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Introduction
School X is a selective, mixed, English medium 11 to 18 secondary school in South Wales.  School X has 8.7% of pupils eligible for free school meals, this is 8.3% below the Welsh average of 17%. (Appendix 1). School X currently has pupils 1252 enrolled, including an onsite sixth-form of 295 students from a wide geographical area due to the selective and specialised nature of the school. Per pupil school X has an average budget of £5041, this is higher than both the local authority and national budgetary averages. (My Local School) (Stats Wales). School X are recognised as a Green Support Category by the Welsh Government and have been recognised for good practise.   
The research completed and discussed in this paper was conducted with a year 8 aged 12-13, set 2 (national curriculum level 5/6/7). (Set 2 is the second highest achieving group in the year group, the year group is broken in to two strands so there are two set 1s and two set 2s). The topic of probability was chosen with this particular class as the topic allowed concise study and testing to be completed over a set period of lessons with all prerequisites having been covered. The nature of probability also lent itself to a measurable pre and post-test in the time available. 
The academic purpose of this paper is to access the effect of teaching intervention on the misconceptions held by KS3 (specifically year 8) learners within probability through the use of pre-teaching intervention and post-teaching intervention diagnostic tests. 
Literature Review
Probability is covered in the “Data Handling” section of the Welsh National Curriculum. 
Many non-standard conceptions exist and are held by students, they are often common and broadly accepted outside of the specific field of study, a notable number of these non-standard conceptions are seen in mathematics and science.(Garfield, 2001) (Khazanov, 2008)  They are formally referred to, throughout literature, as misconceptions and in education they are formally defined as “a student conception that produces a systematic pattern of errors” (Smith, diSessa, and Roschelle, 1993). 
The misconceptions about probability that are held by high school and secondary school age students have been studied at length by the international community due to probability forming a critical part of any data handling as well as an initial base for any statistical mathematics.  (Khazanov & Parado, 2010) (National curriculum for wales + donaldson “What matters” statements for wales) 
Common misconceptions in probability that are seen are those of a student’s previous beliefs driving their mathematical decision judgement, such as students ‘feel’ an outcome must happen or is more likely to happen, based on previous outcomes. This is known as the Gambler’s Fallacy and is something many students hold to be truth within mathematics (Kantrowitz, 2018) (Berry 2016). This use of subjective judgement in regard to answer probability questions is due to their understanding of past examples to inform current decisions (Ang and Shahrill 2014).
[bookmark: _Hlk8577502]It is also seen that learners have a limited understanding of key probability terms due to the colloquial usage of words such as chance and certain in everyday life, as possible and certain become interchangeable to some learners. Due to this linguistic view of probability learners also find it challenging to express probabilities as mathematical value rather than describe them using key terms (Lionel, Pereira-Mendoza 2002). The limitations of language and the understanding of the key terms and phrases causes learners to draw flawed conclusion when encountered with a mathematical context. 
[bookmark: _Hlk8663043]Many of these misconceptions stem from a student’s informal interaction with probability and its place in society. Such as, through their informal interaction with uncertain events at home, in society and through games of chance or “luck” as well as non-mathematically driven subject bases (Fischbein, Gazit 1984) (Khazanov & Parado, 2010).
This idea that ‘feeling’ or ‘belief’ is often carried through to higher levels to mathematical education as students often don’t seen their ‘belief’ challenged until higher order probability examples are presented to them, causing greater academic hindrance to occur at secondary school level as misconceptions remain unchallenged at primary school level (Ang and Shahrill 2014).
[bookmark: _Hlk8663823][bookmark: _Hlk8663832]Learners’ reliance on previously seen patterns and they’re own ability to use what has come before to predict the future leads to greater misconceptions to manifest as the positive and negative recency. Positive recency dictates that if learners see a string of successful outcomes in experimental data, considering the previous outcomes, predict a successful outcome for any following trials. This leads to false hoods as learners’ disregard may of the laws of probability and the theory by which experimental probability trails adhere to (Fischbein, Gazit 1984) (Gurbuz, Erdem, First, 2013) (Maskarinec & Brown, 1974).                                                                                                                                    Similarly, negative regency sees some learners take an inverse view-point regarding their predictions for the outcomes of future trails in a probability experiment. This second group of learners see a string of successful outcomes in experimental data, they will consider the previous outcomes, and predict an unsuccessful outcome for any following trial. This is due their understanding of theoretical probabilities of trials and fairness (Gurbuz, Erdem, First, 2013) (Maskarinec & Brown, 1974).
