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[bookmark: _Hlk514021024]Curriculum Development and Enhancement (Level 7):  Exploration of the impact of a carefully designed scheme of work on pupils’ use of misconceptions in Probability and associated assessment for learning.

Introduction
As part of my PGCE course in Secondary School Mathematics, I am currently working at Bishop of Llandaff Church of Wales High School (BOLHS) in Cardiff. This is a comprehensive school for 11 – 18-year-old pupils and serves the Christian and non - Christian communities in Cardiff. The school has a catchment area consisting of Vale of Glamorgan, Rhondda Cynon Taff and Bridgend (Bishop of Llandaff High School, 2018). Currently, 1,228 pupils attend BOLHS. The school is preforming well above average with 84.8% of pupils attaining 5 A*- C GCSE grades including English/Welsh and Mathematics. At A-Level, 97.3% of pupils obtain at least two A-Levels. The school could be described as having very good attendance with an average of 96.2%. The percentage of free school meals is 8.4% which is lower than the national average indicating that the school has an affluent catchment area (School Guide, 2018). The school recently underwent an Estyn inspection in March. BOLHS achieved excellence across all categories (Estyn, 2018).

I will be completing my action research project with a year 7 class. There are 32 learners in the class and it consists of students with range of Mathematical abilities. Most pupils are targeted at a level 5 at the end of key stage three, with six pupils targeted at a level six. The class contains one pupil with free school meals, seven pupils with special educational needs, four pupils with English as a second language and one more able and talented pupil. 

My action research focuses on misconceptions in Mathematics within the topic of probability. I will be exploring the impact of a carefully designed scheme of work on pupils’ use of misconceptions in Probability and associated assessment for learning. I have chosen this area of research as misconceptions are highly common when teaching Mathematics. The skill of being able to identify misconceptions and eradicate them are good practice for an aspiring mathematics teacher. As a PGCE class, we engaged in several misconception seminars that looked at common misconceptions in several mathematical topics including probability. I have decided to focus on the topic of Probability as this is the next topic in the pupil’s scheme of work. I have decided to limit to one mathematical area as there would be too many common misconceptions to write about if I looked at more than one. 




Section One: Literature Review
In the following section, I will provide a review of research and professional literature relating to the assignment question. The section has been separated into appropriate subsections to structure my findings. 

What is a Misconception? 
The definition of the word misconception varies between context and where you are searching for the definition. The Cambridge dictionary describes a misconception as an incorrect idea due to failed understanding (Cambridge Dictionary, 2018). The Oxford dictionary suggests that it is a wrong view or opinion because of faulty thinking or understanding (Oxford Dictionary, 2018). Both definitions follow a similar pattern, “something” that is wrong because of incorrect understanding. On the other hand, one could argue that the definition provided by Oxford doesn’t differentiate between making a mistake or a fault in conceptual understanding. Faulty thinking could be described as lull in concentration and not fully thinking about the idea which could lead to a mistake. It is apparent that both definitions are not clear cut and too generalised for the context of this assignment (Swan, 2001. Chambers & Timlin, 2013).

Many educational academics of mathematics have given a definition of a misconception within the context of mathematics.  In the 1990s, there was a growth in interest of the nature of pupil’s errors in mathematics and there were attempts made to create an algorithm for such mistakes and look for underlying “misconceptions” (Swan, 2001). A report conducted by Hart (1980) called Secondary School Children's Understanding of Mathematics: A Report of the Mathematics Component of the Concepts in Secondary Mathematics and Science Programme looked at the notion of misconceptions around this time. The report explored developmental psychology with a specific emphasis on the issues of results to the teaching of mathematics in secondary schools. Hart’s basic idea was that if the teacher initially identifies the child’s present understanding of a certain topic, it is then possible to choose experiences that encourage the pupil to progress to a higher level of understanding. (Hart, 1980, 1981, 1984). 

It is difficult to progress further with the notion of Misconception without analysing what is meant by the term understanding. Swan (2001) discusses the metaphor “understanding the concept” in great depth. He discusses that the main role of the teacher is to help pupils interpret mathematical representations and understand the meanings of concepts and relationships. The teacher shouldn’t just explain a new word or symbol but encourage the pupil to create a conceptual framework. A concept isn’t just a singular perception or even the idea if a mathematical object (Sapir, 1970). This structure implies that a concept is organic, it needs to be grown from scratch. An issue with this idea, is that understanding is a spectrum and there is no way of reaching full understanding (Swan, 2001). Educational Theorists don’t tend to like the term as it implies closure rather than something to be developed. One could say that understanding has been reached when there is some sense of achievement of order and peace, the basis of the idea has been understood and digested (Pimm, 1995, Seirpinska, 1994). Upon reflection of this report and the above ideas of understanding, it appears that the term “misconception” could be viewed negatively as it infers that there is a right or wrong way to think (Swan, 2001). He further discusses that a misconception is not wrong thinking but a conceptual construct in development or a generalisation a pupil has made. It is suggested that could be a natural stage of conceptual development. Chambers and Timlin (2013) follow a similar suit and argue that misconceptions are very different from mistakes as anyone can make a mistake even if the underlying concept is fully understood. Mistakes can instead be the result of carelessness or tiredness. Misconceptions are described as systematic errors which continuously produce wrong answers. Pupils who hold a misconception can explain their reasoning, so it is difficult to eradicate the wrong answers just by saying they are incorrect. It is discussed that pupils gain such misconceptions by overgeneralising results they observed in their earlier education.  

The above literature shows that there are various ways to define the term misconception but they all centre on the fact that a misconception is very different from a mistake. Prior to starting any action research, I will need to establish common misconceptions within my chosen topic. The next subsection of the assignment will look at common misconceptions in probability. 

What are the common misconceptions within Probability?
There are several common misconceptions in probability and multiple studies have been conducted globally to identify such misunderstandings. The next sections will explore the results of studies conducted to identify common misconceptions with the topic of probability. For clarity, I have decided to group the studies together which identified a common misconception.

Misconception One: “Gamblers Fallacy”
Shaughnessy (1977) conducted a study called “Misconceptions of probability: An experiment with a small-group, activity-based, model building approach to introductory probability at the college level.” The results found that pupils relied upon availability and representativeness to estimate the likelihood of events. This is described as over-simplifying the problem. The results from this study were supported by hypotheses of Kahneman and Tversky who looked at the notion of the “representativeness heuristic” and the “availability heuristic”. The representativeness heuristic suggests that people can make decisions about the likelihood of an event based upon the previous outcomes or upon how similar the event is to existing sample space that has been generated (Kahneman & Tversky, 1971). Shaughnessy discusses that this misconception is known as this as “Gamblers fallacy.” 

Misconception Two: “Equiprobability” 
A study conducted by Cañizares, M.J. & Batanero, C. (1998) looked at the concept of a fair game. The study looked at 10 to 14-year old pupils and identified their misconceptions with fair games. They found that a high percentage of pupils considered their game to be fair, but many failed to do so by the correct reasoning. The students thought that a fair game is the same as an equiprobable outcome. They suggest that the difficulty is not judging if a game is fair but establishing if there is equiprobability. A further study conducted by Jun (2002) in china investigated the misconceptions of 600 Chinese students and looked at focused teaching intervention to overcome such misconceptions. The study found one of the following probabilistic misconceptions: equiprobability. Equiprobability is the belief that all outcomes are equally likely. This is supported by a study conducted by Bennett and Anway (2004) called Common Misperceptions in Probability among Students in an Elementary Statistics Class. This report described equiprobability misconception as a bias and students who held this bias thought when two dice are rolled, all the sums possible are equally likely. 

Misconception Three: Lucky/ Unlucky Numbers
Another common misconception in probability is the notion of unlucky and lucky numbers. Pupils think that the number 13 is unlucky for example, or you are more likely to roll a 1,2,3,4,5 on a dice and not a six, as six is of more value so harder to achieve. This is supported by the research conducted by Williams, J. and Amir, S. (1999). Their research explored the 11-12-Year-Old Children's Informal Knowledge and Its Influence on their Formal Probabilistic Reasoning.  The study concluded that a pupils probabilistic reasoning was heavily influenced by religious beliefs or superstition. 

