockburn discusses an example of this being an assumption pupils will know how to handle money, however, as our own society moves towards a cashless system, pupils are no longer exposed to money the way previous generations may have been (Bond, 2011). Hand in hand with this goes a teachers ability to recognise what a pupil may or may not know due to life experience and this may require more reflection and planning (Cockburn, 1999). A concept explained by constructivist theories as pupils incorrectly building their knowledge from what they are internalising through the learning process which can be made up from a variety of sources (McAteer, 2012).
Another pupil misconception is application of the right principle. For example does a pupil know which operation to use in a question and where to take the next step (Cockburn, 1999). This is something recognised by Hansen when she looks at a pupils ability to translate what a task is asking (Hansen, 2014). Mujis and Reynolds (2011) describe this as a lack of understanding of mathematical terminology, making a point that in order to understand mathematics you essentially have to learn a whole new language. This can also be exasperated by questions being overly convoluted or unclear. Cockburn (1999) states that questions should be clear and have specific meaning and instructions, even when problem solving is involved.  
As a task, mathematical misconceptions can be the result of being merely being too difficult for a pupil to access mathematically or not being displayed in a way that is straightforward for information to be made use of (Cockburn, 1999). Additionally a task can also be solvable by a pupil however the difficulty lays in something as simple as only completing one step of a two-step problem (Ryan & Williams, 2010).
Finally as a teacher we are responsible for not only instilling some of these misconceptions into pupils but to also find ways to rectify and recognise misconceptions to improve pupils understanding. This requires looking inwards at our own knowledge as well as being aware of what limitations pupils may face in order to be effective (Cockburn, 1999). Some further misconceptions teachers may be influencing are those surrounding concepts which pupils may not be ready to understand but then carry with them into future learning such as “you must always take the small number from the big number” which can be a challenge when you start dealing with negative numbers (McAteer, 2012).
Correcting and teaching pupils about misconceptions brings about the question of whether pupils need to be made aware of their misconceptions, as such should pupils be told what pitfalls there may be when answering questions. This point is discussed at length by Hansen (2014) who makes the argument that some errors may well be corrected by looking at teaching methods, but that the errors that pupils are displaying are present the world over where teaching practices are so varied that there may be an argument that misconceptions cannot simply unlearned or untaught. In strong agreement to this is Tanner and Jones (2000) who write about the problem of misconceptions becoming to ingrained within a pupils learning to be corrected. This could be an argument for making sure pupils are aware of their misconceptions before they become entrenched in pupils understanding. 
Teaching pupils to be aware and understand their misconceptions appears to be a running theme when it comes to assisting pupils overcoming errors (McAteer, 2012). These errors may be more difficult to overcome as pupils find it harder to understand the mistake they have made. It is down to the teacher to recognise where the pupil has gone wrong and to employ techniques to help the pupils understand their mistakes through reasoning, discussion or cognitive conflict (Ryan & Williams, 2010). It is important, that as teachers we become practiced at recognising misconceptions are pupils have because it is likely that if one pupil has a misconception other may too. Also it  then allows appropriate planning to go into developing strategies to overcome these misconceptions (Lee, 2006).
There are several Assessment for Learning (AfL) methods which can encourage pupils to reflect on the mistakes they have made and to avoid making these mistakes again. (Hansen, 2014). Pupils reflections on their mistakes is a key part of Black and Wiliam’s (1998) research into assessment methods and is widely upheld as an important pedagogical concept.  An argument which is also backed up by Ryan and Williams (2010) however this appears to be an extension on the suggestion to provide pupils with the errors they have made. Additionally, Spooner (2002) takes the idea of providing pupils with the knowledge of misconceptions that are within a topic but expands on this idea further by suggesting that not only making pupils aware of misconceptions but allowing pupils to discover what misconceptions they have had in their own work is of even greater benefit to pupils understanding. It appears that there are several sources in agreement about providing pupils with information surrounding misconceptions, the argument, it seems, is about how to utilise the teacher in addressing these misconceptions to aid the pupil (Hansen, 2014).