Representativeness is the name given to the misconception, that events within samples that correspond to the population distribution more closely or exactly are more probable than those that do not. This is due to the students’ limited understanding of experimental and theoretical probabilities as well as the sole reliance on theoretical data to ‘predict’ the probabilities of other events or to influence said probabilities. (Ang and Shahrill 2014) (Fischbein, Gazit 1984) The use of larger samples to calculate the probability of a single event also causes further misunderstanding as learners’ do not have the prior knowledge or background understanding of an event to make an accurate mathematically justified conclusion. Due to the use of this subjective probability practise in day to day life through decisions regarding classically uncertain events, it is difficult to fully expel this misconception from the minds of learners’ during their study of probability. (Kahneman and Tversky, 1972) (Ang and Shahrill 2014).
[bookmark: _Hlk8664461]An example of misconceptions seen at a secondary or high school level are those surrounding randomness in samples.  Learners see a sequence of 6 children labelled by gender in the order “BBBGGG” as less likely than “BGGBGB” as the ordered nature of the first challenged their understanding of randomness despite the probability of one gender to another remaining the same as they represent a sample of a total population. This lack of differentiation between what is meant by randomness mathematically and what is meant by random in everyday language causes cognitive conflict as learners must challenge their understanding to meet the needs of probability questions  (Barnes, 1998) (Kahneman and Tversky, 1972) (Shaughnessy 1977, 1992).
Representativeness also sees learners develop and have an insensitivity to sample size as they disregard any critical variables taken prior to the final statistical data and draw flawed conclusions due to the sample space fallacy (Lantz, 2012) (Falk, Falk, Levin (1980))
Another misconception that has presented in literature and research in to the study probability centres around learners’ understanding of the process by which experimental data is corrected as some students believe that the method by which a die or coin is thrown or spinner spun have an effect on the probability of the events recorded. This belief though valuable in certain statistical data collection processes is redundant when the outcome of these simple classroom models is what is required (Ang and Shahrill 2014) (Nicholson 2005) (Fischbein, Gazit 1984).
[bookmark: _Hlk8582101][bookmark: _Hlk8586252]Equiprobability bias also exists as a misconception by which the teaching and learning of probability at KS3 and other levels of mathematical education are hindered. Equiprobability bias is seen as the process by which learners will see all events, particularly those with less limited events, to have equal probabilities regardless of other variables and factors traditionally considered when discussing the probability of events of this type (Ang and Shahrill 2014) (Gurbuz, Erdem, Firat, 2013). This stems from learners’ misunderstanding of how probability is calculated in different experiments and is seen as robust for many as the logic is unfillable for examples of fair coins or die. However, the conception quickly becomes flawed when experiments of inequal probability are seen such as a spinner with 5 sections all of which may not be of probability 0.2 as their size can vary (Lecoutre 1992). This misunderstanding of the way by which probabilities are calculated leads to difficulties, as new more complex experimental examples leading to extensive cognitive conflict occur. 
[bookmark: _Hlk8665591]One of the most prevalent misconceptions seen in probability and mathematics in general are those caused by learners’ inability or lack of skill to transfer necessary mathematics from other contexts to aid their understanding of, as discussed and prioritised in this case, probability (Cohen, Smith et Al, 1996). The particulars of which will be discussed in the context of the research conducted at School X as the variations are lengthy and beyond the limitations of this particular paper. 
[bookmark: _Hlk8580296]These misconceptions are not combatted simply through formalised instruction of definitions, rules and methods. Many of these misconceptions fall alongside mathematical fact leading to students’ ability to apply new concepts compromised, as even with misconceptions, the correct solution can, in some cases, be reached (Garfield, 2007) (Khazanov & Parado, 2010). Hence formalised intervention is required to realign a students’ ideas with the mathematically accurate facts required to succeed in probability.
[bookmark: _Hlk8586568][bookmark: _Hlk8586557]Due to the operations required for probability and the other areas of mathematics, the learners’ ability to calculate with fractions is pivotal. Many of the misconceptions seen within fractions therefore carry over into learners’ understanding of probability and the methods of calculating probability. When adding fractions learners have been seen to separate the numbers and not consider them as part of a fraction, this is stems from their understanding that if two numbers are added together the result will be larger rather than following the denominators being made the same, the denominator must then be a sum of the denominators of the fractions being added together (Sealy, 2019). Learners also forget to ensure the denominators of fractions are the same. Similarly, learners carry the “denominator remains the same” rule from addition into multiplication questions, when the fractions have the same denominator (Fannin et al, 2014). In the method for the addition of fractions the denominator always remains the same in the product as the question (before cancelling) they carry this thinking in to multiplication as it is familiar and a concept they are comfortable with. They are also seen to make the denominator the same before applying the multiplication operation. (Boyadzhiev, 2019)
[bookmark: _Hlk8665563]Misconceptions in calculations using decimal numbers also affects learners’ understanding of probability (Steinle (2004). These misconceptions include learners misunderstanding of the size of the decimal and its effect on integer values during multiplication and the use of decimals as a representation of fractions (Steinle and Stacey, 2004) (Thipkong and Davis,1991).
