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Researching the impact of a carefully designed scheme of work on pupils’ use of misconceptions in Probability and associated assessment for learning


Introduction

Misconceptions in Mathematics are a common occurrence. Over the years, various studies have been conducted investigating misconceptions within numerous topics of the subject. These studies try to enlighten and educate the teaching profession about any common misconceptions learners may have. My aim is to add to this existing pool of research with my own study, which will be performed on a class I am teaching whilst on PGCE placement. My placement school, henceforth known as School X, has a cohort of more than 1000 pupils. The class that I will be conducting my research on is a top set Year 9 class of 30 pupils. The topic of Probability will be the focus of this study; as the class is yet to cover this topic in the school’s scheme of work. I not only wish to conduct this research as it will help me identify and overcome misconceptions within the teaching of Probability, but it will also aid me in my future career. Upon completion of this study I hope that I will become more aware of the strategies and techniques required to both identify and combat common misconceptions when teaching any topic. This essay will identify and summarise existing research on misconceptions in Probability, outline how I aimed to conduct my study and the reasons for my research. Finally, I will discuss and evaluate the results I obtained, enabling me to draw conclusions and make appropriate recommendations.

Literature Review

A misconception is defined as “an idea that is incorrect”, (Collinsdictionary.com, 2018). In Mathematics, a misconception is the giving of an incorrect method or answer. However, an incorrect method or answer may not necessarily stem from wrong thinking. Instead, it may be a concept or local generalisation that the learner believes to be true for the wrong reasons, (Swan, 2001). Swan (2001) also states “it may in fact be a natural stage of development”. Piaget’s cognitive theory talks about schemas; in simple terms, they are a way of organising knowledge. Learners take in the world around them and form “units” of knowledge, (Simplypsychology.org, 2018), which they then refer to when needed. Skemp, (1971) also talks about the creation of schemas in the learning of mathematics and states that when we recognise something we become aware of it at two levels: as itself, and as a member of a group. Almost everything we learn depends on prior possession of understanding about something else. When learning schematically we are not only learning more efficiently; but are also preparing ourselves for future learning tasks. The importance of a schema as a learning tool, means that any unsuitable schema created early on in a learner’s life will make the integration of ideas later down the line much more difficult, or even impossible, (Skemp, 1971). Learners ‘invent’ rules to explain patterns they come across in their lives; this is the basis of one of the most important findings of education research in mathematics, (Askew and Williams, 1995).  If we follow Skemp and Piaget’s cognitive theory there is the suggestion that these rules become part of a schema. Whilst many of those rules may be correct, they only work in restricted circumstances. An appropriate schema is one that takes into account future learning tasks, not just immediate ones. Misconceptions in mathematics stem from either systematically using these rules inaccurately or correctly, but in the wrong circumstances. One example of this is that to multiply by ten is to ‘add a zero’. Learners reuse this rule throughout their early years in education. However, when the learner is required to multiply decimals by ten they apply this rule incorrectly, and possibly do not have the understanding as to why this does not work anymore. We can, and should, stay away from examples and activities that may encourage misconceptions. Nevertheless, misconceptions cannot be avoided altogether, (Swan, 2001). Hence, it is essential that teachers have effective strategies in place to resolve and prevent misconceptions. 

Within the topic of Probability there are a range of misconceptions that a learner may have. The scenario of throwing a dice, for example, could highlight many different biases. Asking a child “if you threw a die, which number would be the hardest to throw?” the most common answer would be six, (Centre for Mathematics Education (CME), 1989). Ask a child why this may be and you will receive a range of explanations. CME (1989) states three approaches to this way of thinking, ‘Intuition’, ‘Experience’ and ‘Experiment’. Intuition is the association of isolated fragments of thought that appear to come from nowhere. For many, six being harder to throw is an ‘intuitive belief’ and is a response that comes to mind almost by association. Experience gives the learner evidence to back up their claims and helps them to make their decisions. Previous observations of the scenario have been logged and can be recalled again later to provide an answer. Experiment is used where intuition and experience may not be abundant. Evidence is artificially created and the experiment outcomes analysed to provide the learner with their response, (CME, 1989). These three approaches to the simple throwing of a dice can create the misconception that six is harder to throw. Green (1983) organised an investigation into this misconception. Interviews were conducted with 11-16-year olds asking by them diagnostic questions. The Assessment of Performance Unit (APU) (1985) also asked questions about the throwing off a dice to both 11-year olds and 15-year olds. Both sets of questioning saw how personal experience affected the responses of the learners, with many learners stating that a six is harder to throw. In order to identify if a learner possesses this misconception the following question could be asked: 

Sue gives the following statement: 
“I think a six is harder to get when you throw a die, because when I play snakes and ladders I never seem to get one.”
Do you agree? Why?

By asking for a reason, an insight is given into why they believed this statement to be true. Previous experience could provide a reason as to why the learner agrees with the misconception that ‘Sue’ believes a six is harder to throw. Additional possible answers given might include: agreement, due to a belief that since there are 5 possibilities for a number other than 6 being thrown, it is therefore harder to achieve the desired number; disagreement, by reasoning that if the die is fair each number is equally likely to occur; and either agreement or disagreement, with the reason being linked to the handling of the die.