Whilst all these practices may be beneficial in their own ways, they do not address the problem of pupils recognising that it is important to learn from mistakes. This is an issue identified by Koshy (2000) that pupils are unwilling and unhappy about making mistakes even if this improves future learning. Cockburn (1999)  likewise takes issue with pupils being reluctant to answer questions unless they will be correct, it is the very reason that techniques such as think pair share and pose, pause, bounce are so popular methods of assessment because they ease the pressure on pupils having to provide an instant answer, which in turn serves to combat the tumbleweed moments where no one is willing to put forward and answer or suggestion on the off chance they may be wrong (Eison, 2019). Education as a whole is moving in this direction and not just in the UK but around the world. (Ryan & Williams, 2010) Perhaps exposing pupils to this way of thinking from an earlier age will negate the negative conations of making mistakes and pupils will rightly be able to see how these mistakes benefit their learning using reflection (Black, 1998). A sentiment which Koshy (2000) is also in agreement on. Lee (2206) believes it is always important to show pupils the value of the mistakes they have made and to let pupils know how useful they are.
When it comes to looking at the misconceptions surrounding ratio and proportion it is important to look at what pupils are expected to know. In Year 7 pupils are required to understand equivalence and simplify ratio; express two or more quantities as a ratio; be able to use the correct notation and use ratio and proportion (Welsh Government, 2016).
To begin it is important to understand what ratio and proportion actually means as pupils can get these two similar but separate concepts muddled. 
“Ratio: ‘For Every’
Proportion: ‘In Every’” (Hansen, 2014:80)
Pupils need to understand that ratio is a comparison between given amounts and proportion is a reasoning tool used to look at how quantities are related to each other (Lamon, 2008) . Cockburn (1999) talks about the language of mathematics being a barrier so even when pupils understand the ratio notation they may still struggle to put this notation in words and this can still cause misconceptions even when basic understanding is there.
In ratio, as with other topics there is also misconceptions mentioned previously that the problem may not be with the ratio or proportion question itself but the nature of how it is written or how many steps it requires to be completed (Hansen, 2014) and these are worth considering when looking at a topic such as ratio and proportion as it contains very specific language and calculations (Lamon, 2008).
The Concepts in Secondary Mathematics and Science (CSMS) research programme created a test which looked at various aspects of ratio and proportion misconceptions (Hart, 2004)In this publication it was clear that pupils found some aspects of ratio relatively simple such as doubling or halving however they had no solid method for dealing with a question that required other means of calculation (Hart, 2004).
As a concept ratio and proportion are often grouped with fractions as they have many overlapping concepts. It is important to look at the misconceptions pupils have in fractions in order to better understand where mistakes may originate when it comes to ratio and proportion. (Lamon, 2008) 
Pupils will often use an additive error when it comes to ratio. Instead of drawing a comparison between the sets of numbers pupils prefer to use addition or subtraction to make sense of the problem (Hansen, 2014) This was phenomenon also looked at by the CSMS test where pupils would merely look at the difference between two numbers and carry this through to answer the problem (Hart, 2004) rather than look at the problem from a fractional point of view. These results from the CSMS test were also replicated by the Assessment of Performance Unit (APU) who found that pupils were capable of answering a question which required halving or doubling but we’re unable to make the same proportional relationship with a number which needed changing by a different fraction (APU, 1982).
Another fractional problem is that pupils do not recognise that in a ratio the numbers represent separate groups. Whereas in a fraction you have the group (numerator) over the whole (denominator) there is no such comparison in ratio notion to show the whole and pupils may think that 3:8 is equivalent in fractional terms as 3 out of 8 (Hansen, 2014). This can cause issues when looking at sharing as a ratio because pupils may assume the amount needing to be shared will be within the ratio itself. 
Percentages are another common area of misconceptions especially when it comes to proportion, which is unsurprising as fractions and percentages go hand in hand. Pupils are unable to quantify proportional representation and that percentage can be scaled. For example 5% off the price of a pair of shoes does not mean you get 10% off from two pairs of shoes. (Hansen, 2014)
 Hart (2004) summarised from the CSMS tests that pupils will not use fractional multiplication and the difficultly is compounded when pupils are required to make something smaller as they are no longer able to rely on halving and adding to solve the question or problem.
There is an argument however that much of pupils inability to process ratio and proportion is down to the lack of modelling used in schools in the UK as argued by Ryan and Williams (2010) and that in fact the same misconceptions are less common place in Dutch schools where modelling is an important teaching method for this topic.
Finally, the APU (1982) looked at the role of misconceptions around scale and found that pupils would have more difficulty if the question involved decimals or fractions or if the question consisted of two different units. Pupils appear to struggle to alter scale in two units with some believing the scale is represented at a 1 to 1 level, e.g. that 1cm will equal 1m regardless of what is stated (APU, 1982).