Misconception Four: “Anything is possible”
A study conducted in Pisa, Italy by Fischbein, Sainati Nello, and Sciolis Marino (1991) examined factors affecting probabilistic judgements in children and adolescents. The 
subjects were 618 pupils enrolled in six schools within the region Pisa. The main purpose of the investigation was to gain understanding of some of the probabilistic obstacles. They concluded that a large percentage of children had difficulty with the comprehension of the term “certain events” compared to “possible events.” 

Misconception Five: Spinners
Most pupils can answer a question involving spinners with sections of equal angle. As the angle of each section is equal, pupils can apply their existing knowledge of probability and physically count the number of possible outcomes and compare this to the total number of outcomes. This means pupils gain the misconception that the probability is determined by the number of sections. This allows pupils who hold this misconception to incorrectly answer a question with a spinner with sections of different angles. Questions involving spinners with varying angles of sections can be hindered if a pupil has gained misconceptions with writing fractions incorrectly. If pupils are shown a diagram of a shape with three shaded parts and 5 unshaded parts, they may write 3 out of 5 instead of identifying that its 3 shaded out of 8 total parts. (Pratt Nicolson, 2005, Maths Navigator, 2018). 

Since I have identified the common misconceptions within probability. I will now need to research strategies used to combat such misconceptions within mathematics. This will allow me to tailor my scheme of work and my teaching so that I can target identified misconceptions.

What strategies can be used to eradicate a misconception in Mathematics? 
From research, there are many described methods to eradicate a misconception in Mathematics. It appears that just telling a pupil they are wrong will not break the misconception. The pupil will deeply believe their version of understanding therefore a teacher or authoritative figure telling them that they are wrong will not change their mind-set (Chambers and Timlin, 2013). 
The following sections will look at available literature on different teaching strategies to eradicate a misconception. 

Cognitive Conflict: 
One method to remove the misconception is cognitive conflict. This is the method of creating uncertainty in the minds of learners who have generated a misconception. Zaslavsky (2005) describes three different kinds of uncertainty: competing claims, questionable conclusions and outcomes that are difficult to verify. Chambers and Timlin (2013) suggest that this could be a dangerous tactic in a classroom where pupils want the security and confidence to know they are right and therefore they suggest this approach should be taken with care. This approach has been shown to be affective in helping pupils to remove a misconception. For example, Bel, Costello & Kuchemann (1984) used cognitive conflict to compare learning of a range of decimal concepts. One group were taught by the “positive only” strategy which emphasised the use of correct methods and focused of anticipated areas of difficulty. The other group were taught using conflict methods which pushed pupils to expose their misconceptions. This allowed the teacher to identify the misconception and use discussion to eradicate it. The testing illustrated that conflict teaching led to more pupils attaining a correct conceptual understanding of the method. Swan (2001) called this approach diagnostic teaching. Its centred on establishing a pupils initial understanding prior to any new teaching. This allows the teacher to assess the pupils existing conceptual frameworks. Making these concepts explicit allows the removal of existing misconceptions. Reflection after a task allows pupils to share methods and provoke the conflict take place by discussion. This gives the pupils the opportunity to confront any inconsistencies. Teachers need to conclude with a discussion to formulate new concepts and methods. After this stage, there needs to be an opportunity for the pupils to consolidate their new learning. This work was developed by Askew and William (1995). They found that more effective learning took place when conflict was created and resolved using discussion (Askew & William, 1995, Reynolds & Muijs, 1999). This is promoting relational understanding of the topic which can be a positive when eradicating misconceptions and deepening conceptual understanding (Skemp, 1876.  Sierpinska, 1990). Furthermore, according to the National Strategy guidance (DfES, 2002. Dumma C. Mapolelo, Mojeed K. Akinsola, 2015) there are two concrete ways in which teachers can act on misconceptions in the classroom. Teachers can discuss the misconception prior to the misconception taking place and alert pupils to not make that misconception by showing pupils why that thought process is wrong and modelling the correct method. 

Metacognition: 
Like the idea of cognitive conflict is the concept of metacognition. This is the learner’s ability to monitor and evaluate their own learning by thinking about their thought process. Research has shown that mathematicians encounter problems when there is conflict between their prior understanding and new knowledge (Flavell, 1979. Chambers and Timlin, 2013. Merenluoto & lehtinen, 2004, Carr, 2010). When a learner cannot resolve the conflict, they will return to prior learning that is simpler. Teachers who encourage metacognition with their pupils as a method of giving learners the tools to evaluate and monitor their own understanding (Schneider & Artelt, 2010. Chambers and Timlin, 2013). It is suggested that learners of varying abilities gain from metacognitive instructional procedures. It is believed that large gains in conceptual understanding an unattainable without some degree of metacognition (Schneider & Artelt, 2010). The influence of metacognitive theory is more prevalent in teaching today. One such strategy for achieving this is group work. Pupils construct their ideas and articulate them. The opportunity is given for them to share the idea with other groups so that they are challenged and built upon. A teacher can achieve this level of conversation by generating a problem that will cause disagreement (Chambers &Timlin, 2013).  

The role of discussion in learning:
The role of discussion in learning can help to eradicate a misconception in multiple ways. The role of discussion was highlighted in the previous sections with cognitive conflict and metacognition, however there are other strategies besides this that involve discussion. Teachers use the strategy of allowing the misconception to take place and using it as a talking point. There are advantages and disadvantages to such a strategy. Swan (2001) indicates that developing this strategy and carefully designing activities to create misconceptions can be beneficial to the student. These activities involve posing questions which allow the pupils to disagree and encourages discussion allowing social constructivism to occur. Social constructivism is a learning theory proposed by Piaget (1975). Piaget (1975) believes pupils need time to interact with their environment so that they can construct new concepts by assimilation, the absorption of new ideas, and accommodation, the modification of such ideas. Designing activities as Swan (2001) suggests that allow discussion and investigation to occur gives the opportunity for pupils to discover their own learning. The teacher can then reflect on these discoveries, highlighting any misconceptions when they arise. One issue with this strategy is that pupils can get confused between the correct and incorrect method. This fear was described by Swan (2001) who suggested that teachers were afraid of illustrating a common misconception on the board for fear that the mistake could spread as if it were contagious. Swan (2001) believes “prevention is better than cure.” This is supported by the DfEE (1998) which requires that all potential teachers must be trained to recognise and prevent common pupil misconceptions prior to them appearing.  Vygotsky (1987) criticised this approach and didn’t like Piaget’s concept of promoting continual conflict among pupils. He preferred the notion of novice learners learning from expert (teacher or lead learner), through discussion. This would allow the novice student the “zone of proximal development (ZPD).” Vygotsky believed the most effective learning happened between unequal’s. This type of approach is seen to be controversial among academics (Tudge & Rogoff, 1999). Such academics discuss the idea that Piaget ideas were centred around movements in cognitive perspective whereas Vygotsky focussed on the development of thinking skills.  

In summary, strategies to combat misconceptions are centred around discussion which encourages the pupil to gain conceptual understanding by evaluating and reflecting on their current learning instead of just accepting it. 

How will the review of research and literature influence my teaching? 
Since establishing a definition for the term misconception within the context of Mathematics and broadly at a wider context, I know feel comfortable and secure in my knowledge to identify such a misunderstanding whilst teaching. The identification of common misconceptions within my chosen topic: Probability, allows me to tailor my teaching using the strategies discussed to target such misconceptions. I aim to produce a carefully designed scheme of work which will include such strategies discussed: Cognitive Conflict, Metacognition, Discussion and focus on eradicating such common misconceptions. Prior to teaching, I will need to use a research method to highlight key misconceptions among my year 7 pupils so that I can structure my teaching to target the misconceptions they specifically have. It will also give the class the opportunity to highlight any other less common misconceptions. 




Section Two: School Policy and Practice
I will now examine the departmental guidance for teaching Probability and current required practices whilst teaching the topic. This document will be compared to my current reading to see how it may or may not link to research and literature. At BOLHS, teachers use the scheme of work shown in figure one to organise and structure their lessons when teaching probability. I will be referring to this figure throughout this section.
[image: ]Figure 1 - BOLHS Scheme of Work for Year 7: Probability.