The use of teaching intervention to combat the misconceptions help by students is vital, as it allows cognitive conflict to be used to develop and deepen the students understanding as it is understood that a student’s ability in the often abstract contexts of probability does not simply improve with age as probability is not formally used daily unlike mathematical concepts such as percentages or fractions. This further highlights the role teaching plays in a student’s understanding of probability with short-term teaching intervention proving beneficial in overcoming the misconceptions held by students and improving a student’s over-all understanding and progress in probability (Jun and Pereira-Mendoza, 2002). 



School Policy and Practice 
School X follows a bespoke variation to the National curriculum designed by the curriculum leads and coordinators at the school. Each member of Mathematics teaching staff is directed to follow this bespoke scheme of work (Appendix 2). The scheme of work is designed such that it allows the topic of probability to be taught to each of the KS3 year group, at three tiers. These three tiers were designated and designed by School X to best meet the academic needs of the students at KS3. The tiers are called the ‘foundation pathway’, ‘intermediate pathway’ and ‘higher pathway’, these directly mirror the WJEC GCSE paper tier. Each student set is assessed and monitored and assigned the academic pathway that best meets the needs of that particular class. Each subject topic is then broken down in to key elements that draw directly from that National curriculum as well as a ‘number of lessons’ recommended for each topic. (with each lesson at School X being 50 minutes in length). (Appendix 2)                            
During the research period this same scheme of work was followed, with recommendations from regular teaching staff as to which pathway would best fit the attainment and aspirations of the class. The higher tier learning pathway for probability was followed at year 8 for the class as this pathway met the National curriculum requirements and possible attainment of the class. The topic of probability at the ‘higher pathway’ for year 8 is allocated 6 lessons and divided in to 4 key areas of study. These areas are “Construct sample space diagrams and calculate probabilities”, “Calculate exhaustive events”, “Calculate experimental probability” and “Construct simple tree diagrams and use them to calculate”. These areas of study were used to inform the specific questions use in the pre-test diagnostic and therefore the post-test diagnostic as this allowed the interventions used to directly benefit the course requirements. (Appendix 2) (Appendix 4) (Appendix 5)                    
Teaching staff are directed to meet the targeted areas within probability through the use of pre-prepared marking grids, published by the school following the schools “consistent feedback” directive (Appendix 3).  The marking grids give measurable targets that pupils are expected to have met, common mistakes and misconceptions seen previously and extension questions that are set for pupils following the book marking at the end of a module of work. This allowed common misconceptions to be identify and targeted during the pre-test as the misconceptions seen by School X, where already illustrated through the pre-prepared marking grids. (Appendix 3).                    
These procedures and schemes of work were followed during the research period as this allowed any results to be valid and to be within the parameters of the School, Parent and pupil agreement as well as the ethical guidelines from both University of Wales Trinity Saint David and School X. 
All lessons taught during the intervention and the pre and post intervention diagnostic tests were monitored, critiqued and approved by the regular class teacher to ensure its suitability for the class and that all teaching intervention was within school guidelines. 
Methodology and Ethics 
Methodology 
The methods by which the research into the common misconceptions within probability and the use of teaching intervention to combat these misconceptions was conducted through the use of pre-intervention and post-intervention diagnostic testing. The pre-intervention diagnostic test consisted of 10 questions (Appendix 4) (some as part questions) following School X’s outlined areas of study for probability at Year 8 on the higher pathway. (Appendix 2). 
The pre-teaching intervention diagnostic and post- teaching intervention diagnostic testing model was used to access the changes to learners’ misconceptions within probability for the year 8 class discussed in this paper as it provided the best representation of academic change overtime following teaching-intervention. This therefore allows a more genuine representation of learners’ academic gain to be assessed followed targeted and focused teaching (Boyas et Al, 2012) (Franklin and Sayre 2014)( James.P 1999).
The use of this type of staged assessment allows a clear correlation, if any presents,  between the teaching intervention and the outcomes of the post-teaching intervention diagnostic test, using the pre-teaching intervention diagnostic test as a baseline control for this data (Marsden and Togerson 2012) (Heckler & Sayre, 2010). 
The pre-teaching intervention diagnostic test (Appendix 4) and there by the post- teaching intervention diagnostic test (Appendix 5) was written following the scheme of work predetermined and provided by School X as this allows it to best meet the academic requirements outlined by School X as well as the academic needs of the class, working at a Level 7. (Appendix 2) This use of the scheme of work informed the topic each question covered and informed the lessons taught during the teaching intervention. The pre-teaching intervention diagnostic test and post-teaching intervention diagnostic test were designed to be nearly identical (save for the numerical values used) as this allowed the best representation of change to be seen as learners are tested on the same 10 key areas of probability that fit to fulfil School X’s pre-determined scheme of work. The limit of 10 questions for the pre-teaching intervention diagnostic test and post-teaching intervention diagnostic test was directed by University of Wales Trinity David as not to overwhelm the learners. These 10 questions include part questions and due to the more heavily contextual and worded nature of probability and the questions on the specification, these part questions are heavily involved to assess the students understanding. This also works as a research tool as the smaller number of questions are easier to collect meaningful data while ensuring learners are not put under additional undue stress for what is perceived as an informal assessment (Lodico et al, 2010)(Raffe et al, 2005).