School Policy and Practice and Diagnostic test
Pupils were all expected to participate in the pre-test and post-test however they were afforded the opportunity to withdraw from their results being included in the research. Prior agreement contained within the home-school agreement paperwork was provided to parents before the research was undertaken to give permission for pupils to take part in school based research. With regards to the test itself, pupils were presented with the same test for their pre-test and post-test to complete. The test consisted of seven questions, each of which had a selection of multiple choice answers. The decision to make the test multiple choice was to assist myself in identifying what the pupils misconceptions may be. I used research to decide what possible answers pupils may give to each question. APU (1982) identified that pupils were very capable when it came to halving and doubling but that pupils across the age ranges struggled with proportion problems that extend beyond halving and doubling. Specifically for ratio pupils had a tendency to make additive errors so most of the questions I gave had an additive error option. Significantly, other errors that occurred were mostly applying knowledge of fractions incorrectly to ratio. To be sure, each question had solutions to cover these varied misconceptions.   
The seven questions look at four areas of ratio and proportion problems; sharing; equivalence; proportion and scaling. These topics were determined from the national curriculum (Welsh Government, 2016) which expects a year 7 pupil to be able to complete tasks in all of these four areas, with the exception of using proportion to calculate quantities which is a year 8 expectation. As this was a more able year 7 class it has been included in this overall topic.  Question one and question six are equivalence questions with question six looking specifically at a ratio in its simplest form. For the topic of sharing question two is about sharing money in a ratio and question seven is a combination of sharing and proportion using capacity. Questions three and four both deal with proportion. Question four uses three part ratios to gain an understanding of how pupils recognise, view and understand ratios in three parts. Finally question five touches on scaling. The reason for one question on this topic was due to understanding and timetabling restrictions so the decision was taken to focus on one aspect of scaling as pupils would have a limited amount of intervention on this specific topic. Additionally, when composing the questions and answers there was a focus on using correct ratio notation as this is an expectation in the national curriculum (Welsh Government, 2016).
The test was administered in test conditions; quiet classroom with no discussion, and papers collected once completed in both instances. Due to a school trip during the pre-test and a school event for the post test a number of pupils were missing from either the first, second or both tests. This meant that out of a potential 34 pupils, 25 pupils were in attendance for both the pre-test and post-test. Out of these 25 pupils one pupil withdrew their participation, leaving 24 comparable pupil results. 
Methodology and Ethics
There is an ethical quandary when it comes to educational research. Teachers as researchers are caught between gaining additional knowledge and proof and unseating current knowledge and possible cultural values. (Cohen, et al., 2007). To compound this ethical problems can have many sources which is why it is important to be aware of the impact research may have before the outset. (Cohen, et al., 2007) Currently the British Educational Research Association (BERA) have five guidelines laid out in order to make sure that research is ethically considerate and before this research was conducted each of these was considered and accounted for before being agreed for ethical approval. 
These five guidelines are summarised as “minimising harm, respecting autonomy, protecting privacy, offering reciprocity and treating people equitably” (Hammersley & Traianou, 2012)
As previously mentioned all pupils who took part in this research had previously agreed consent and additionally had the right to have their results withdrawn from the study. The right to withdrawal satisfies the respecting autonomy principle in the sense that even though participation is mandatory like it would be in any other lesson, pupils are able to decide whether their work is used in research, retaining autonomy over participation. Proving the pre and post-test to be completed in normal classroom time meant that no student would be expected to give any extra of their own time than they would for a standard lesson. Pupils were also not expected to catch up on the test if there was absenteeism to avoid an opportunity cost of missing out on teaching time. In order for pupils to be treated equitably, all pupils sat the same test and were not provided a time limit, but to complete the test in however long they felt they needed. The tests multiple choice format meant that there is less opportunity to allow information bias to sway marking, making right and wrong answers much more clear cut.  
With regards to ethical approval, the research structure, aims and proposals were presented to an ethics committee for endorsement before any collation of results and analysis took place. 