The scheme of work focuses on conceptual understanding shown using All, Most and Some Objectives.  This links directly with my reading which discusses the importance of developing conceptual understanding among pupils. Conceptual understanding allows pupils to understand the maths behind the method and the “All, Most, Some Objectives” indicate that pupils build upon prior knowledge and develop their understanding. This links directly to Swan’s Diagnostic teaching approach. (Swan, 2001. Chambers & Timlin, 2013). This ensures that all learners progress and are challenged, ensuring all pupils reach the zone of proximal development (Vygotsky, 1987). 

The “All, Most, some objects” also provide clear differentiation. This doesn’t directly link to my readings however there is a small link. Differentiation is important so that all pupils reach the objective for the lesson. By differentiating each task, I can ensure that the strategies I have discussed will be effective to each pupil. Differentiation is key for all pupils to thrive within each lesson, so scaffolding in the way I vocalise questions and create the resources to target misconceptions will be provided so that students can have the opportunity to strive against such a strategy (Tanner & Jones, 2000. Chambers & Timlin, 2013)

The assessment opportunities in the form of peer and self-assessment gives the opportunity for peoples to reflect on their thinking allowing for metacognition to take place. This directly links to my readings on metacognition which as discussed it the evaluation of one’s own thought processes (Black & William, 1998). The assessment also provides the opportunity for cognitive conflict to take place as pupils can highlight their misconceptions allowing the teacher or lead learner to intercede. Peer – assessment allows Piaget social constructivism learning behaviour to take place and allows the pupils to consolidate their ideas through discussion (Swan ,2001). The class discussion element of the scheme of work also allow for metacognition and social constructivism to occur. Lead learners can help current low attainer’s to reach their zone of proximal development as discussed in review of my reading (Vygotsky, 1987). 

Another section in the scheme of work also directly links with my readings on Metacognition. The section discusses the use of activities as a strategy to promote this thinking to gain conceptual understanding and to target misconceptions. The use of questioning as a strategy to ensure conceptual understanding is also discussed in this section. This was discussed in the literature review under social constructivism and cognitive conflict (Swan, 2001). The questioning within the classroom follows Blooms Taxonomy to push and challenge the learners. The questioning allows the teacher to assess the progress of the individual pupil and develop their conceptual understanding (Anderson & Krathwohl, 2001). 

All lessons follow a similar format at BOLHS. The lesson must begin with a starting activity which revised prior knowledge. Then, the objectives are displayed and discussed with the class. There is a five to ten-minute exposition where pupils discover new knowledge and discuss what excellence looks like in the form of an example. Pupils must use this knowledge and example to complete a practice task. The practice task is then reflected on and evaluated against the excellent example. Pupils must self – differentiate and choose an extension task that reflects their ability. A plenary activity consists of one small task to reflect on the lesson learning. This learning is then compared with the lesson objectives (Tanner & Jones, 2000. Chambers & Timlin, 2013).

Overall, the scheme of work provided by BOLHS Mathematics departments illustrates strong links to that of my reading. This is encouraging for when I plan my lessons using elements from this structure. 





Section Three: Methodology & Ethics
Considering my evaluation of reading and school policy and practice, there are several methods that I can employ to conduct my action research. Some methods include questionnaires, interviews, test results, pupils work and lesson observations (Cohen, Manion & Morrison, 2011). Upon receiving guidance from the university, the main method that I have chosen to explore my research question is the use of Pre and Post Testing. This will be in a questionnaire format consisting of 10 questions which will be designed to identify a common misconception found in my readings. I will also use lesson observation feedback from my mentor and evaluate pupils work as further methods. I will now look at research methodology literature to enhance my understanding of these different techniques so that I can use it as an effective tool for my action research. 

Pre and Post – Testing: 
Pre- testing and post-testing is used in a variety of contexts in advertising, medically and in education. It is a method to acquire data on two separate occasions to analyse whether an intervention or technique has made a difference. Overall, there are two types of Pre-and Post- test designs. The first type of Pre and Post-Test is when a subject is measured on two separate occasions and the researcher wishes to establish if there is a change between the first and second measurement. This type of study is would be described as uncontrolled as there in no control group to compare the data with, so it is impossible to establish whether the intervention made a difference or there was unreliability with the measuring instrument. The second type of test follows a similar nature to the first type, however in this test, a control group is included to remove the unreliability of the measuring equipment. A benefit of this type testing is the fact that it provides a baseline assessment, allowing comparisons to be made after the intervention has taken place. On the other hand, an issue could be the need for a control group if I were to use the second style of Pre and Post -Test. This needs time and the difficulty is finding a control group that is like my current year 7 class. Since I only teach one year 7 class, I do not have access to such a control group. A further benefit of this research method is that the Pre and Post- test will be in a questionnaire format. Questionnaires are widely used tool for collecting survey information. The data is usually numerical and easy to extrapolate from the a well written questionnaire and can be easily compared to the data found before if the Pre – Test questionnaire is the same. The format can also be administered without the researcher being present which is a further benefit to the action research. The benefits are balanced with negatives. A lot of time needs to be taken to develop such a questionnaire. In this context, the questionnaire that is going to be used for the pre and post- tests needs to identify common misconceptions and therefore research was completed to know what types of questions could achieve this identification. A further negative that is that the questionnaire lacks flexibility. The questionnaire will be developed from my current research, this means if I come across any different misconceptions within my teaching or from other professionals, I will not be able to test for them in the Post - Test because I cannot change this as I need to ensure that I have comparable data at the end of my action research. There are also several ethical issues with this type of research methodology, a questionnaire could be described as an invasion into a person’s life. The Researcher needs to use care when designing a questionnaire so that they are sensitive, and it doesn’t threaten the subject in any way. Subjects cannot be forced into completed the questionnaire and the data collected must be kept confidential and not used for any other purpose than that for which its intended (Cohen, Manion & Morrison, 2011. Coe, Waring, Hedges, Arthur, 2017. Somekh, 2006).

I have chosen these research tools to examine my question because they are the most applicable to the school policy on delivering the topic of probability and adhere to the guidance provided from the university. The action research has a small window of opportunity to be completed and the Pre and Post Test is the only option to fit this time frame. The test will contain 10 questions specifically designed to highlight a misconception discussed in the first section of this action research assignment (a copy of this will be included in the appendix).  There are several benefits to the research methodology which were discussed thoroughly in the above review. The ethical limitations which were highlighted above and the ethical considerations when storing data have been discussed in a separately submitted ethics form. In accordance to the ethics considerations, all pupils have signed an agreement which agrees to their data to be used for this action research assignment. This has been attached in the appendix. The Pre and Post Test will be the same in nature and contain the exact same questions, so that the data is comparable and any gains from the intervention can be analysed. The pre-test will be delivered prior to the first lesson of the scheme of work. This will be marked before the scheme of work starting, however feedback or marks will not be given to the pupils as the exact same test will be used. Pupils will be assigned a number to ensure that they stay anonymous during the study. If the pupil would like to withdraw from the study the may by revealing their number. 

The test consists of a mixture of multiple choice and written questions. The first question of the test (Question One) is designed to highlight the misconception of spinners and writing probabilities as a fraction. This misconception was discussed in my prior reading and I have decided to explore this misconception with my year 7 class. The second question (Question Two) focusses on the misconception called gamblers fallacy. The idea that the previous events predict the future outcome. The question looks at flipping an unbiased fair coin. The question is split into two parts. The first part highlights the misconception and the second part allows the pupils to explain their reasoning so that I can firstly see if they have any conceptual understanding rather than it being a guess and it also establishes a reason for that misconception. Question three looks at the idea of lucky numbers/unlucky numbers and establishes whether that has an impact on pupil’s ideas of probability of success when playing snakes and ladders. There are two parts to this question so that the pupils can explain their reasoning. Question Four focuses on the pupil’s ability to express a probability as a fraction and the notion of impossibility. Question Five is designed to identify the misconception of Equiprobability. Question Six explores the idea of impossibility further and identifies if pupils have gained any misconceptions around the idea of impossibility. 