The question areas for both the pre-teaching intervention diagnostic test and the post-teaching intervention diagnostic test within probably are as follows: (Appendix 2) 
Q1: Listing the outcomes of two mutually exclusive events 
[bookmark: _Hlk8577856]Q2a: Using contextual probability information to calculate outcomes 
[bookmark: _Hlk8580544]Q2b: Calculating the probability of an event NOT occurring 
[bookmark: _Hlk8582149]Q2c: Calculating conditional probability 
[bookmark: _Hlk8583230]Q3: Calculating Expected Outcomes (probability given as a decimal) 
Q4: Construction and completion of a probability tree diagram  
Q5a: Calculating the probability of consecutive events without replacement 
Q5b: Calculating the probability of consecutive events without replacement 
Q6a: Calculating the probability of a single event with the use of a sample space diagram 
Q6b: Calculating the probability of two simultaneous events with the use of a sample space diagram 
The pre-teaching intervention diagnostic test was given on February 4th, 2019, learners were given 30 minutes of a 50-minute lesson to complete the questions following an initial discussion of the ethical procedures that will be followed during the testing and teaching intervention (Appendix 4).  Learners were given the opportunity to ask questions following the pre-teaching intervention diagnostic test as well as given the option to remove their data from the academic write up and this paper in lines with data protection rules, school research policy as well as the ethics outlined and approved by the ethical board and University of Wales Trinity Saint David (Appendix 6).
Following seven, 50 minutes lessons of dedicated teacher intervention, the post-teaching intervention diagnostic test was given on February 21st, 2019. Learners were again given 30 minutes of a 50-minute lesson to complete the questions and reminded of the ethical procedures and their option to remove their data from this academic paper (Appendix 5) (Johnson and Christensen, 2008).
Ethics 
The research conducted at School X was ethically valid as it adhered to ethical guidelines outlined by School X and University of Wales Trinity Saint David. The research and subsequent write up was kept ethically sound as learners were given the opportunity to remove themselves from the research data as directed by the University of Wales Trinity Saint David guidelines regarding this research project (Appendix 7).
Informed consent plays a pivotal role in the ethical validity of the research conducted (Reister, 1977). This use of informed consent is pivotal in ensuring the ethical validity of the research conducted as consent by learners was given voluntarily following a discussion with learners about their ability to be removed from all academic analysis and discussion completed in this paper. Learners were also reassured of the confidentiality and anonymity with which all data is treated (Burgress, 2005) (Kelly 2005).
To ensure ethical procedure during the research period, the professional and hierarchical relationship between the researcher (in this case myself) and the researched (the year 8 students within the class) was maintained. The research relations play a major role in the validity of the data collected and the security felt by those being researched, is of particular concern within education due to the sensitivity of data and the young age of those whom the research is focused upon (Homan, 1980) (Denzin, 1968). This, in itself, draws additional concerns of undue harm and stress as well as issues of confidentiality, access and power. The dynamic that exists between the researcher and the researched is amplified in the academic setting due to the stakes within education as well as the smaller sample size dictated by the class size and time restraints experienced during the research period (Raffe, et al, 2005). 
The power-balance and maintenance of a secure environment and proper conduct within the relationship between researcher (myself) and those who are subject to the research (year 8 learners) is crucial to both in order to maintain healthy academic professional relationships but also to allow security for the researched and researcher alike (Iphofen, 2016).  This is facilitated through the comment and authorisation of School X, alongside having every lesson, including test lessons observed by a regular member of staff. 
Data dissemination and the way in which the data collected during the research is subsequently treated, evaluated and shared is also a concern as the young age of those whom the research is focused upon and the public nature of the research for personal academic purposes (Bulmer, 1982). In line with the data protection clause agreed upon on the ethic form cleared by University of Wales Trinity Saint David (Appendix 6), personal information of students and the school at which they attend shall not be disclosed to any unauthorised individual or academic body. The names and data of students is limited to within the systems of School X. The identity of School X regarding the data collected and any conclusions drawn from said data is limited to the authorised academic professionals at University of Wales Trinity Saint David(Appendix 6) (Raffe et al, 2005).
Evaluation (Appendix 8) 
The use of the pre-teaching intervention diagnostic test provides a clear representation of the prior knowledge held by the learners before the teaching intervention. It also highlighted areas for additional support and development outside of those considered when designing the pre-teaching intervention tests, such as additional misconceptions regarding the multiplication of both fractions and decimals. These misconceptions have been discussed, in detail, in the literature review. These additional areas of development seen when marking and tracking the pre-teaching intervention test scores, in turn, led to adaptations to the 7 lessons planned to cover the academic areas outlined in School X’s scheme of work (Appendix 2). The pre-prepared marking grids provided as school policy by school X were also used to guide the focused subject areas and skills of the pre-teaching intervention diagnostic test and hence the post-teaching intervention diagnostic test as well as the lesson objectives of the intervention lessons (Appendix 3). 