Another misconception in Probability is called Representativeness. Kahneman and Tversky (1973) state that this is some way learners ‘predict’ an outcome. Since Probability looks at calculating a result that will happen in the future, i.e. give a prediction, representativeness is a common misconception within the topic. Representativeness occurs when a learner gives a response based on previous outcomes, allowing these experiences to influence their expected overall outcome, (Kahneman and Tversky, 1973). In particular circumstances, representative outcomes are certainly more likely than others. However, this is not always the case. Influences such as previous probabilities and the trustworthiness of evidence can affect the likelihood of outcomes; but not their representativeness. Ignoring these influences and giving intuitive answers go against the theory, (Kahneman and Tversky, 1973). An example of representativeness could show itself when a learner is asked about tossing a coin a number of times. For a series of ‘x’ number of throws; that has approximately equal numbers of heads and tails, a learner might say that this is more plausible than results that show more heads than tails, or vice versa. However, in Probability these scenarios have the same likelihood of happening. Another study carried out by Tversky and Kahneman (1974) investigated the decisions learners made about the likelihood of an event. These decisions may be based on similarities that the event has to the population from which it was drawn, or the processes of generating the outcomes. An example of this is a series of heads occurring one after another for ‘x’ number of throws from a coin toss. This does not appear to be representative of the random process of tossing a coin. Therefore, learners that have a representativeness misconception might state that on the next throw of the coin a tail is more likely to occur and will continue to be more likely until the results even out. 
In order to identify if a learner had this misconception the following question could be asked:

If you were to buy a lottery ticket, which of the following sets of numbers give me the best chance of winning? (Circle a, b, c or d as your answer)
a) 3   16   24   39   41   57
b) 1   2   3   4   5   6
c) 45   46   47   48   49   50
d) It doesn’t matter
Explain your choice.

If a learner were to have a representativeness misconception, then they would answer with a) due to the spread of the numbers. Learners may also reason that b) and c) are sequential and this makes them unlikely or refer to past experiences of observing relatives play the lottery, claiming that these options have not happened before and so would not be likely to occur.

As probability is a topic that can be taught through a series of experiments and trials, there is a misconception that human control or other external factors can influence an outcome. Nicolson (2005) investigated this misconception, a fifth-grade learner was interviewed whilst he was required to complete typical probability events used in classroom teaching; such as throwing a dice, spinning a spinner and flipping a coin. Paul, the fifth-grade learner, explained his predictions based on past experiences, (CME, 1989), as discussed previously. However, when his actual results differed, Paul offered explanations suggesting that human control regarding the handling of the devices had an influence on the result. Pratt and Noss (2002) also found similar reasoning from their participants in their own research. They let learners play with a piece of software that replicated random coin flipping, dice throwing and spinning of a spinner. Anne and Rebecca, the two girls the researchers were asking to play with the software, held a belief that there was a bias in the outcome. They believed that the bias stemmed from the software being programmed to give out specific results. When probed further about this bias, the girls explained that there must be some sort of pattern to the results; even if they had not spotted one themselves. This external influence meant that they believed that from the outset outcomes of a single event were not equally likely to occur, when in theory it was possible. Whilst the conducting of experiments and trials is normal practise in the classroom, probability is challenging to comprehend from trial and error or direct modelling when compared to other basic mathematical concepts, (Borovcnik and Peard, 1996). Nicolson, (2005), Fischbein and Gazit, (1984) and Watson and Moritz (2003) all show that concrete probability experiments may actually confirm a learner’s misconception or destabilise an existing understanding. There is an argument that since probability is an abstract concept, teachers should spend less time with direct investigations. Instead, more time should be given to the fundamental skills needed for probability, such as fractions, ideas of ratio and proportion, estimation and multiplicative thinking, (Nicolson, 2005). In order to identify if a learner had this misconception of external influences, the following question could be asked:

A spinner has the following numbers on it: 1 2 3 4 5 6 7.
What is the probability of landing on a 2? Explain your choice.

If a learner had a belief that external factors such as human control in the handling of the spinner could influence an outcome, they would reason that the chances of landing on a 2 could be higher. This means they believed that the external factors increased the probability of landing on a 2 to greater than , which is the theory behind the calculation of the probability. Also, whilst not linked to the misconception of human control, other possible answers could include:  , stemming from a misunderstanding of the numerator in probability, (the learner was asked for the probability of 2 so incorrectly believes it goes in the numerator); and  , which might stem from a misunderstanding of the denominator in probability (1 option out of 6 other possibilities). 

Equiprobability bias, as described by Lecoutre (1992), is an inclination in some learners to believe that random outcomes of an event are, by nature, equally probable, (i.e. uniform). In other words, learners who have equiprobability bias believe that all random outcomes of an event have the same probability of occurring. For example, Lectoure (1992) stated some learners perceived that throwing one six on three rolls of a die is equally as likely to occur as throwing three sixes. Belief in this misconception leads to inescapable inaccuracies when solving problems in probability involving non-uniform random variables. This misconception is not just seen in childhood but also throughout adolescence and into adulthood, (Batanero, Serrano, & Garfield, 1996; Chiesi & Primi, 2009; Falk & Lann, 2008; Lecoutre, 1992; Morsanyi et al., 2013). Additionally, Lecoutre and Rezrazi (1998) also state that as a result of this misconception, learners expect the same probability to remain continuous in a random experiment, regardless of actual chances. An example of a situation where a learner may show an equiprobability bias is in the throwing of two dice. When considering the sum of the two-dice rolled, some learners do not realise that the probability of obtaining certain totals is lower than others. In the case of this scenario for example, the probability of obtaining a total of 2 is lower than the probability of obtaining a total of 6. Some learners will have not recognised that 6 can be made up of a few different combinations, whereas 2 can only be made by rolling a double one. Here, the non-uniform variable that is the sum of the two dice is determined by a uniform variable (the outcome of throwing the dice, since they are fair dice), (Gauvrit and Morsanyi, 2014). In order to identify if a learner had this misconception the following question could be asked:
As a fraction or decimal, give a sensible estimate of the probability that the next person to walk in wears glasses. Explain your choice.