Section Four - Evaluation: 
I will now explore my sequence of lessons making links between my practice and the reading which underpins it. I will evaluate each task, resource and approach with reference to reading. After evaluating each lesson, I will examine my results and evaluate the effectiveness of the teaching strategies I employed to target misconceptions. 

All the lessons, I prepare follow a similar structure. This structure is required by the school. I begin the lesson which a starter activity which recaps prior knowledge and revises key skills needed for the lesson (Chambers & Timlin, 2013). The ALL, MOST, SOME lesson objectives are displayed either during the starter activity or straight after so that pupils can self-evaluate their own progress against these objectives (Haggarty, 2002). These objectives are colour coded so that pupils can self - differentiate during the lesson (Chambers & Timlin, 2013). Key terminology is usually displayed on the slide at this point so that pupils can learn the subject specific terminology. Subsequently, the new knowledge is then developed during the exposition where key terms are defined, and new knowledge is explored through questioning and examples (Chambers & Timlin, 2013, Tanner & Jones, 2000. Haggarty, 2002). Pupils then get the opportunity to practice this knowledge with a task or worksheet. This knowledge it then consolidated in the starter activity the following lesson. 

Lesson one - Probability Scales:
Adhering to the school’s scheme of work, the first lesson looked at the concept of probability and introduced the likelihood scale to the pupils. My first activity of the lesson was for pupils to complete a think, pair, share activity which required them to define the term probability and the extension required them to think about how we measure the probability of an event happening. The starting activity allowed the pupils to develop their knowledge through discussion which is supported by Piaget’s learning behaviour of social constructivism (Piaget, 1975. Swan, 2001, Tanner & Jones, 2000). The ideas were mapped on the whiteboard which acted as a live learning board throughout the lesson. The live learning board is an effective tool to encourage pupil’s confidence and display the classes ideas. On reflection, all ideas are mapped onto the board some of which were incorrect. This means that some pupils could have picked up a misconception, this fear was discussed by Swan (2001) in my prior reading. The concept of the likelihood scale was then discussed with the pupils and examples of events and their place on the likelihood scale where explored with the pupils. The use of examples allowed pupils to put their learning into context. Pupils then practiced their learning by discussing the place of other events with their partners. The live learning board was also updated and challenged with the pupil’s new knowledge. This activity worked well as it allowed pupils to evaluate their own learning, this allows metacognition to arise (Swan, 2001, Chambers & Timlin, 2013). The pupils then chose and completed a worksheet of similar questions to practice and consolidate their learning. These worksheets were differentiated according to the lesson objectives colouring system so that pupils can self- differentiate and choose the most appropriate activity by evaluating their progress against the lesson objectives. This is scaffolded for the current low attainers using discussion (Chambers & Timlin, 2013). The final activity of the lesson was a plenary activity which looked at an exam style question on likelihood scales which encouraged pupils to think about expressing probabilities numerically. The pupils progress was also evaluated against the lesson objectives. The plenary activity allows pupils and the teacher to recognise their progress against the learning objectives. Upon reflection, the approach I took this lesson achieved the lesson objective, however during my exposition when discussing examples and their place on the likelihood scale, I failed to highlight a key misconception that a pupil made to the class, the chance of sun or rain in the day is 0.5.  This meant I didn’t use one of the strategy of cognitive conflict discussed in my research as effectively as I could have done (Swan, 2001). 

Lesson Two: Expressing as a fraction 
The second lesson focussed on writing probabilities numerically. The starting activity revised the likelihood activity and illustrated its similarity to the probability scale. The nature of the activity allowed current low attaining pupils to revise and consolidate their knowledge of the previous lesson but also challenged the current high attaining pupils as it required them to map numerical probabilities on to the probability scale. The activity was successful in consolidating the knowledge of the pupils and successful at developing it (Chambers & Timlin, 2013. Swan, 2001. Tanner & Jones, 2000).  The exposition discussed the knowledge gained from the starting activity which was that probabilities lie on a scale between zero and one and that probabilities can be written numerically as a fraction, decimal and a percentage. The knowledge of the pupils was then developed by looking at an example of flipping a coin where the pupil’s prior knowledge meant that they knew the answer. This allowed me to use blooms taxonomy to challenge the pupils understanding effectively using questioning (Anderson & Krathwohl, 2001). This worked well as the class where able to develop their conceptual understanding of the topic which built on prior knowledge (Haggarty, 2002. Skemp, 1976).  The pupils could then write the probability of such an event as a fraction using the scale as a scaffold (Franke, Kazemi & Battey, 2007). I showed the class a formula which allows them to calculate the probability without the need of drawing a scale. This activity allowed the pupils to develop relational understanding rather than instrumental. This shows close links to my readings which discussed the effectiveness of conceptual understanding to remove and prevent misconceptions (Swan, 2001). The pupils then used the objectives to evaluate their learning and self- differentiate to choose a worksheet that was most appropriate to their current learning. The plenary activity was a question which looked at spinners and how to express the probability of an event using spinner. I used questioning based on blooms taxonomy as an effective technique to encourage metacognition to take place (Schneider & Artelt, 2010).  Using the results from the pre-test, I highlighted the spinner misconception and used cognitive conflict to combat the misconception. I used my lead learners to explain to me why the thinking of learner holding the misconception was incorrect (Chambers & Timlin, 2013. Swan, 2001. Askew & William, 1995, Reynolds & Muijs, 1999)

Lesson Three: Listing Outcomes
This lesson looked at the concept of listing outcomes to find the probability of more than one event occurring. The starting activity required pupils to revise the knowledge of the previous lesson of expressing probabilities as fractions. This was an effective consolidation task for the pupils as it revised the knowledge they needed for this lesson. (Chambers & Timlin, 2013). The starting activity also challenged the knowledge of the high attaining pupils as it required them to build on this knowledge and think about listing outcomes and mutually exclusivity prior to the teaching of the topic (Haggarty, 2002). The exposition looked at a familiar example of flipping two fair coin. I used questioning to encourage pupils to list the outcomes and see the outcomes where they would be successful with obtaining two heads (Anderson & Krathwohl, 2001). The example provided the opportunity to discuss two methods with the pupils of finding the probabilities of combined events. Upon reflection and discussion with my mentor, I can see that I failed to teach this element relationally and didn’t discuss my reasoning behind my second method of multiplying the probabilities (Skemp, 1976).  I had the opportunity to discuss independent events and the “and rule” with the pupils. The use of the second method also steered pupils away from my lesson objective which was to list outcomes to find the probability of the outcome. The differentiated worksheets were constructed well and built on the knowledge of the exposition and the super challenge worksheet also pushed the current high attainer’s and MAT pupils (Tanner & Jones, 2000. Chambers & Timlin, 2013). Upon reflection this task would have been more successful had my explanations in the exposition had been focused on developing relational understanding (Skemp, 1976). The lessons activities over ran which meant that pupils did not have the opportunity to reflect on their own thinking and learning, this meant that there was a failure of metacognition to take place (Swan, 2001. Askew & William, 1995, Reynolds & Muijs, 1999)

Lesson Four: Estimating Successes
This lesson focussed on the concept of estimating the number of successes of an outcome. The starting activity was a GCSE style question which required pupils to reflect on their current knowledge of probability. Most pupils over complicated the activity and did not read the question correctly. This meant that most pupils didn’t achieve the objective of the activity. In the future, I will highlight key words and use scaffolding so that all pupils can access the activity. The exposition first looked at a familiar example of flipping a coin so that pupils could build on their knowledge and gain relational understanding. Questioning was used to develop this understanding. This example then allowed the whole class to develop a formula for how to calculate the estimated success of an outcome. The pupils then had the opportunity to test their knowledge in a similar example. This allowed pupils to consolidate their learning from the exposition and map their understanding against the learning objectives prior to self-differentiating. Overall, the differentiated worksheet tasks lacked an appropriate level of challenge for the high attaining pupils. Upon reflection with my mentor prior to the lesson the resources didn’t consolidate the learning from the exposition and didn’t challenge the learning of the pupils. The plenary activity was designed to specifically target misconceptions through metacognition and cognitive conflict. Pupils had to reflect and challenge their own learning and say how the “pupil” had made the mistake. The pupils had to discuss their reasoning and challenge the ideas of others and develop the understanding of their peers with their own reasoning. This was a successful strategy in combatting any misconceptions gained from the pupils and consolidated their current learning of the topic (Chambers & Timlin, 2013. Swan, 2001. Askew & William, 1995, Reynolds & Muijs, 1999)