[bookmark: _GoBack]One of the problems facing research is the validity and reliability of the research itself. Validity is a difficult concept to express because it is hard to measure but maintains its importance because if research is not valid then it ceases to be important or even relevant. Research cannot be completely and wholly valid but it can strive to be as close to this pinnacle of expectation as possible. (Cohen, et al., 2007). Research can be seen to have greater validity if it is accurate an realistic and can be viewed from two different points; internal and external. Internal validity considers how alike the research is in comparison to the real world and whether the research is essentially realistic and truthful. External validity examines the replicability of research and whether the research can be duplicated in additional research in other circumstances and environments (Pellissier, 2008). In order to reduce invalidity in research there are several methods that can be employed when planning research such as making sure the evidence gathered is appropriately related to the investigation; consideration of timescale; a suitable sample size group and guaranteeing standardisation in the data collection stages (Cohen, et al., 2007) . In order to make sure there was enough confidence in the validity of this research, these factors were considered. Pre and Post tests were identical and carried out in similar test conditions. The research was carried out on a small sample group which was large enough to make comparisons in a short timeframe. Finally the questions asked for data collection were research influenced to ensure relevance. 
Reliability has differing criteria depending on whether the research is classed as quantitative or qualitative and generally qualitative research is not easily classed on the basis of reliability. On the other hand quantitative research is classified as being more reliable if the results can be repeated again and again across several different parameters such as time and respondents (Cohen, et al., 2007)
For testing it is important when using a pre-test and a post-test to monitor the time between the two tests to ensure not too much or too little time has passed. This is because subjects may have forgotten content or may not have had the requisite time to be across the topic. Externally subjects may do additional research into a topic of their own accord which can affect the reliability in a pre and post-test situation as it is more difficult to asses the successfulness of intervention. (Cooper & Schindler, 2014)
There was a tendency towards a positive approach in this research. A positivism approach may seem counter intuitive when you consider that classrooms are moving to more constructivism based learning (Tanner, 2000) however it is a good fit for educational research because it uses hypothesis and statistical inference to gain insight. Largely, positivism involves testing which can be measured rather than taking on the ideas and perspectives of subjects (Mukherji & Albon, 2009). Taking a positivist approach to research does not detract from the teaching methods that can be used in the classroom.
Finally there can been some limitations with some of the areas mentioned. One problem is that qualitative research does not sit well with a positive approach because results and data obtained is less independent from opinions. Furthermore qualitative data can be hard to classify in terms of validity and reliability where these are more suited to a quantitative method (Cohen, et al., 2007). Limitations of a positivist approach can include there being a lack of objectivity because we are adults and the pupils are children; there is a great deal of influence on a pupil on any given day and this may have an effect of performance rather than what is being tested or observed and lastly, there needs to be caution using a data driven approach that correlation is not confused for causation which can be the case for such a narrow view (Mukherji & Albon, 2009). This research was quantitative so was much more suited to a positivism approach.
Evaluation
For this research I was focusing on how teaching intervention affected the performance of pupils, specifically misconceptions, within the topic of ratio and proportion. 
A year 7 mixed high ability class was the intended target for the research and pupils were issued with a pre-test consisting of 7 questions and multiple choice answers to complete in the assigned lesson at their own pace. The questions were based around the simplifying and sharing in a ratio, proportional problems and one question on scale. After four lessons of topic teaching pupils were given the same test with the same question and answers, as a post-test to complete to see if their misconceptions had been resolved, altered or imbedded even further. Within this class there are 34 pupils of which 25 completed both the pre test and the post-test due to clashes with school events meaning pupils were not in the classroom. After one withdrawal (Pupil C) there are 24 pupils which have comparable results which will be analysed further in this section. Pupils were not provided with the results of the initial test until they had completed the post-test to prevent pupils gaining knowledge of their mistakes.
For the pre test pupils did perform quite well. The pupils had already covered a topic on fractions in the previous month so I was expecting pupils to draw some knowledge from this topic to help them answer the ratio and proportion questions.
Across the whole class there was a score of 108 out of a total available score of 168. This score rose to 136 out of 168 for the post-test showing a 26% score increase. This means the average score per pupil increased from 4.5 to 5.8 which would suggest that pupils gained just over a mark in the pre-test. 
Chart 1