If a learner were to show they had equiprobability bias then they would answer this with 0.5 or a fraction that simplified to . Their explanation would be something along the lines of there are only two possible outcomes; either someone wears glasses, or they do not. However, whilst this seems to match the theory, there are other variables involved influencing whether a person wears glasses or not such as genetic predispositions. Therefore, thinking about the question in this discreet trail of thought is incorrect.

In addition to the above misconceptions already discussed, there are several others. One such other was investigated by the APU (1985). It was concluded that few learners can correctly calculate multiple events. In their research they asked 15-year olds the probability of a specified number being thrown on a die, on particular rolls of the die. Almost half correctly answered the first part of the questioning, which asked for a 3 on the first roll. When the question changed to ask for the probability that a 3 was rolled on the first roll, then a 4 on the second, and finally a 5 on the third, the number of learners who provided the correct response fell to 8%. There is an issue with this research in that what learners actually wrote down was not included in the findings, however an educated guess can be made that many simply added fractions instead of multiplying. The APU (1985) research also shows that only the top band of learners could deal with multiple events. In order to identify if a learner had this misconception the following question could be asked:

A 50p coin is thrown in the air. What is the probability of getting two heads?

If a learner had an issue with multiple events, possible answers could be:  , with an explanation akin to only having two possible sides of a coin; or  , with a possible explanation that the learner does not realise that there are two possible ways to throw a head and a tail.

School Policy and Practise and Diagnostic Test

The Mathematics department in school X have a scheme of work, (School X, 2018) to guide a classroom teacher on the teaching of the topic of Probability, (see Appendix A). Based on the requirements stated by the Welsh Government (2015), the scheme of work was put together by staff in the department. This scheme of work, along with other resources and the ‘Key Maths’ textbooks, are used by the teacher to plan for the teaching of the Mathematics curriculum. The school expects the mathematics teachers to conduct their own research and use previous teaching experience in order to anticipate possible misconceptions. Usual classroom practise within the department is to use starters to activate prior knowledge, aiding the identification of potential misconceptions that learners may have. From the research conducted or from previous classroom experiences the teacher then utilises effective strategies to try to aid learners to overcome these misconceptions. For the basis of this research however, a diagnostic test will be created and administered for the learners to complete before beginning the teaching of the topic of Probability. This diagnostic test will assist in assessing the possibility of any learners having misconceptions in Probability. In addition to this, an initial formative assessment of learning will be generated, which can be acted upon afterwards when teaching of the topic commences. With relevant literature and the department’s scheme of work in mind, the diagnostic test that was created and can be found in Appendix B. The proposed questions that have already been mentioned in this paper have been included: Question 2 looks at the misconception of a six being harder to throw; (APU, 1985; CME, 1989; Green, 1983); Question 3 looks at identifying if human control is an influence in a learner’s response, (Nicolson, 2005; Pratt and Noss, 2002); Question 5 aims to detect equiprobability bias, (Lectoure, 1992; Gauvrit and Morsanyi, 2014); Question 6 looks at uncovering representativeness (Kahneman and Tversky, 1973; Tversky and Kahneman, 1974); and Question 7 looks at multiple events, (APU, 1985). In addition to those questions the diagnostic test will include two others. Question 1 serves to diagnose which learners, if any, do not possess a good grasp of the basic forming of a probability. This could additionally further highlight any human control misconceptions, (Nicolson, 2005; Pratt and Noss, 2002). Question 4 looks into whether learners can find multiple events, where a tree diagram would be better suited compared to a sample space list or table. This question will give an indication as to how familiar, if at all, learners may be with tree diagrams before it is taught. Furthermore, it may highlight any further issues learners may have with multiple events, (APU, 1985). 

Methodology and Ethics

In order to investigate misconceptions in Probability, action research was carried out. Action research has a variety of definitions: Lewin, (1946) described action research as a way to acquire information about a social setting whilst trying to change it at the same time; Elliott, (1991), described action research as a study of a social setting with the view to refining the quality of action within it; and Stringer (1996) defined action research as a research approach with possible theoretical and practical results that influence surroundings for continuing action. Overall, from these definitions it can be said that action research should be based in practice or a community and is not unconnected from it. Therefore, the aim of action research is to investigate from within, whilst also gathering relevant information in order to improve the situation, should it be replicated in a similar way. Action research is a method of research that can be undertaken by a variety of professionals including teachers, social workers and community officers, (Munn-Gigglings, 2012). Conducting action research with a class of participants facilitated an exploration into whether teaching practises have an impact in overcoming any misconceptions that the participants believed. 

However, there is one major issue with action research. Researchers may have difficulty remaining objective as they are both a researcher and participant. As the teacher occupied both roles in this research, there were a variety of questions that need to be considered. How were the participants selected for this research? Could there still be objectivity in this selection? Was there a risk that the participants selected were only selected because of the fact that they were known to co-operate? Did relationships created prior to this research have an influence in any way? When writing up the results, was there going to be a bias due to personal evaluation also required? In response to some of these questions, it can be said that there were some external factors that influenced the decision to select the group of participants. The group selected was a set one class of Year 9 pupils. The selection was influenced by the ability and age of these learners, as it was thought that they would have a better understanding of the consent required. However, since the main reason this group was selected was down to topic of Probability coming up on the scheme of work, other reasons were not considered to be major influences. The designs and outcomes of the study were fully explained to the participants, and it was made clear that their data would only be used if their consent was given, with no repercussions should they choose to withdraw at any time, (Appendix C and D). In respect to the prior relationships, by the time it came to start this research, the participants had only experienced 2 to 3 weeks of teaching with the researcher. This meant that there was less of a possibility that the participants tried to behave in a way that favoured the research. However, this same point did raise an issue. The participants were less familiar with their new teacher and may have felt uneasy to fully confide and present their answers. As well as these concerns an objective view was taken when writing up and analysing the results, even if this produced a negative view of the teaching styles and practises. By remaining as objective as possible it was ensured that the validity of the findings remained uncompromised. 