Following the assessment and monitoring, 7 lessons were taught. These seven lessons covered the focus areas outlined by the scheme of work. The lesson objectives were applied and the areas which these lessons covered were as such:
Lesson 1: By the end of the lesson we will be able to use a sample space to discuss the probability of an event.
· Understanding of the scale of probability and key terminology
· Construction and completion of sample space diagrams  
Lesson 2: By the end of the lesson we will be able to use sample spaces or a list of outcomes to answer questions about probability.
· Listing outcomes of event to calculate probability 
· Choosing which method (sample space diagram or listing) is the most affective for calculating probability 
Lesson 3: By the end of the lesson we will be able to use list of outcomes and exhaustive properties of events to calculate a probability.
· Listing outcomes of event to calculate probability 
· Understanding of exhaustive events for contextualised questions 
Lesson 4: By the end of the lesson we will be able to conduct a probability investigation.
· Understanding or the difference between theoretical and experimental probabilities 
· Gathering experimental data and comparing it to theoretical data 
Lesson 5: By the end of the lesson we will be use a tree diagram to solve problems.
· Construction of and using probability tress diagrams to calculate simple probabilities 
Lesson 6: By the end of the lesson we will be use a tree diagram to calculate the probabilities of dependent events.
· Use of probability tress diagrams to calculate probabilities of independent and conditional events 
Lesson 7: By the end of the lesson we will be able to confidently answer contextual questions on probability
· Recap of Contextual questions within probability 
See Appendix 2 and Appendix 3 for more detail.
Each of these lessons were 50 minutes long with starters being used to revisit necessary skills for the development of learners’ understanding of mathematical processes and operations as well as previous lesson content. This allows greater retention of information as the recaps further develop the learners’ understanding of key concepts within probability and wider mathematics. This lines up with the model of the forgetting curve and the requirement for information to be repeated at intervals to insure greater retainment in the long term (Finkenbinder, E. (1913).
The pre-teaching intervention diagnostic test (appendix 4) was completed on February 4th, 2019 by all 29 members of the Year 8 research class. The results showed that of the 29 learners, 37.9% (to 1 decimal place) of learners achieved 50% or more, with no learners achieving 70% or more. However due to two learners being absent from the post-teaching intervention diagnostic test, these statistics need to be altered for 27 learners, therefore it is seen that for the 27 learners who completed both diagnostic tests, 37.0% (to 1 decimal place) achieved 50% or higher in the pre- teaching intervention diagnostic test, with no learners achieving 70% or more. This adaptation of the statistics used to analyse the results allows a clear comparison of data, however, this does reduce the sample size used by two, leading to a greater consideration of the statistical validity of the research and the conclusion that can be made. These considerations of validity will be discussed further in the “Limitations and Further Development” section of this paper.  
The post-teaching intervention diagnostic test was completed by 27 learners, due to two absences as disclosed above. It showed that 74.1% (to 1 decimal place) of learners achieved 50% or higher, this is an increase of 37.0% (to 1 decimal place) following the teaching intervention in the number of students achieving more than half marks.  The post-teaching intervention test shows that 48.1% (to 1 decimal place) achieving 70% or more, this is an increase of 48.1% following the intervention lessons. The comparison between the pre-teaching intervention test data and post-teaching intervention test data also shows that 70.4% (to one decimal place) of learners improved their understanding of the probability taught and tested during the research period, achieving better marks on the post-teaching intervention test. 18.5% of learners saw no change in their attainment following the teaching intervention on the second diagnostic test administered.  The remaining 11.1% of learners saw a one mark decrease in attainment, this is the only decrease in attainment seen.  Of the three learners who achieved a lower overall mark in the post-teaching intervention diagnostic test Pupil K’s lower attainment can be partially explained due to their attendance to only one of the seven teaching intervention lessons, during which previous lesson work was developed. 
Individual questions on the pre-teaching intervention diagnostic test and post teaching intervention diagnostic test saw varied answering and some absence of answers by students and the misconceptions that learners’ have of the specific subject areas. 
Question 1 (Appendix 4) (Appendix 5) of the pre-teaching intervention diagnostic test and therefore the post-teaching intervention diagnostic test covers “Listing the outcomes of two mutually exclusive events”. In the pre-test 55.6% (to 1 decimal place) of learners were able to correctly answer this question, in the post-test 96.3% (to 1 decimal place) of learners correctly answered this question. The intervention used for this question included introducing the mathematically accurate terminology to allow them to access the question and therefore answer correctly (Lionel, Pereira-Mendoza 2002). Pupil O is the only learner to see sustained lack of attainment for question 1, due to a lack of answer given by the learner during the post-teaching intervention diagnostic test time. This gives the opportunity to analyse the misconceptions. Overall, intervention for the learners’ understanding of listing the outcomes of two mutually exclusive events was highly successful during the assessment of this small sample research class as responses improved by 40.7%. 