As can be seen from Chart 1, questions 1, 2, 4 and 5 appeared to have the most improvement however it is unclear from this table what misconception the pupils may have had before or after which is what will be discussed next.
In the whole class there were thirteen pupils who performed better in the post-test than in the pre-test; six pupils who performed equally well in both tests and five pupils who performed better in the pre test than in the post test. There could be a number of reasons for these pupils not performing better, many of the students who kept the status quo obtained full marks in both tests so were unable to improve. Pupil J may have failed to improve due to absence for a significant number of the intervention lessons however this is also hard to measure due to the nature of multiple choice testing. 
Chart 2


Question 1 was an equivalent ratios question and was answered correctly by seventeen pupils in the pre-test; this was also the most common answer. The second most common answer was answer two which showed the ratio divided on one side only, giving rise to the idea these pupils did not understand equivalence in ratio or maybe even ratio notation properly. In the post-test the correct responses rose by five and no pupil selected answer two compared with five pupils previously who did. Instead all pupils except two chose the correct answer; with the two that didn’t selecting answer three. Answer three consists of a simple miscalculation where at first glance pupils may think it is correct if they choose not to do the calculation. This could possibly suggest that the teaching of ratio representation and how equivalence works was mostly successful however it is still important to see whether these same misconceptions are evident in late questions as several questions have an element of equivalence to them.
Within question 2, the results appear to be similar to those in question 1. Thirteen pupils initially got the question correct with answer two being the most frequent incorrect answer which only has one appearance in the post-test. As question 2 is concerned with sharing ratio, pupils misconceptions appear to lessen and switch from not understanding ratio notation to no single overriding misconception. Whilst question 2 in the post-test has answer one as the second most common answer after the correct answer it is by only a margin of one out of a total of five wrong answers which is probably not significant enough to suggest the class as a whole still held onto shared misconceptions. This could be due to the class activity based on sharing ratios that pupils at least recognised that the amount each person would receive would be less than the amount being shared. 