An intervention within this action research was carried out. An intervention can be defined as a “deliberate attempt to change the world in some way with a view to assessing the impact of that intervention”, (Tymms, 2012). The intervention in this research was the teaching of specific planned lessons that addressed the misconceptions in Probability. This teaching also covered the scheme of work that needed to be taught within School X. During this intervention a variety of Assessment For Learning (AFL) strategies were implemented, including mini-whiteboards, lollipop sticks, Think-Pair-Share and self-assessment. All of these AFL strategies engaged the entire class, provided evidence of student learning and ensured that lessons were tailored to the needs of the class. Whilst these AFL strategies helped the intervention, there were some issues with each strategy. If a learner was not confident in their answer, copying potentially become an issue with the mini whiteboards. Similarly, with the use of Think-Pair-Share in conjunction with Popsicle sticks that have learner’s names on them, it meant that less confident learners were not so easily identified. Finally, the integration of ICT; by using Edmodo (Appendix E) to collect learner’s responses to self-assessment after lessons, provided an opportunity for an issue. If all learners did not complete the task, or others left it too late to answer and the lessons moved away from the topic, all responses for the study were not recorded.

Pre- and post-tests were conducted before and after the intervention, serving as both another method of formative assessment and AFL. As already stated, this diagnostic test assessed current misconceptions and generated a formative assessment that could be acted upon in the intervention sessions. Whilst these tests are rarely of the same quality as commercial tests, they were created to match the precise needs of the researcher, (Hambleton, 2012). The pre- and post-tests provided an accurate method to evaluate the performance of the participants, giving an indication as to whether the participant had overcome a misconception. For the purpose of this study an improvement in performance was indicated by an increase in the number of learners achieving full marks in each question. This would then suggest that a pupil had overcome their misconceptions and was now answering without the influence of any bias. On the other hand, these tests may have created a great deal of stress in learners, which would have been reflected in their scores. Additionally, other external factors such as anxiety, home life or natural ability could have influenced a learner’s performance and therefore the test may not be a true reflection of the learner’s understanding. Nevertheless, these diagnostic tests were used in this research. To ensure no undue stress was caused to the participants, British Education Research Association (BERA) (2011) ethical guidelines were fully adhered to. Participants were given full disclosure as to what their data was being used for, enabling them to be fully informed when they gave consent. A right to withdraw from the study was also made clear. However, due to the school environment, a participant may have withdrawn their consent to the use of their data, but they were still required to partake in the same intervention sessions as their peers. The reasoning for this was because the content covered was a requirement of the National Curriculum and School X’s scheme of work. In an attempt to ease participants mental state, a system was put in place to keep the participant’s responses anonymous. This reinforced the notion that the test was simply another form of AFL and was not official in any way. In addition to this, these reassurances also helped to eliminate bias in the evaluation of the results, along with the removal of some of the subjectivity that may have appeared otherwise.

Evaluation

A breakdown of the pre- and post-tests was created upon marking, (Appendix F). From the data in the table it can be shown that overall there was no decrease in performance, with an average increase of 13%, (see Appendix G, fig. 10). For all questions except 4a, two marks were awarded; one for an explanation or method and a second for the appearance of the correct answer. For the most part, where 1 mark was given instead of 2, it was due to a correct method being evident without a correct answer. In the pre-test question 1, in the 2 cases it happened, one mark was given as there was no explanation when the question had asked for one.

Question 1 was designed to diagnose which learners do not have a good grasp of the basic forming of a probability. According to the Welsh Government (2015) learners should be able to “express the probability of an event as a fraction or decimal percentage” in Year 7. Therefore, it was anticipated that a top set year 9 class would not have any misconception in this area. Question 1 also could have exposed misconceptions about human control, (Nicolson, 2005; Pratt and Noss, 2002). Since there were no incorrect answers in both the pre- and post-tests, (see Appendix G, fig. 2), there was no evidence of this bias in the learner’s explanations. Due to 100% correct answers in the pre-test it can be concluded that the researcher’s teaching did not have an influence in the learner’s answers. The learners had a firm understanding from their previous teachers throughout Years 7 and 8.

Question 2 saw four learners display the misconception that a ‘six is harder to throw’, (CME, 1989). All four learners agreed with the statement in the question, despite their explanations stated that the probability to get a six on a die was . Learner 18 talked about ‘luck’ being involved when throwing a six, suggesting this answer may have been a linked to past experiences, (CME, 1989). Learner 30 wrote “I agree because getting a six is only  numbers because there are a lot more sides”. This suggested that there was the belief that as there were five possibilities of a number other than six being rolled, it is harder to throw. Whilst this may be the reason behind the belief in the misconception, without further clarification the true reasoning is unclear. Due to the anonymous nature of the test further questioning was not available at an individual level. Regardless of the reason, learner 30 changed their answer in the post-test, choosing to correctly disagree with the statement, explaining that all numbers have an equal  probability of being thrown. Learner 5 also changed their answer in the post-test, stating the same explanation, (see Appendix G, fig. 3). A possible reason for the change of answers could have been the intervention sessions; in particular the first teaching session, which occurred straight after the pre-test. The review of the skills the learners should have already picked up in Years 7 and 8, may have given the learners the ability to realise their mistake and correct them. However, due the fact that the learners were aware that the post-test would be the same as the pre-test, some individuals may have looked into the topic outside of the classroom as they needed more time to think their answer through. Unfortunately, learners 10 and 18 did not change their view, (see Appendix G, fig. 4), they both agreed with the statement again because of the fact that “there is a  chance of getting a six”. Again, further probing into why this belief was held by the learners was not possible. Based on the research of the CME, (1989), this way of thinking could be attributed to the ‘Intuition’ approach. The understanding of forming a probability appears to be present with learners 10 and 18 as they both gave sufficient explanations for question 1, but it seems to be applied in the wrong way to back up this misconception.