Question 2a (Appendix 4) (Appendix 5) of the pre-teaching intervention diagnostic test and therefore the post-teaching intervention diagnostic test covers “Using contextual probability information to calculate outcomes”. In the pre-test 100% (to 1 decimal place) of learners were able to correctly answer this question, in the post-test 96.3% (to 1 decimal place) of learners correctly answered this question. The decrease in overall attainment for this question and a single pupil developing the misconception that details given fulfil the question, due to lack of workings given by the learner it is unclear if the answer given is part of further workings or if the erroneous answer comes from a lack of understanding which is a limited assumption due to the same learners’ achievement within the pre-test. Overall, the intervention used to combat the misconceptions of misunderstanding of the exhaustive probabilities and the probabilities of events not happening draw from learners misunderstanding of key terms (Lionel, Pereira-Mendoza, 2002) and misunderstanding that exhaustive events must consider all possible outcomes as well as their misunderstanding regarding the mathematical operations used to calculate the total number of events possible (Garfield, 2007) (Khazanov & Parado, 2010). This intervention was highly ineffective as it led to greater confusion for learners as additional terminology and context may have led to learners overthinking the problem.
Question 2b (Appendix 4) (Appendix 5) of the pre-teaching intervention diagnostic test and therefore the post-teaching intervention diagnostic test covers “Calculating the probability of an event NOT occurring”. In the pre-test 70.4% (to 1 decimal place) of learners were able to correctly answer this question, in the post-test 88.9% (to 1 decimal place) of learners correctly answered this question. This overall class attainment increases of 18.5% (to 1 decimal place) for learners. The misconception seen in the pre-test were around learners’ limited understanding of terminology and methods required to answer questions regarding the probability of events not occurring, drawing on learners understanding of probabilities being exhaustive and adding to 1 and not all probabilities being equal (Ang and Shahrill, 2014) (Lionel, Pereira-Mendoza, 2002) (Garfield, 2007) (Khazanov & Parado, 2010).
Question 2c (Appendix 4) (Appendix 5) of the pre-teaching intervention diagnostic test and therefore the post-teaching intervention diagnostic test covers “Calculating conditional probability”.  In the pre-test 66.7% (to 1 decimal place) of learners were able to correctly answer this question, in the post-test 88.9% (to 1 decimal place) of learners correctly answered this question. This increase of 22.3% (to 1 decimal place) shows marginal success in the intervention used to combat the misconceptions seen regarding the calculation of conditional probabilities. Students were seen to assume probabilities remained equal and were unaffected by previous choices (Ang and Shahrill 2014) (Gurbuz, Erdem, Firat, 2013). The use of fractional representations for probability also caused miscalculation using the fractions by learners as common fractional misconceptions came to the surface this was addressed during the teaching intervention during lesson starter material. However due to the limited time available and weaker relationship experienced between the short time the researcher spent with the research class, these misconceptions were addressed in short and not in depth (Boyadzhiev, 2019) (Fannin et Al, 2014). 
Question 3 (Appendix 4) (Appendix 5) of the pre-teaching intervention diagnostic test and therefore the post-teaching intervention diagnostic test covers “Calculating Expected Outcomes (probability given as a decimal}”.  In the pre-test 44.5% (to 1 decimal place) of learners were able to correctly answer this question, in the post-test 66.7% (to 1 decimal place) of learners correctly answered this question. The 22.2% attainment increase show that despite the misconceptions seen regarding the multiplication of integer and decimal values (Thipkong and Davis, 1991) as a transferable skill within mathematics (Cohen, Smith et al., 1996) and limited understanding of the effect of sample size to provide reasonable answers, as learners propose a val.ue of expected outcomes greater than total trials. (Lantz 2012) (Falk, Falk, Levin, 1980) The teaching intervention used to allow learners to properly rationalise and understand the sample size as well as learners being reminded of decimal multiplication techniques (Steinle & Stacey, 2004) and their own prior knowledge. As the information is repeated at intervals to insure greater retainment in the long term. (Finkenbinder, E. (1913)) 
Question 4 (Appendix 4) (Appendix 5) of the pre-teaching intervention diagnostic test and therefore the post-teaching intervention diagnostic test covers “Construction and completion of a probability tree diagram  In the pre-test 0.0% (to 1 decimal place) of learners were able to correctly answer this question, in the post-test 37.0% (to 1 decimal place) of learners correctly answered this question. This increase of 37% shows an improvement in responses, this improvement in response was also seen in the incorrect responses as learners were able to more genuinely and mathematically accurately attempt the questions. The learners were able to access the question on the post-teaching intervention diagnostic tests as they were now able to fully access the specific probability terminology used in the question and on the scheme of work (Appendix 2). (Lionel, Pereira-Mendoza 2002). The initial responses on the pre-teaching intervention diagnostic tests saw learners draw diagrams as the focused on the word “tree” with little to no regard for the mathematical context and probability context of the test. 