Chart 3


There was no real improvement with question 3 which was based on proportion. For the pre-test pupils were generally making an additive error selecting answer three but as this was a high scoring question in the pre-test there is not much improvement that could be made. The following question, question 4, was also a proportion question however it involved a three part ratio which pupils found more difficult than the previous question. Almost half the pupils got this question incorrect in the pre-test with a clear majority deciding on answer one. Answer one was a demonstration of a misunderstanding of how to read the notation for ratio with pupils failing to match up the order of the ratios to the description given in the question. 
The pupils that also gave this as an incorrect response in the post-test gave the same answer in the pre-test however this question did see one of the largest improvement scores. Pupil D made an additive error on this question in both the pre-test and the post-test for question 4 and also made the same error for question 3 in the pre-test. Interestingly pupil D didn’t carry this misconception into question 3 of the post-test, which may suggest that misconceptions can still occur when an additional element is involved and pupils may not carry through any overturned misconceptions as expected. 
All pupils, except one, who gave a wrong answer for question 4 in the post test also gave wrong answers for question 3 displaying an assumption that their misconceptions were not altered or addressed in a way they could understand or retain as many of these pupils have previously demonstrated they could understand ratio equivalence which would have assisted with the answering  of the question.
Question 5 was another question which had a high response of correct answers in the pre-test. This question was looking at scale, specifically map scales. This question differed from other questions because it was a worded question with no ratio notation so pupils may have felt more confident in tackling it. The error most prevalent in the pre-test was answer three which was a miscalculation error. All pupils in the post-test got this correction correct which could be related to the fact this was the last part of ratio and proportion the pupils studied so may have been more easy to recall. Pupils had just finished a topic looking at conversion between units so this could also explain the high proportion of success in the pre-test also.
Error one was the only other answer given in the post-test alongside the correct response for question 6. As many pupils chose error one in the post-test as chose error three in the pre-test which could show a shift in misconceptions through greater understanding. Pupils had enough understanding to select error one because the question does simplify to this number but they may have failed to recognise that 9:18 could be simplified further. This could be another trick of multiple choice questions, perhaps pupils were aware this was a simplification and being the first option decided to not look any further. Despite this, the elimination of error three answers showed pupils understood that using decimals in ratio notation is not conventional. 
Finally for the last question the correct response rate was fairly low in the pre-test and the post test which could be for a number of reasons. Again this was a worded question which did not provide pupils with a ratio in notation form but in words. Pupils who got this incorrect may have misunderstood what was being asked of them with the majority of wrong answers being answer five. Pupils displayed the ability to share in a ratio from the answers provided in question 2 however it appears pupils could not translate this to words. Whilst in the intervention this was the language used to represent ratio, pupils were not provided with many problems that presented sharing ratio in a worded format therefore there may have not been enough intervention on this specific aspect of sharing as a ratio.

Chart 4


Overall most of the pupils performed better or equally as well in their post-test than in the pre-test with Pupil B and Pupil U showing the greatest amount of improvement. Four pupils, Pupils J, O, Q and T, failed to do better in the post-test, all scoring one less mark in this second test. As mentioned previously the reduction in marks for Pupil J could be reasoned due to absence but this is not the same for the other three pupils. Pupil O is an extra time pupil who may have felt pressured to complete the test quicker than they would have liked. This pupil had also received poor marks on the end of topic assessment during the previous lesson to the pre-test and this could have impacted how they approached this test.
The average improvement score removing pupils who score full marks in both tests was 1.5 marks which is an increase of 21.4%. Pupils who scored the full marks in both test were removed from this analysis because it is not possible for them to improve further and they did not do less well in the post-test. Pupils who scored less well in the second test were included because it is important to recognise that not all pupils did improve where they had the opportunity to. 
As a research group the pupils did perform better in the post-test and with the exception of question 7 pupils appeared to narrow down the spread of errors compared to that of the pre-test. In the pre-test pupils were selecting a range of wrong answers but by the post-test this range had generally narrowed on top of the proportion of pupils making errors.
Chart 5