Question 3 identified one learner with a potential misconception, however it was not the misconception the question was designed to detect. Learner 41 wrote “  ”, with the explanation “as there are 7 figures”. There was nothing written about human control being an influence on the probability, (Nicolson, 2005; Pratt and Noss, 2002). Instead of detecting the misconception the question was designed for, a misunderstanding of the role of the numerator in probability was shown. A possible reason behind the learner’s thinking could be that they believed that as the question was asking for the probability of landing on a 2, this is what should go in the numerator. This way of thinking would have allowed the correct answer for question 1, (which the learner did indeed answer correctly). However, since the learner also answered question 2 correctly with “I disagree, each outcome has   chance”, this was not believed to have been the reason. Had the learner remained consistent with this way of thinking they might have tried to answer with  instead. A possible explanation as to why they did not choose this answer could be that they possessed the prior understanding that this would equal 1, meaning it would have been certain to happen. Therefore, without the ability to probe further, in addition to the question being answered correctly in the post-test with appropriate reasoning, (see Appendix G, fig. 5), it can be assumed that the learner simply made a silly mistake and did not check over their work. Influences outside of the classroom; such as discussion with classmates, also may have changed the learner’s response. As this was the only learner to answer incorrectly, (learner 10 earned only 1 mark from a correct answer with no explanation), a discussion with peers could have helped them realise that they had answered incorrectly in the pre-test. 

Question 4 was the second most improved question. Part 4a was a variation of questions 1 and 3 and was included to help set up part 4b. For part 4a, four learners answered incorrectly in the pre-test, each due to apparently different reasons. Learner 6 only wrote “”. Again, with no method given it cannot be said why this was done. However, due to how close this answer was to the accepted answer of , it may have been the case that the learner simply forgot to write the zero. Learner 18 did not answer the question at all. With no explanation or even method attempted, it cannot be said why the learner left it unanswered. It appears that learner 41 did not consider that the number would appear more than once on the die and wrote  . Lastly, learner 42 initially wrote the correct answer, and had a note saying, “each number is on the dice 4 times”. This was then crossed out and “” was written stating “because it’s not the first number”.  Learners 6 and 41 corrected their mistake in the post-test. Whilst learners 18 and 42 tried different answers, both did not have the correct numerator, suggesting an issue occurred when calculating how many times 2 would appear on the die. Question 4a also had a learner who initially answered correct in the pre-test change to an incorrect answer in post-testing, (see Appendix G, fig. 6). Learner 3’s post-test answer was  which, like learner’s 18 and 42, suggests an issue in working out how many times 2 would appear on the die.

Question 4b was answered incorrectly by the whole class in the pre-test. Example answers include words to describe the probability such as “very unlikely” and the addition of  three times. Three learners simply did not write an answer. The question was designed to be similar to the research conducted by APU, (1985). The results replicated the APU study, as it appeared learners struggled with multiple events. In the post-test, those learners who gained marks earned them at the very least from method marks, which was due to an attempt to either multiply three fractions from part a or use a tree diagram. Therefore, whilst only five learners earned full marks in part b, a further six learners earned the method marks, (see Appendix G, fig. 6). This would indicate that the tree diagram session had an impact on one third of the class. Further work could have been done in the intervention sessions to increase this, such as more practise questions or employing other AFL strategies besides the mini-whiteboards to assess which learners needed more support within the lesson. 

Question 5 was the only question that saw no overall improvement in the answering of the question, (see Appendix G, fig. 1). This was due to the fact that although two learners overcame their biased thinking, two others picked up the misconception, (see Appendix G, fig. 7). It is therefore hard to determine whether the intervention sessions helped to overcome the equiprobability bias misconception, or possibly encouraged it. As anticipated, those that answered with a variation of ‘equally likely’ explained that as there were only two possibilities, this meant that the result could only be one way or the other. In the intervention sessions similar questions were asked, exposing learners to situations where the probability was not this simple. However, upon reflection, the question asked could have been altered. Questions based about a different situation could have been asked. This would have reduced the learner’s reliance on past experiences or current surroundings that might influenced learner’s answers, thereby reducing the chances of misconceptions.  

Question 6 saw thirteen learners display a representativeness misconception. All the learners that answered incorrectly chose a), as the numbers were better spread out in their opinion. This answer and explanation was expected to be given if the learners had a representativeness misconception. This is in line with Kahneman and Tversky’s, (1973), research as it appears that learners looked towards the expected overall outcome when giving their answers. In the post-test three learners overcame this misconception, whilst one learner picked up this misconception, (see Appendix G, fig. 8). Overcoming this misconception through teaching can be difficult. The relative frequency sessions allowed representativeness in the throwing of a coin to be brought up naturally. A possible reason that the number of learners overcoming this misconception is not higher, was that a connection was not made between examples. Learners failed to connect the coin throwing example and the lottery question, as there were letters in the example and numbers involved in the diagnostic tests. The sentences pupils put in their books for the plenary of that session indicated that the practical elements of the session helped learners understand relative frequency. However, more could have been done within the session to emphasise that all the results had the same likelihood of happening. 
 