Lesson Five: Sample Spaces
The use of a sample space diagram was developed from the pupil’s prior knowledge of listing outcomes. I had planned to use the example of flipping two coins as a foundation for developing the notion of a sample space diagram. This had the intention of developing the pupil’s prior knowledge and promoting relational understanding of the topic (Haggarty, 2002). The activity then required the pupils to complete their own sample space diagram in stages. This meant that I could monitor their progress at each step and intervene when necessary to prevent any misconceptions taking place. The plan was to show the pupils how to interpret the diagram and find the probabilities of combined events. The pupils then had a worksheet to complete on drawing and interpreting sample space diagrams. The worksheet tasks were differentiated according to the lesson objectives so that the pupils could choose the questions most appropriate to progress their learning. The plenary activity which reflected on the sample space for rolling two dice consolidated the learning for the lesson and this was going to be used as a measure against the learning objectives. The plenary activity was where I had planned to use cognitive conflict and metacognition as a tool to target a common misconception. (Tanner & Jones, 2000. Chambers & Timlin, 2013. Swan, 2001. Askew & William, 1995, Reynolds & Muijs, 1999) Unfortunately, I was absent for this lesson which meant that the intervention I had planned could not take place as the teacher who covered the lesson decided to do something different to what I had planned. 

Results:
I will now explore the results from the pre and post-test. The following figure displays the average mark for both tests per question:

Figure 2 A graph to show the average mark per question for the Pre and Post - Test

The results from the pre-test illustrated the wide range of ability within the classroom. The highest mark was 9/10 and the lowest was 1/10 showing a range of 8 marks. This meant that some current high attainer’s had very few misconceptions whilst others had most of the misconceptions discussed in the literature review. The mean mark for the class was 50% however due to the wide range of marks this doesn’t truly represent the ability of the class. The question that scored the highest on the Pre-test was question one with 66% answering the first part correctly and 75% answering the second part correctly. This implies that the 66% of the class do not hold the misconception surrounding spinners and 75% identified the angle correctly on the spinner and could express the probability based on this. The question that scored the lowest was question 5 with a percentage of 13% answering correctly. This infers that either most pupils lacked the conceptual understanding to answer the question correctly or held the misconception that all outcomes were equally likely. This is supported by the fact that 82% of pupils chose this option of equally likely over the correct answer. Another question that had a large percentage of pupils answering incorrectly was question 4a, 69% pupils failed to express the probability correctly and wrote the total outcomes as three ignoring the number of marbles in the bag and just counted the colours. This shows a complete lack of conceptual understanding surrounding probability and a further misconception surrounding fractions. 50% of pupils answered question 4b correctly but few answered this correctly with the wrong understanding which was shown in part a of the question. These pupils observed that there were zero orange and deduced the probability from that. 

The results from the post -test support the intervention overall. Only two pupils out of 32 pupils had scores that decreased in comparison to the pre-test. Most pupils went up an average of 3 marks, with one learner increasing by 7 marks. The mean mark for the post test was 81%. The lowest mark was 5/10 and the highest mark was 10/10 showing there to be a range of five marks. The question that showed the largest gain was question 4a with 88% of pupils now answering this question correctly in comparison to 31% initially getting this question correct. This shows that these pupils have gained conceptual understanding and can know express probabilities numerically. Another question that made a large increase was question 3. Initially, 41% of pupils answered question 3a correctly, holding the misconception that some numbers were “luckier” than others. After the intervention, 88% of pupils were able to use their knowledge of expressing probabilities numerically to answer the question showing their contextual understanding. A misconception that didn’t gain from the intervention was question 5 which looked at the misconception of equiprobability. Initially, 13% of pupils answered this question correctly. After the intervention this fell to 9%. A potential reason for this is that the intervention planned was not executed due to my absence. 

Further data relating to the Pre and Post Test can be found in the Appendix. 


Section Five - Conclusion:
Overall, my findings support the notion of misconceptions with in mathematics. My action research shows that misconceptions do occur within the topic of probability and the use of diagnostic testing to identify misconceptions and designing a scheme of work to target such misconceptions generates a positive outcome for the removal of such misconceptions. My existing research found that there are five common misconceptions within the topic of probability: Gambler’s Fallacy, Equiprobability, Lucky/Unlucky numbers, anything is possible and spinners (The probability is based on the number of outcomes rather than the sector sector). 

The first question on my diagnostic test focused on the common misconception surrounding spinners. The common misconception was that the probability depended on the number of outcomes rather than the sector area (Pratt Nicolson, 2005, Maths Navigator, 2018). The results from the two pre-test questions showed that 66% of pupils answered part “a” correctly and 75% of pupils answered part “b” correctly. This shows that at least 66% of the class understood the question and did not hold the misconception. The pupils who got part “a” incorrect, but “b” correct evidently did not hold the misconception but had difficulty with the expression of probability as a numerical value. The intervention for this misconception was employed during the second lesson of the scheme of work which looked at expressing probabilities as fractions. Discussion and cognitive conflict was the main intervention strategy used to target such a misconception (Swan, 2001 & Piaget, 1975). This intervention was used in the plenary activity which looked at a question on spinners. The results from the post-test show that the intervention worked for most pupils with 92% getting part “a” correct and 100% getting part “b” correct implying that the intervention worked. 

The second question of my diagnostic test was designed to identify the misconception of gamblers fallacy (Shaughnessy 1977, Kahneman & Tversky, 1971). The results from the pre-test showed that 66% of the pupils got the question correct with only 60% doing so because of the correct conceptual understanding. The intervention for this misconception was cognitive conflict and metacognition (Swan, 2001. Piaget, 1975). This was employed during the lesson on listing outcomes which looked at the notion of independent events through the example of tossing two fair coins and the teaching displayed that the previous events had no impact on the future events. The intervention worked with only 11% of pupils getting the question wrong on the post-test. This is supported further by the fact that 91% of pupils had the correct conceptual understanding to access this question but failed to answer it correctly. 

The third question of my pre-test found that 41% of pupils lacked the conceptual understanding to access the question, with 50% having the correct reasoning (one out of six outcomes) but then applied this reasoning incorrectly.  The question was designed to assess the pupils current understanding of probability and see if unlucky/ lucky numbers had an impact on their judgement of probability (Williams & Amir,1999). Upon reflection, this question was poorly designed to highlight such a misconception with only a dew pupil indicating that they held such a misconception with a worded response. The lack of conceptual understanding for this question was addressed in the second and third lesson of the intervention (Haggarty, 2002). The notion of unlucky numbers was addressed in the first lesson whilst looking at probability scales and likelihood scales and cognitive conflict (Swan, 2001) was the strategy used to show pupils the flaws in their understanding. In the post -test pupils showed that the conceptual understanding and their application of such understanding correctly had increased with 84% answering part a correctly and 88% having the correct understanding to be able to answer part b correctly. 

The fourth question looked at the notion of impossibility and equiprobability. The pre-test showed that 31% answered part a correctly highlighting the lack of conceptual understanding to access the question. The answers to this question supported the misconception of equiprobability as pupils did not consider the number of different coloured marbles just the fact that they were 3 different colours (Cañizares & Batanero, 1998. Bennett and Anway, 2004. Jun 2002). The post-test showed that the intervention of cognitive conflict, tailored discussion and metacognition within the second lesson worked with 88% having the correct understanding to answer the question correctly. (Tanner & Jones, 2000. Chambers & Timlin, 2013. Swan, 2001. Askew & William, 1995, Reynolds & Muijs, 1999). The second part of the question looked at the idea of impossibility within mathematics, 47% answered this question correctly on the pre-test and 61% of pupils answered this correctly on the post test. This highlights that the intervention within the first lesson to remove the misconception of anything is possible (Fischbein, Nello & Marino, 1991) gave a few pupils the required understanding to answer this question correctly, but few held onto this misconception or lacked the relevant understanding to access this question. 