While chart 3 shows there to be a small amount of improvement for question 3 and question 6 this is more likely due to the high success rate in the pre-test for these questions than a failing for pupils to do well at these questions in the post-test. Chart 5 makes it clear that the median score improved from 5 in the pre-test to 6.5 in the post-test. 75% of pupils scored higher than 4.25 in the post-test whereas the same spread of pupils only achieved a score of greater than 2.5 showing a marked improvement at the lower end.
The results show that there was a positive overall outcome in the result which could be due to the intervention. There was a measurable improvement for the post-test in comparison to the pre-test.
Conclusion
Despite the improvement of the results in the second test there isn’t enough evidence to suggest pupils misconceptions were drastically improved by the intervention. Question 5 had the highest success rate in the pre-test and the post-test with all pupils answering correctly in the post-test. This could have been due to the proximity between studying this particular aspect of ratio and proportion and sitting rather than an elimination of any misconceptions. 
Question 7 had the lowest correct response rate in both the pre-test and the post-test. I am reasonably confident that pupils may have performed better at this question in the post-test if the question had included the ratio in notation form as pupils demonstrated a greater knowledge of proportion in question 2 and question 4 however this would detract from the questioning as it is important to use worded problems in addition to number problems. With this in mind it would have been essential for me to have covered more of this type of problem during the intervention as it is clear pupils did not have enough experience to find themselves able to answer the question; especially as many of the pupils retained their original misconceptions. 
The greatest improvement was found in questions 2, 4 and 5. Question 5 has already been addressed but questions 2 and 4 showed equal improvement between the two tests. These were both questions that had significant practice over the intervention period. Specifically the lesson regarding the process of sharing in a ratio was extremely popular with the pupils and had a high level of participation across the class due to the implementation of a rich task. A rich task was also used for the proportion lesson that influenced question 4. This task was much less popular than the sharing ratio one however despite lacking in popularity it appears to have had a similar impact on pupils understanding. Whether or not these two rich tasks had a direct impact on pupils learning though is still unclear and would ned to be investigated further before drawing a final conclusion.
All pupils who gained full marks in the pre-test gained full marks in the post-test which could demonstrate the intervention did not have a damaging effect in regards to misconceptions, however all four of these pupils would be classed as More Able and Talented (MAT) so they may not be the best measure of whether intervention has succeeded or not.
Twelve pupils achieved seven correct answers in the post-test and once you withdraw the four MAT students these pupils represent quite a spread within the classroom suggesting that the intervention had a least a positive impact. In fact Pupil B made a drastic improvement which was expected as they had demonstrated an interest and understanding in the topic during the intervention, gaining the lowest mark in the class for the pre-test and the highest mark possible in the post-test. For the answers Pupil B gave during the pre-test it suggests they had a lack of understanding of ratio notation, once this had been resolved for this pupil they could understand what was being asked in the question.  
Four Pupils did not manage to improve in the post-test for perhaps for reasons which have already been looked at for Pupil J and Pupil O, (absence and lack of confidence). The two remaining pupils  were unexpected results. Pupil Q requires a lot of one-to-one attention and reassurance that they are doing the tasks correctly. This pupil had also underperformed in a recent test so may have required more assistance and reassurance than normal. Finally Pupil T had been doing well with the topic so it is unclear if there may have been external factors affected their score. These four pupils could show where the intervention was failing. Perhaps some of the extended concepts such as three part ratio questions and sharing in a ratio could have been broken down to even simpler concepts to ensure understanding.  
Generally looking at the main indicators that the mean score improved from the pre-test to the post-test by 1.25 marks. In addition to this the median score between both tests increased by 1.5 marks. Fourteen pupils managed to improve their score which increases to 18 when you include those who could not improve their score which accounts for 75% of the class in total. Sixteen pupils scored over 80% in the post-test compared with 8 in the pre-test. 