Question 7 showed the highest overall improvement over the pre- and post-tests. Four learners answered correctly in the pre-test, listing the possible outcomes into a table of sorts, thus aiding themselves in answering the question. Interestingly, learners 7 and 43 changed their method to a tree diagram in the post-test. There is the possibility that this change in method was influenced from the intervention sessions; as the learners would not have come across this method before, unless they had been exposed to tree diagrams outside of school. Learners who earned at least one mark showed an attempt to draw a tree diagram or list the possible outcomes. The loss of a second mark came from either not listing all possible outcomes, like learner 8 who failed to realise that there were two ways to get a head and a tail on two throws. Marks were also lost by not using the tree diagram or sample space in the correct way, like learner 27, who said the probability of getting head or tail on the second throw was  for all options. A potential reason behind learner 27’s mistake was that they had taken the fact that probabilities add up to 1 and applied it in the wrong way for the tree diagram. An issue was raised with this question in the way it was worded. Some learners claimed it was impossible to obtain two heads as “there is only 1 head” (Learner 2). Not specifying that the coin was thrown on two separate occasions meant that eight learners in total said the outcome of two heads was impossible or zero. This issue was realised after the learners took the pre-test, however the question was kept the same to allow for comparison of results. Only learner 2 kept their response the same in the post-test. It appears that after the intervention sessions the other seven learners all answered with a fraction, four of whom got full marks, (see Appendix G, fig. 9). This could have been due to the similar practise questions that were looked at in the intervention sessions. It can only be speculated what the change in results would have been had the question been written in a clearer way from the beginning. It could be argued that an overall improvement of the question would have led to more learners that had a misconception with multiple events being detected, meaning that the intervention sessions would have helped them overcome it. 

Conclusions

From this study it became clear that misconceptions are still as big of an issue in the teaching of Mathematics as ever. By reviewing the variety of misconceptions that were researched, it was found that the participants displayed a range of them. All participants showed at least one misconception during the pre-test. One misconception that was researched yet did not appear to be an influence in the participants answers was human control. No participants wrote in their explanations that the way the die, spinner or coin was thrown could have changed the probability. Along with this, no participants questioned the fairness of the die, spinner or coin mentioned, even though the questions did not specify this. Possible reasons for this is due to the age group of the pupils (13/14 years old) and their level of ability, being a set one class. As they had already been exposed to Probability in Years 7 and 8, any misconceptions that may have been prevalent in the past may have already been eradicated. The participants in this study were older that the fifth-grade participant in Nicolson’s study (2005), with the fifth-grade participant being 10/11 years of age. Therefore, there is an issue with comparing this fifth-grade learner to this study’s Year 9 class results. 
 
The misconception of Equiprobability was the only misconception not to show a difference in the pre- and post-tests. As previously stated, it was unclear if the intervention lessons influenced the learners. This was due to the fact that whilst two learners did improve, two others picked up the misconception. Examples in class were constructed to consider similar situations. Upon reflection, investigating equiprobability bias in this way was the wrong route to go down. To overcome the misconception a higher level of the understanding of probability was required, learners may have struggled as they did not possess these higher skills. Instead, a different style of question would have identified the misconception in the participants more effectively, as well as aiding in the overcoming of the misconception. A question based upon the possible sums of two dice; similar to that which was asked by Gauvrit and Morsanyi, (2014), could have been alternatively asked. This would have also made it easier to address the question in the intervention lessons. The original question that was used inadvertently introduced past experiences as an influence over answers and was not as tangible or as objective when compared to a question about the sum of two dice. 
 
Overall, this study has shown that there is a need to be aware of current research and to plan effectively for misconceptions. The literature research into misconceptions in Probability proved an invaluable aid in the creation of the diagnostic test and intervention sessions. The diagnostic test, along with the AFL strategies that were used in the intervention sessions allowed for appropriate and effective teaching to take place. It can be argued that since an increase of 13% was observed in the overall average score from pre-test to post-test, the intervention sessions were a success and the lessons that were taught were suitably thought out and delivered, (Topic Pack appended). This study has highlighted practices in how to focus in on misconceptions in Mathematics. This focus along with the relevant research, highlights the need to ensure that learner’s understanding is at the core of teaching. From reviewing the literature previously mentioned in this study, it is clear there are several misconceptions around equiprobability and representativeness. As a teaching professional progresses through their career they will gain more experience in the teaching of Mathematics across a range of ages. As they progress they will be exposed to a variety of misconceptions across all the topics, as they are required to be taught as dictated by the Welsh Government, (2015). However, at the same time as this experience grows, it is important that personal research into these topics is also conducted. Doing so will support the work carried out in the classroom. Although there will not always be time to create and set diagnostic tests in the future, the AFL strategies used throughout the intervention sessions can be put to use in every topic. These strategies would then empower the teacher to act appropriately to aid learners in overcoming their misconceptions. 
 
Should another researcher which to carry out action research in this way, further recommendations would be to ensure that the diagnostic tests appropriately identify the misconceptions they are designed to detect. Question 7 in the diagnostic test is an example of what could happen should a question be given that is not clear. Although the test was checked over by an experienced teacher, had more teaching practitioners looked through the diagnostic test, it is possible that this issue could have been detected prior to the pre-test being administered to the participants. Additionally, question 5 should have been given more thought and analysis, especially against the national curriculum. Doing so could have highlighted the problems that came with the answers that were produced, as well as the concerns with the intervention sessions that tried to aid participants in overcoming the misconception. Another recommendation would be to incorporate a variety of other data collection methods. What has been used in this study restricts the findings and could be misleading. Approaching this research from different perspectives could help to gain a holistic perspective. Furthermore, different levels of social research such as behaviourist, cognitive, social, etc. along with assorted methodologies, may have particular strengths with respect to those levels. The combining of methodologies could help give a clearer picture and provide more adequate and accurate explanations and evaluations. Interviews, questionnaires and focus groups are all examples of data collection tools that could be exhausted, each with their own benefits and limitations. 