Question 5a and 5b (Appendix 4) (Appendix 5) of the pre-teaching intervention diagnostic test and therefore the post-teaching intervention diagnostic test covers “Calculating the probability of consecutive events without replacement” these two questions can be discussed simultaneously as they are the same mathematical process simply covering two separate events. For question 5a, In the pre-test sees 0.0% (to 1 decimal place) of learners were able to correctly answer this question, in the post-test 18.5% (to 1 decimal place) of learners correctly answered this question. While in the pre-test for question 5b 0.0% (to 1 decimal place) of learners were able to correctly answer this question, with 25.9% (to 1 decimal place) of learners correctly answered this question in the post-test. The attainment increases of 18.5% and 25.9% for question 5a and 5b respectively implies that while the teaching intervention for consecutive events was effective for some learners who were able to accurately apply the probability tree diagram technique for answering these questions. There are some learners who required additional intervention to facilitate the understanding of this method (Boyadzhiev, 2019) (Lionel, Pereira-Mendoza, 2002) (Lantz, 2012) (Shaughnessy 1977, 1992). 
Question 6a (Appendix 4) (Appendix 5) of the pre-teaching intervention diagnostic test and therefore the post-teaching intervention diagnostic test covers “Calculating the probability of a single event with the use of a sample space diagram”.  In the pre-test 59.3% (to 1 decimal place) of learners were able to correctly answer this question, in the post-test 66.7% (to 1 decimal place) of learners correctly answered this question. The attainment increases of 7.4% shows that the teaching intervention strategies used for this question was flawed as was the question though indicating towards the most effective method did not ensure learners used it as a method of calculation. The intervention would have been more effective given greater time and given greater clarification of sample space diagrams, their effect on sample size and their use (Lionel, Pereira-Mendoza, 2002) (Falk, Falk, Levin,1980).
Question 6b (Appendix 4) (Appendix 5) of the pre-teaching intervention diagnostic test and therefore the post-teaching intervention diagnostic test covers “Calculating the probability of two simultaneous events with the use of a sample space diagram”.  In the pre-test 0.0% (to 1 decimal place) of learners were able to correctly answer this question, in the post-test 29.6% (to 1 decimal place) of learners correctly answered this question. Similarly, to question 6a, the intervention was based around improving the learners’ understanding of key terminology and developing their understanding of sample spaces (Lionel, Pereira-Mendoza, 2002) (Falk, Falk, Levin, 1980).
Misconceptions such as the learners’ use of belief to make mathematical decisions and their idea of luck or lucky (Fischbein, Gazit, 1984) (Khazanov & Parado, 2010) affecting their decision making was not apparent from the pre-teaching intervention diagnostic test and the post--teaching intervention diagnostic test. However this was seen during Lesson 2 which had the lesson objective that “By the end of the lesson we will be able to use sample spaces or a list of outcomes to answer questions about probability.” As they experienced difficulty understanding the use of listing without judgement or expectation. The expectation of positive (Fischbein, Gazit, 1984) and negative regency respectively were seen during Lesson 4 with the lesson objective “By the end of the lesson we will be able to conduct a probability investigation.” (Maskarinec & Brown, 1974) (Gurbuz, Erdem, First, 2013). As Learners expected certain outcomes as they rolled dice and flipped coins repeatedly to collect experimental data. This lesson also saw issues as learner’s disbelief in the randomness of samples as results, by definition, were unpredictable and occasional repetitive. (Barnes, 1998) (Kahneman and Tversky, 1972) (Shaughnessy 1977, 1992). 



Conclusion 
In conclusion, the teaching intervention used to combat the misconceptions seen during the research period, from the pre-teaching intervention diagnostic test, was successful for a majority of learners as the attainment of the class increased by 37.0% (to one decimal place) for those achieving 50% or more and the increase of 48.1% of learners achieving 70% or more. The average mark increases from 4 (to one significant figure) to 6 (to one significant figure) out of the possible maximum mark of 10. However, this improvement is of a small margin over all and would benefit from further development of the research process, class dynamic and testing procedure. This increase is also not seen unilaterally across all learners as 29.6% (to one decimal place) of learners experienced no benefit from the intervention or saw an adverse effect of the intervention on their understanding of probability and the mathematical processes used to answer the questions on the pre-teaching intervention and post-teaching intervention diagnostic tests. 