Whilst there is an implication that the intervention may have had a positive effect on pupils learning outcomes the effect of each type of intervention tasks is not clear and would need further investigation along with all the limitations this research has. It would be wise to test the reliability and validity of this research before drawing any firm conclusions from the evidence provided. However it can be tentatively suggested that the pupils in this research cohort, on the whole, improved their knowledge of ratio and proportion even if it cannot be said if this was due to the actions of the intervention. 
Limitations
This research had numerous limitations which varies from the teaching to the research group.
Within the cohort of pupils used for the research a number of limitations were evident. Firstly the fact that there was a large proportion of the class absent on the initial test day due top a school trip meant that numbers were already curtailed to some extent. On top of this the post-test was carried out when a large group of pupils were taking part in a whole school event. As the pupils taking part in these two events were not necessarily the same as the ones who had missed the pre-test there were 9 pupils in all from the class who were not able to fulfil both tests and 1 withdrawal. Luckily, 24 pupils is still a reasonable number to carry out a small scale piece of educational research, however, as with all research, the larger the numbers the better the results. Research within a classroom is always going to be limited by class size and factors such as absenteeism. 
This brings me onto another limitation. Absenteeism, not just for the test administration but absence during the intervention period. While it is possible to give pupil work to complete and catch up with in their own time, more often than not this will not match up to the learning opportunities available had they been present in the classroom. The classroom is where they get to experience a much richer experience to help build their schema which is why so much thought goes into planning a lesson to get the maximum impact. This also reduces the validity of the test if pupils are not exposed to the same intervention methods.
Another limitation with this research was the timescale. There were four weeks available to complete this research which was more than enough time however pupils needed to finish the topic they had already started and complete assessments for this work which reduced the time available significantly. Perhaps this topic would have been better served if the focus had been narrowed and parts of the topic not included to ensure there was more quality intervention than quantity.
A particular limitation with this specific research was the test itself. As I had decided to use a multiple choice answering system there are always going to be errors with what pupils know and have guessed. Whilst guessing can still reveal some misconceptions because pupils are drawing on their existing knowledge, this will not account for those that have randomly selected an answer. In some ways there are benefits to choosing to do multiple choice as it helps that the wrong answers are more uniform and you are also less likely to be handed a sheet of paper back with no answers at all. I chose this multiple choice because I thought it would be less confronting for pupils to have some concrete answers in front of them however I am aware that this is also a limitation.
A further limitation is that this test was designed specifically for this Year 7 class using information I had about the class such as their abilities, the projected expectations of their ability in the topic and also what they had studied previously. With this in mind there is a limitation that this this could not simply be picked up and used with another class as it may require some revisions. That aside, it could still be used as a useful tool to gauge how pupils of different ages and abilities respond to the questions. The tests limitations come from the fact it is less reliable in terms of repeatability. 
Finally there are limitations as to what we can class as a positivist research stance as teachers; we are not independent because we work with the children we test either directly or indirectly on a day to day basis. This influence also extends to the fact we are adults in a position of power. These power dynamics between a teacher and child mean we are not independent observers. Also we cannot randomly select large groups of pupils to test at any given time as we are restricted in ways mentioned previously. In addition to this we are not able to demonstrate causality in this research or to be able to accept the hypothesis that intervention methods in regards to ratio and proportion can overturn misconceptions.
If I were to repeat this research I would focus on a narrower topic area to gain a better understanding of specific misconceptions such as the addition problem. 
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Comparative Scores

Pre Test	15	13	17	13	18	18	12	Post Test	22	19	19	19	24	20	15	Question Number


Correct Answers




Performance in both tests measured as 100%

Pre Test	A	B	D	E	F	G	H	I	J	K	L	M	N	O	P	Q	R	S	T	U	V	W	X	Y	6	1	2	4	2	5	7	4	5	7	5	7	7	2	4	5	6	5	6	2	2	4	4	6	Post Test	A	B	D	E	F	G	H	I	J	K	L	M	N	O	P	Q	R	S	T	U	V	W	X	Y	7	7	4	7	4	5	7	7	4	7	6	7	7	1	6	4	6	6	5	7	3	7	7	7	Pupils





Improvement

5	6	2	6	6	2	3	Question Number


Difference in correct answers



Difference between Pupils Scores

A	B	D	E	F	G	H	I	J	K	L	M	N	O	P	Q	R	S	T	U	V	W	X	Y	1	6	2	3	2	0	0	3	-1	0	1	0	0	-1	2	-1	0	1	-1	5	1	3	3	1	Pupils
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