Limitations and future development

There were a few small limitations of this study. One such limitation was that the group of participants selected were only one small class in one school. This one school, is one of many in South Wales and is one of thousands in the UK and abroad. The results gained from this study have provided a small insight into misconceptions in Probability. However, they cannot simply be generalised to other classrooms across other classes in School X, let alone other secondary schools. The age of the participants; along with the abilities that put them into a top set class, meant that even if this study was replicated elsewhere, the results should not be compared too closely. One variable, such as the slight differences in the timing of the study, could influence the outcome. Another limitation of the study is that due to the small sample size, limited data was collected. This limited data meant that the results could be of an anomalous nature. This could be because delivering this teaching practise to a larger participant group does not improve the average scores and instead showing a deterioration. One further limitation was that by using action research there was always an issue with subjectivity. As already discussed, as the researcher was also participant it could have be hard to remain completely objective. Whilst steps were taken to try to ensure objectivity, there were always some external factors that could not be avoided. This subjectivity lead to a bias in the results in some form. In this study it could be argued that there was a bias due to the selection of top set ability of the participants, or even a bias due to a lack of experience in this field in this present moment in time.  
 
Moving forward, to improve reliability and generality, more studies could be carried out into both misconceptions in Probability. These studies could include other participants as well as investigations into misconceptions in other topics with the same participants. Replication of this study could gather more data about misconceptions, consider more variables and external factors and enables data to be more closely compared. Due to different timings, topics and participants the results from further, replicated studies could not be compared directly against the original study. However, teaching professionals would inevitably gain more information aiding their teaching in the classroom. Implementing the previously mentioned future recommendations would also enable the focus of the study to narrow and hence become more reliable. To overcome some of the subjectivity within this type of research, collaboration with other Mathematics teachers and researchers could be a solution. Whilst this would not eliminate subjectivity altogether, it would reduce its incidence. The collaboration would provide a platform for discussion into why certain aspects are conducted the way they are. Furthermore, whilst a Mathematics teaching practitioner would be one of the best options to collaborate with, other subject specialists could provide input from the participants point of view.  
 
In terms of future development, both personal and professional, when creating a topic’s scheme of work, misconceptions need to be at the forefront of the planning process. Partnering this planning with appropriate AFL strategies will ensure that learners are benefiting and achieving in the classroom environment. During PGCE training, Assessment of Learning is a continuing target for improvement. This study has already helped to improve teaching practise with respect to Assessment of Learning. In addition to this, this study has shown the importance of appropriate AFL strategies and that through their use they will ultimately aid learners to overcome their misconceptions in Mathematics. 
 





































Appendix A - School X’s Maths Department Scheme of Work covering Probability

	Year 9 SOW 5-7+ 

	Module 4
	Topic: Probability

	· Calculate simple probabilities of two events
· Recognise when probabilities can be associated with independent or mutually exclusive events
· Use the OR rule to calculate probabilities for mutually exclusive events
· Use the AND rule to calculate probabilities for independent events
· Write estimates of experimental probability/relative frequencies (in decimals) and know that you need a large number of trials (100+) to get a good estimate
· Compare estimated probabilities/relative frequencies from experimental evidence with theoretical probabilities
	p63, 64
	Textbook: Ch11
Revise and Practise
10ticks
Whiteboard maths ppt






















Appendix B – Blank Diagnostic Test as given to the pupils

Probability Test

1. There are 3 red balls and 7 yellow balls in a bag. I pick a ball at random.
What is the probability that I pick a red ball? Explain your choice.
__________________________________________________________________________________________________________________________________________

1. Sue gives the following statement: 
“I think a six is harder to get when you throw a die, because when I play snakes and ladders I never seem to get one.”
Do you agree? Why?
__________________________________________________________________________________________________________________________________________

1. A spinner has the following numbers on it: 1 2 3 4 5 6 7. What is the probability of landing on a 2? Explain your choice.
__________________________________________________________________________________________________________________________________________

1. The numbers 1, 2, 3, 4, 5, are painted on the faces of a regular 20-sided solid dice an equal number of times each.
What is the probability:
1. 2 is on the uppermost face
________________________________________________________________________________________

1. 2 is on the uppermost face on the first roll, 4 on the second roll, and a 5 and the third roll
________________________________________________________________________________________







1. As a fraction or decimal, give a sensible estimate of the probability that the next person to walk in wears glasses. Explain your choice.
__________________________________________________________________________________________________________________________________________

1. If you were to buy a lottery ticket, which of the following sets of numbers give me the best chance of winning? (Circle a, b, c or d as your answer)
1. 3   16   24   39   41   57
1. 1   2   3   4   5   6
1. 45   46   47   48   49   50
1. It doesn’t matter
Explain your choice.
__________________________________________________________________________________________________________________________________________

1. A 50p coin is thrown in the air. What is the probability of getting two heads?
__________________________________________________________________________________________________________________________________________
























Appendix C – Consent Form given to the pupils prior to the pre-test

[image: letterhead_top]

CONSENT FORM
PROJECT TITLE: Researching 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 Jennifer Clement

Investigating pupils’ misconceptions in Probability by a pre-written test on Probability, teaching Probability and a post written test on Probability.
									       Please initial 
   box

1.	I confirm that I have read and understood the information sheet
	dated 14th March 2018 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

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. If you prefer anonymity, there will not be any identifying information on audiotapes or transcripts of this or any interview. No-one will hear any audiotapes or see any transcripts without your prior consent. All materials generated from this or any interview will remain confidential.