Question five developed further into the identification of the misconception of equiprobability (Cañizares& Batanero, 1998. Bennett and Anway, 2004. Jun, 2002). The pre-test found that 87% of pupils potentially held the misconception that all events where equally likely supporting the misconception of equiprobability. To answer this question correctly pupils would have needed to draw a sample space to correctly identify the most likely score. The intervention for this misconception failed as I was absent for that lesson. This was supported results of the post-test showing that only 9% of pupils answered this question correctly implying that they have gained a misconception.  

Question six took on a more philosophical approach to observe the pupils understanding of impossibility within mathematics. The pre-test showed that 56% of pupils had the correct understanding of impossibility and used correct understanding to support their answer (Fischbein, Nello & Marino, 1991). This showed that 44% of pupils held the misconception that anything is possible. This misconception was targeted during the activities of the first lesson where pupils had to evaluate the likelihood of events. The use of discussion and cognitive conflict was used as the main strategy to target this misconception. The post- test supported this strategy with 75% answering this question correctly with the correct reasoning (Tanner & Jones, 2000. Chambers & Timlin, 2013. Swan, 2001. Askew & William, 1995, Reynolds & Muijs, 1999).

Overall, the results support the intervention: teaching to target misconceptions within probability.  The results show that 30 out of 32 pupils gained from the teaching on the pre and post - test. This suggests the results support that the use of diagnostic testing to identify common misconceptions and the use of intervention strategies: cognitive conflict, metacognition, discussion and the development of contextual understanding to target these identified misconceptions had a positive effect on the year 7 learners. In the future, I will use diagnostic testing to highlight misconceptions within other areas of Mathematics, as the results imply that it was of benefit to the pupils. There were however some limitations for this study which will be identified below. 



Section Six - Limitations and Future Development
There were many limitations with the study that led to issues with the validity of the results. One limitation was the time scale in which to complete the action research. The diagnostic test and intervention happened within my first few weeks of teaching on my second placement. This means that I lacked confidence with my teaching and this was reflected with the activities I chose within the intervention. The activities were adequate and didn’t explore the misconceptions as much as I intended them to do so. This meant there was a lack of opportunity for each intervention to take place as my activities didn’t provide the window for this intervention. 

A further limitation of the study was the validity of the results. There wasn’t the opportunity to have a control class to see if the intervention techniques had an impact on the class. This issue was with validity was highlighted by my analysis of pre and post testing techniques. A further limitation to this study was that one type of research methodology was used to answer the assignment. This could be argued that this wasn’t enough to support such a huge question. Another limitation of the action research was the sample size. Only 32 pupils underwent the intervention. Some could argue this is not a large enough sample size to decide on whether teaching to target common identified misconceptions is effective or not. The action research should be completed with many classes in several different schools or varying catchment areas to see how social beliefs lead to common misconceptions. The class that underwent such an intervention was a mixed ability year 7 class. This means the class had not been taught probability prior to the sequences of lesson which means it’s difficult to decide what was flawed conceptual understanding, lack of conceptual understanding and what answers were guess work. I think that this intervention will be more beneficial to year 8 and 9 class to irradiate any prior misconceptions before the development of new knowledge (Cohen, Manion & Morrison, 2011. Coe, Waring, Hedges, Arthur, 2017. Somekh, 2006, Houser, 2015). 


As part of my NQT year, I will complete another action research assignment. To irradiate some of the issues discussed, I will aim to include more research methods to improve the validity of my results. I will also include a control class so that I can see the impacts of my interventions in comparison to the control class. This will improve the validity of my results. 
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Section 8 - Appendix: 
Appendix One: The Pre-& Post-Test

Name: 
Year 7 Class Test – Probability
· Please read each question carefully. 
· All questions must be attempted, and all workings must be shown.
· You have ten minutes to complete this test. If you finish early, you may turn your test over and read. 
· Please do not panic if you do not know how to answer the question. The teacher wants to see how you answer the question rather than if you answer it correctly. If you cannot answer a question, please say what you find difficult.
Question One: 
[image: ]






(a) What fraction of the spinner is yellow? 
__________________________________________________________________________________
(b) I spin the spinner. What is the probability of obtaining blue? 
__________________________________________________________________________________

Question Two: 
I throw an unbiased coin four times.  My results are shown below: 
	Throw
	Result

	1
	Heads

	2
	Tails

	3
	Heads

	4
	Heads



I throw the coin for the fifth time.  
(a) What am I likely to get? 
· Tails, 
· Heads, 
· Both, 
· Even chance of getting heads or tails.

(b) Explain your reasoning for part (a):
__________________________________________________________________________________

Question Three: 
You are playing a game of snakes and ladders. If you roll a dice and it lands on “six”, you have the opportunity to throw the dice again. 
(a) What is the probability that you get a second throw?
____________________________________________________________________________________________________________________________________________________________________
(b) Please explain your answer:
____________________________________________________________________________________________________________________________________________________________________
Question Four: 
I have 5 marbles in a bag. 3 Red, 1 Blue and 1 Green. I select one at random. 
(a) What is the probability of selecting a blue? 
__________________________________________________________________________________
(b) What is the probability of selecting an Orange?


Question Five: 
I roll two fair dice, what is my most likely total? (Please tick the correct answer). 
 7         
· 2 and 12        
· All totals are equally likely. 
· Other (Please write your suggestion): ___________________________________________________________________    

Question Six: 
Read the following statement: 
“Nothing is impossible, anything is possible.” 
Do you agree or disagree? Explain the reasoning behind your decision. 
Appendix Two: Consent Form
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Participant Identification Number: 
CONSENT FORM
PROJECT TITLE: Exploration of the impact of a carefully designed scheme of work on pupils’ use of misconceptions in Probability and associated assessment for learning.


Name of Researcher:	 Miss K Martin

In the following lessons, we will be following a scheme of work designed to combat common misconceptions within the topic of probability. The pre and post – test will be completed so that the researcher can identify such misconceptions and design a scheme of work to target such misconceptions. 
									         	
Please initial box

1.	I confirm that I have read and understand the information sheet dated for the above study. I have had the opportunity to consider the information, ask questions and have had these answered satisfactorily.


2.	I understand that my participation is voluntary and that I am free to withdraw at any time, without giving any reason.


3.  I understand that any information given by me may be used in future reports, articles or presentations by the research team.


4.  I understand that my name will not appear in any reports, articles or presentations.


5.	I agree to take part in the above study.


________________________	________________	_____________________________
Name of Participant	Date	Signature

_________________________	________________	_____________________________
Researcher	Date		Signature

You may decline to participate in this study. You may end your participation in this study at any time. If you decide to remain anonymous, maintaining your anonymity will be a priority and every practical precaution will be taken to disguise your identity. 

When completed, please return in the envelope provided (if applicable).  One copy will be given to the participant and the original to be kept in the file of the research team at:
School name will be filled in prior to sending to pupils / parents 

NAME & ADDRESS OF RESEARCHER:


SWWCTE
Faculty of Education and Communities
University of Wales Trinity Saint David
Townhill Campus
Townhill road
Swansea
SA2 0UT





Appendix Three – Raw Data from the Pre - and Post – Tests:
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Appendix Four: Resources 

Lesson One: 
· PowerPoint
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· Worksheets
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Lesson Two: 
· PowerPoint
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· Worksheets:
· [image: MCBD19693_0000[1]][image: MCj03120860000[1]]Probability
· 
· Section A
· 
· 1) Write down in your book;
· a)  P(heads on a coin)			
· b)  P(1 on a dice)
· c)  P(2 or 3 on a dice)		
· d)  P(4 or greater on a dice)
· 
· 
· 2) The box to the right contains patterned shapes. Write down;
· 
· P(circle)
· P(spotted pattern)
· P(4 sided shape)
· P(more than 4 sides)
· P(no pattern)
· P(brick pattern)
· P(spotted and more than 1 side)
· P(not a stripy pattern)
· P(not a brick pattern or a plain pattern)
· P(not a triangle)
· 
· 
· 3) A bag contains 100 balls. There are an equal number of red and blue balls. Half the balls are yellow.
· [image: MCj03564430000[1]]
· a) How many of each colour ball are there?
· b) Calculate:
·  i)  P(red)                  
· ii) P(red or yellow)
· 
· 
· Super Challenge Question
· 
· A car salesman has 50 cars to sell. Half of the cars are silver. 10% of the cars are red, and 20% are blue. Of the remaining cars, 3 are black and the rest are green.
· [image: MCj01977990000[1]]a)  Write down the probability of picking each colour of car.
· b)  Half the blue cars have spoilers. What is P(blue with a spoiler)?
· c)  What is P(not black)?
· d) What is P(red or silver)? 