Overall the misconceptions seen during the research period with the 27 learners in the set 2 year 8 class at school X did line up to the misconceptions found in the literature with specific prominence of the terminology driven misconception discussed by Lionel and Pereira-Mendoza in 2002, as learners would draw erroneous conclusions from colloquial understanding of mathematical terminology, leading to misguided attempts to produce a solution for a question. 
Learners also show large scale susceptibility to mathematical operation misconceptions that led to erroneous attempts within the probability questions through misconceptions in other areas of mathematics such as fractional calculations or decimals as well as a lack of understanding regarding the transferable nature of mathematics within itself (Cohen, Smith et al., 1996) (Boyadzhiev, 2019) (Steinle & Stacey, 2004) (Thipkong and Davis 1991).
The teaching intervention strategies used to combat cognitive conflict within learners and the misconceptions that they have of probability and the wider mathematical processes required to calculate and solve problems surrounding probability were marginally effective due to the attainment increases discussed above. However, an attainment increase across all of the questions included on the pre-teaching intervention and post-teaching intervention diagnostic tests was not seen (Greene, Nystorm, Engell, Darley and Cohen (2004)).  This allows the author to conclude that the provisions made as the researcher and lead in the teaching intervention, as well as the modularised nature (Appendix 2) by which the teaching intervention was directed to take place as to best adhere to School X’s policies and academic responsibilities (Appendix 3) were not inducive to wider attainment improvement. This stems from the standalone nature with which the research was conducted and the professional teaching relationship that exists between learners and teacher. This disparity in attainment improvement illustrated the varied processes needed within probability. 

Limitations and Further Developments 

The limitations of this document and the research conducted at School X are the gender imbalances within the year 8 set two research class as of the 27 learners a majority were female so no conclusive link could be made between the effectiveness of the teaching intervention, general attainment and gender. The small sample size is also a considerable limitation as the conclusions made in this paper are of an extremely small scale when compares to the similar research periods and sample sizes used in literature. This limitation could be alleviated in future evolutions of this paper given a greater sample size with gender balance and a control sample to act as a true comparison for the effectiveness of the teaching intervention, however, particularly within the limitations of this paper this is unrealistic as the number of learners available and the gender imbalance is limited by the context of School X. 
The limitations of time both by school policy and the time allocated to the research period by University of Wales Trinity Saint David also led to inaccuracies between the research that was undertaken and the relevant literature. This was due to only 7 lessons being available for the teaching intervention without dedicated reflection time for the researcher, the regular class teacher as an observer and the learners as the researched due to additional academic responsibilities places upon the stakeholders. This additional reflection time would have allowed the teaching intervention to be further developed with greater input from the observer as to the academic needs of the learners. This is difficult to resolve in an active school environment as the academic responsibilities and work schemes take priority to ensure attainment across all areas of mathematics and academics as a whole for learners. 
This limitation to time in turn leads to a limitation in the positive professional relationship between teaching intervention staff (researcher) and the learners as due to a shorter pre-research period, learners were unfamiliar with teaching intervention staff. This limited positive relationship also leads to teaching intervention staff (researcher) to be less familiar with the academic needs of learners and the attainment of the previous work done. This lack of prior academic acquaintance leads to misconceptions within other areas of mathematics needed to compute probability. This means that misconceptions within these other areas became more prominent as other methods are introduced. To remedy this limitation experienced in this research period, the research should be repeated by the sample class’ usual class teacher as this will ensure the positive academic dynamic has already developed and the teaching intervention staff is well aware of prior academic attainment and the particular needs of the learners when using specific operations within mathematics. It is felt that this was an unrealistic expectation due to the timing  of the research period within the academic year and nature of the course at University of Wales Trinity Saint David.  
Further development in this area would benefit from a more specific focus areas as the topic of probability sees other mathematical operations contribute to the understanding of probability in a wider manner than initially considered. This additional focus would allow the misconceptions within a specific area within probability such as the positive and negative regency seen within the collection of experimental data and its comparison to the theoretical data available (Fischbein, Gazit 1984) (Gurbuz, Erdem, First, 2013) (Maskarinec & Brown, 1974).    As this areas would see limited influence of other mathematical processes while still assessing the probability specific misconceptions surrounding this area of study.                                                                                                                               
Appendices 
Appendices 1 to 7 will be sent to University of Wales Trinity Saint David tutors and not attached to this document to ensure confidentiality and anonymity remain in place to protect the researcher, the staff and students at School X and any other stakeholders in this document of any of the relevant documents. This in turn fulfils the commitments made in line with the ethics form completed alongside University of Wales Trinity Saint David. 
· Appendix 1 – School X Estyn Report 2018 
· Appendix 2 – School X Scheme of Work 
· Appendix 3 – School X Probability Marking Grid 
· Appendix 4 – Pre-teaching intervention diagnostic test 
· Appendix 5 – Post-teaching intervention diagnostic test 
· Appendix 6 – Ethics Form 
· Appendix 7 – Research Proposal Letter 
· Appendix 8 – Research Data 
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