Lesson Three: 

· PowerPoint
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· Worksheets
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Lesson Four: 
· PowerPoint
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· Worksheet:
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Lesson five:
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· Worksheets: 
Worksheets we of a format that couldn’t attached.


A Bar Chart To Show The Percentage Mark Per Question For The Pre and Post Test

Pre-Test	
1a	1b	2a	2b	3a	3b	4a	4b	5	6	66	75	66	60	41	50	31	47	13	56	Post-test 	
1a	1b	2a	2b	3a	3b	4a	4b	5	6	92	100	89	91	88	84	88	61	9	75	Question Number


Mark (%)
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Number

1 2 3 4 5 6 7 8 9 10 Total 1 2 3 4 5 6 7 8 9 10 Total Differen

ce 

1 0 1 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 8 7

2 1 1 0 0 1 1 0 1 1 1 7 1 1 1 1 1 1 1 1 0 1 9 2

3 0 0 1 1 0 0 0 0 0 0 2 1 1 1 1 1 0 0 0 0 1 6 4

4 1 1 1 1

0 0 0 0 0 1 5

1 1 1 1

1 1 1 1 0 1 9 4

5 0 1 1 1 1 1 1 1 1 1 9 0 1 1 1 1 1 1 1 1 0 8 -1

6 1 1 0 0 0 0 0 0 0 0 2 1 1 0 0 1 1 1 1 0 1 7 5

7 0 1 0 0 0 1 1 0 0 1 4 1 1 1 1 1 1 1 1 0 0 8 4

8 1 1 1 1 0 0 0 0 0 0 4 1 1 1 1 1 1 1 1 0 1 9 5

9 1 1 0 0 0 0 0 0 0 0 2 1 1 0 0 1 1 0 1 0 0 5 3

10 0 0 1 1 0 1 0 1 0 1 5 1 1 1 1 1 1 1 1 0 1 9 4

11 0 1 1 0 0 1 0 1 0 1 5 1 1 1 1 1 1 1 1 0 1 9 4

12 1 0 1 1 1 0 0 1 0 1 6 1 1 0 1 0 0 0 1 0 1 5 -1

13 1 0 0 0 0 1 0 0 1 1 4 1 1 1 1 1 1 1 1 1 1 10 6

14 1 1 1 1

1 1 1 1 0 0 8

1 1 1 1

1 1 1 1 0 0 8 0

15 1 1 0 0 0 1 0 1 0 0 4 1 1 1 1 1 1 1 1 0 1 9 5

16 1 1 1 0 1 1 1 1 0 0 7 1 1 0 1 1 1 1 1 0 1 8 1

17 1 1 0 0 1 0 0 0 0 1 4 1 1 1 1 1 1 1 1 0 1 9 5

18 1 1 1 1 1 1 1 1 0 0 8 1 1 1 1 1 1 1 1 1 1 10 2

19 1 1 1 1 1 1 0 0 0 0 6 1 1 1 1 1 1 1 1 0 1 9 3

20 1 1 1 1 0 0 0 0 0 1 5 1 1 1 1 1 1 1 1 0 1 9 4

21 1 1 1 1 0 0 1 1 0 1 7 1 1 1 1 0 0 1 1 0 1 7 0

22 0 0 1 1 0 0 1 0 0 0 3 1 1 1 1 1 1 1 1 0 0 8 5

23 0 0 1 1 0 0 0 0 1 1 4 1 1 1 1 1 1 1 1 0 1 9 5

24 0 0 1 1 0 0 0 0 0 1 3 1 1 1 1 1 1 1 1 0 1 9 6

25 1 1 0 0 0 0 0 0 0 1 3 0 1 1 0 0 0 1 1 0 1 5 2

26 1 1 1 1 1 1 0 1 0 0 7 1 1 1 1 1 1 1 1 0 1 9 2

27 1 1 0 0 1 1 1 1 0 0 6 1 1 1 1 1 1 1 0 0 1 8 2

28 1 1 1 1 1 1 0 1 0 0 7 1 1 1 1 1 1 1 1 0 0 8 1

29 1 1 1 1 1 1 1 1 0 1 9 1 1 1 1 1 1 1 1 0 1 9 0

30 0 0 1 1 1 1 1 1 0 1 7 1 1 1 1 1 1 1 1 0 1 9 2

31 0 1 0 0 0 0 0 0 0 1 2 1 1 1 1 0 0 1 1 0 0 6 4

32 1 1 1 1 0 0 0 0 0 1 5 1 1 1 1 1 1 0 0 0 1 7 2

Average: 0.65625 0.75 0.65625 0.59375 0.40625 0.5 0.3125 0.46875 0.125 0.5625 5.03125 0.9375 1 0.875 0.90625 0.875 0.84375 0.875 0.90625 0.09375 0.75 8.0625 3.03125

Percentage:  66 75 66 60 41 50 31 47 13 56 50 92 100 89 91 88 84 88 91 9 75 81 31
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Test (10 minutes):

« Please read each question carefuly.
« All questions must be attempted and all workings must be shown.

* You have ten minutes to complete this test. If you finish early, you
may turn your test over and read.

« Please donot panic f you do not know how to answer the question
The teacher wants to see how you answer the question rather than if
Youanswer it correctly. If you cannot answer a question, please say
what you find difficult.

+ Extra time: 3 minutes.
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Probability

Lesson Objective (Level 4.6)
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' Think, Pair, Share (2 minutes)

*What is Probability?

Extension: Think how we could measure it?
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' Probability Scale

+ Maths uses numbers to describe probabilities. These numbers can be
fractions, decimals and percentages.

* You can also use a probability scale starting at 0 (Impossible) and
endingin 1 (Certain).

o UNLIKELY  EVENCHANCE  LIKELY 1
IMPOSSIBLE CERTAIN
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Plot the following points on the likelihood scale bellow:

a)
b)
o
d)
e
)

Celebrating your tenth birthday tomorrow.
The sun willise tomorrow morning,
Tossinga coin and it landing on tais

Raining tomorrow.

Watch TV tonight.

Rolling a Six

[r———————————

0

UNLIKELY  EVENCHANCE  LIKELY

1
IMPOSSIBLE CERTAN
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Probability

Lesson Objective (Level 4-6):
Expressing Probabilities

ALL Kno
probabilties lie on a
scale between 0-1

SOME Apply this
Knowledgeto
challenging Questions
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' Expressing Probability as a Number

The probability that an event will happen
is a number between @ and

The probability for an event which is
CERTAIN

The probability for an event which is IMPOSSIBLE .

Probability can be expressed as a fraction, a
decimal or a percentage
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' Expressing Probability as a Fraction

Example: | lip a coin, what s the probability that the coin will land on heads?

Onalikelihood scale: l

0 UNLIKELY  EVENCHANCE  LIKELY 1
IMPOSSIBLE CERTAIN
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' Expressing Probability as a Fraction

Example: | lip a coin, what s the probability that the coin will land on heads?

Onalikelihood scale: l

0 UNLIKELY  EVENCHANCE  LIKELY 1
IMPOSSIBLE CERTAIN

Ona probabiiity scale: l

0 1
IMPOSSIBLE CERTAN
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' Expressing Probability as a Fraction

that the coin wil land on heads?

Example: | lip a coin, what s the probabil

Onalikeihood scale: l

0 UNLIKELY  EVENCHANCE  LIKELY 1
IMPOSSIBLE CERTAIN
T T T
) 1
IMPOSSIBLE CERTAIN

We can see that the probability of obtaining a head s %.
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' Expressing Probability as a Fraction

that the coin wil land on heads?

Example: | lip a coin, what s the probabil

Onalikeihood scale: l

0 UNLIKELY  EVENCHANCE  LIKELY 1
IMPOSSIBLE CERTAIN
T T T
) 1
IMPOSSIBLE CERTAIN

How could we work this out without drawing a probability scale?
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' Expressing Probability as a Fraction

Example: | lip a coin, whatis the probat

ity that the coin will land on heads?
Number of ways an event can happen is 1,

The total number of outcomes s 2.

Therefore,

Probat

ity of an Outcome = Number of ways the event can happen
Total number of outcomes

50 we can see that the probability of the happening is %.
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Lesson Objective (Level 46
Listing Outcomes

ALL Express

Probabilitiesas
fractions.

SOME Uselisting

outcomes to find
probabiliies
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Calculating the probability of an outcome:

robability of an Outcome = Number of ways the event can happen
Total number of outcomes

Task One : Complete the starter worksheet on your desk!
Task Two: Find the probability of throwing a two or five on a
die?

P(20r5)=

Challenge: There are a selection of blue and orange balls in a
bag. The probability of selecting a blue ball is % . What is the
probability of selecting an orange?
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' Starter Answe

than 3 o B

than 5 4 i .
e : : :
heowing 2 7 o G B

than 7 ¢ o !
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' Listing Outcom

Ithrow two fair coins, what i the probability of both the coins landing on
heads?

Method1 Method2
st the potentialoutcomes: ability of one coin landing on heads

HH, BT, T, TH i

We can see the number of ways Sowe can multply the probabilties

tcan happenis together.

The total number of outcomes. xri=

robabilty of an Outcome

jumber of ways the event can happen
Total number of outcomes
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' Worksheet

RED - Expressing Probabilities as a fraction.
YELLOW - Expressing Probabilities & Listing Outcomes.

GREEN - Listing Outcomes to find Probabilities

CHALLENGE — Super Challenging Questions on listing outcomes
tofind probabilities. (GCSE)

robabiltyof an Outcome = Number of ways the event can happen
Total number of outcomes
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‘GREEN WORKSHEET - Listing Outcomes to Find Probabilities

Question One:|
Thers aro two bags.
Each bag has thee counters inside.

Inbag 1, there s one red counter, one green counter and one pink courter.
Inbag 2, there is one biue counter, one yellow counter and one red counter.

Bag1 Bag 2

Fob takes a counter at random from bag 1 and a counter a randorm from bag 2.

(@) Write a st of all the possible combinations of the two counters that Rob can
take.

@

(6) Fing the probabilty that Fob takes two counters that are the same colour.

10}

Question Tw

Mohammad fips a air coin and rols a fair ice.

Listall the possible combinations.

(6) Find the probabilty that Mohammad gets a tail and a prime number.

[0
Question Three

Magnus fips a fair coin once and rolls an ordinary dice once.

(@) Write down all the possible outcomes.

(6) Find the probabilty that Magnus gets a head and a 3.

)
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EXAMPLES
1) Work out the probability of:

(@) (b) ©
%0

@
MATHEMATICS
000

(1) P(Green) = (i) P(Pink) = (i) P(M) =

(i)P(Red) = (i) P(Light Yellow) = (i) P(T, C or ) =

(iii)P(Yellow) = (i)P(wWhite) = (iii) p(Vowel) =

(iV)P(Blue) = (iv)P(Not Pink) = (iv)P(Consonant) =
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ALL Expr

Probabilitiesas a

fraction

Lesson Objective (Level 46
Estimating the number of

successes of events
SOME Answer

challenging questions.
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Complete the following question in your books

x contans 400 beads ofthe same size and shape.

6% of the beads re reen.

ofhe remaining beads are boe

The ony ohercolou of bead i whie
One beadis picked atrandom from he box.

Fid e probabiy at a whie bead s p 6
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' Estimating the number of successes of an event

£ we know the probabilityof an event, we can estimate the number of times we
expect that eventto take place.

Example: I we fip an unbiasedcoin.

The probabilfty of "heads" s % and the probability o "ails" is . This means that it
wefip his coinseveraltimes, we expect it to land on "heads" or halfof the time,

1fwe flipthe coin 100 times, we would expect it to and on "heads” 50 times,
because ¥ x 100 = 5.

1f we flip the coin 500 times, we would expect It to and on "heads” 250 times,
because 7 x 500 = 250

Rule:
The Expected number ofsuccess = probability ofsuccess  total number of trials
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Example:
“The probabilty of Fred beating Asif at tennis is 4.

his means that if they play tennis several times, we expect Fred to win a
arter of the time.

Ifthey play 20 matches, how many matches would we expect Fred to win?

Using the formula,
The Expected number o success = probabilty o success x total number o trials

ability of success Is .

tal number of trials = 20

We would expect Fred to win 5 times, because % x 20
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' Worksheet Questions

Red — Similar to examples
discussed.

Yellow - Challenge A
Green — Challenge B

Challenge — Extra
Challenging
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Task: Copy the speech bubbles into your book and answer the
uestion. Say why Nancy makes the mistake!

Nancy makes two statements abou the probalilty of cents ased on throwin fai dice

For ach of he statements below,decide f N
Vo must explain your decion ining probabi

T probabiliy of throwing  thrce on a die i half

N

diceis 2
G
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ALLDraw 3 sample space

diagram

Learning Objectives Level 5.7).
sample Space Diagrams.

SOME Answer challenging

uetions using sample
space diagrams
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The probability that | win a game of chess is = .
1. If I play 10 games, how many games can | expect
towin?

2. If I play 20 games, how many games can | expect
to win?

3. I play 50 games, how many will | loose?

4. I play one hundred games, how many will | expect
to loose?
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Example:
am playinga game of snakes and ladders| need s totalof & to win, What s the

probability that rol the two dice to give me a score of 42

To help us answer ths question, we can draw a sample space diagram.

Task: Copy and complete the diagram below with the totalscores to help you answer the
question.
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Example:
12m playinga game of snakes and ladders | need a total of 4 o win. What s the probability
thatl rol the two dice to give me a score of 47

You should have the following completed table:
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Example:
12m playings game of snakes and ladders, | need a totalof 4 to win. What s the probat
that rollthe two dice to give me a score of 47

Fow many times does four
You should have the following completed table: appear?

We can see that 4 appears
three times.

Whatls the total number of
outcomes?

We can see thatis 36

[Tt by |
ofobtaininga our s %
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Mathematics Department

Programme of Study

® Understand the probability scale
© Express probabilities of events s fractions
« Expected outcomes
o Listing outcomes

fraction.

MOST Determine
events with two
outcomes that
are/aren't equally likely;
record all the outcomes
of two events as an
exhaustive list.

SOME Estimate the
number of successes of
an event.

misconceptions and
promote
understanding of the
concepts.

Self-Assessment
Marking of own work
and personal
reflection of
understanding.

Teacher
Assessment
Homework marked
and continuous
assessment in the
lesson.

Numeracy
Throughout

Oracy 701
Reading 7RS2
Reading 7RS3
Reading 7RA3
Writing 7WLL

Numeracy 7.N9.

Measurable Assessment Skills Development
Topic H including Literacy | Timeframe Homework Differentiation
Learning Aims Opportunities
and Numeracy

'ALL Understand that all | Peer Assessment | Literacy Glessons | Additional Exercises | Task

probabilities lie between | Assessment of peer's | Class discussion, group and homework | Resources and activities to

0.and 1; express basic | work using mark work, think/pair/share. worksheets. | meet the needs of
Probability | probabiities as a schemes to identify | Worded questions. individual students.

Students will use one of 3
different routes depending
on their ability and within
each book there are
varying levels of difficulty
for each lesson

Outcome
Differentiated learning
objectives shared at the
start of the lesson.

Metacognitive thinking
activities and questioning
targeted according to ability

MAT
Additional work following
the express route of the
books and resources.