Appendix D – Information Sheet given to the pupils prior to the pre-test
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PARTICIPANT INFORMATION SHEET
PROJECT TITLE: Researching the impact of a carefully designed scheme of work on pupils’ use of misconceptions in Probability and associated assessment for learning

Date: 14th March 2018

Dear Participant: 

My name is Jennifer Clement and I am studying in the Faculty of Education and Communities.

I would like to invite you to participate in my research project. This project will research misconceptions in Probability and aims to investigate pupils’ use of misconceptions in Probability by pre- and post- diagnostic tests.

Through your participation in the tests, I hope to ascertain the use of misconceptions in Probability. All tests will be kept strictly confidential to the researchers involved and at NO time will individual tests be released to the general public. Your participation in this study is completely voluntary so you can withdraw your permission for your test data to be used for my research at any stage. 

We thank you in advance for your time and participation. If any questions do arise, feel free to contact me at your convenience. 

Yours Sincerely





















Appendix E – Edmodo screenshot of one of the Self-Assessment quizzes to be answered after the relevant session
[image: ](Due to the necessity of choosing one correct answer, every quiz has B as the ‘correct’ answer. Regardless, pupils do not see this)



Appendix F – Table of results following the marking of the pre- and post-tests
Key: Yellow = Misconception, Orange = Misconception still apparent, Red = Decrease in marks, Green = Increase in marks or percentage
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Appendix G – Graphs





























Figure 1. Bar chart showing the percentage of the class that earned full marks in each question, in the pre- and post-test















Figure 2. Bar Chart showing Question 1’s point difference		    Figure 3. Bar Chart showing Question 2’s point difference















Figure 4. Bar Chart showing Question 3’s point difference		    Figure 5. Bar Chart showing Question 4a’s point difference
















Figure 6. Bar Chart showing Question 4b’s point difference		    Figure 7. Bar Chart showing Question 5’s point difference















Figure 8. Bar Chart showing Question 6’s point difference		    Figure 9. Bar Chart showing Question 7’s point difference

[bookmark: _GoBack]Figure 10. Pie chart showing the proportion of pupils that earned each percentage change in full marks from the pre- to the post-test.


Appendix G – Topic Pack. Teaching materials used in the intervention sessions

Proposed order of sessions for the intervention
	Objectives
	By the end of this scheme of work, learners will know/be able to…
· Calculate the probability of 2 events
· Use the OR rule
· Use the AND rule
· Write estimates of probabilities
· Use the relative frequency to compare outcomes of experiments

	Skills
	Overview 
Where and how are these skills developed in this scheme of work? 

	Subject-specific
	Terminology, Addition, Subtraction, Multiplication, Division, Drawing of graphs, Data collection.

	Literacy
	Worded questions, Discussion, Key Terms

	Numeracy
	Numerical reasoning, Number skills, Measuring skills, Data skills

	Digital Competence
	

	Y Cwricwlwm Cymreig
Including Welsh language
	Using the local area in worded questions
Incidental Welsh spoken, Key terms in Welsh

	ESDGC
	Using 21st century issues in worded questions

	Making the learning accessible
	How will I ensure all learners can access the lessons?
Differentiation, Catering for ALN and MAT pupils through scaffolding and extension work, Setting reasonable time targets to complete work, Real-life application, Equipment available if needed.



	
Lesson
	
Learning objectives
	
Teaching activities
	
Learning Activities
	
Resources
	
Assessment
	
Skills

	Pre-test and Probability Recap
	Understand that probabilities are between 0 and 1 and that the sum of probabilities is 1.

Understand how to write a probability as a fraction, decimal or percentage.

	Starter – Pre-Test

Exposition

Activity – questions on the whiteboard

Plenary – Bingo
	Pre-Test

Expo listening and completion of activity

Consolidate lesson’s learning through plenary
	PowerPoint

Calculators

Stationary Equipment

Clicker

Whiteboard Markers

Mini-Whiteboards

Lollipop Sticks


	Hinge question on the exercises

Circulation of the class during exercises

Use of ‘random’ questioning

Final AFL at end of plenary
	Subject-Specific

Literacy

Numeracy

Y Cwricwlwm Cymreig

ESDGC

	Sample Spaces
	To be able to draw a sample space diagram

Can work out probabilities using a sample space diagram
	Starter – recap of last lesson

Exposition

Activity – Questions on the whiteboard

Plenary – Compare rock, paper, scissors with rock, paper, scissors, lizard, spock

	Recap of prior lesson

Expo listening and completion of activity

Consolidate lesson’s learning through plenary
	
	
	

	Tree Diagrams
	To be able to draw a tree diagram

Can work out probabilities using a tree diagram
	Starter – recap of last lesson

Exposition

Activity – Questions on the whiteboard

Plenary – Target for future self

	Recap of prior lesson

Expo listening and completion of activity

Consolidate lesson’s learning through plenary
	
	
	

	Relative frequency
	To be able to find relative frequency

To be able to estimate probabilities based on relative frequency

Understand that more trials give the best estimate
	Starter – recap of last lesson

Activity – Small investigation with groups creating own sample spaces

Exposition

Activity – Questions on the whiteboard

Plenary – Write a sentence about theoretical probability versus relative probability

	Recap of prior lesson

Expo listening and completion of activity

Consolidate lesson’s learning through plenary
	
	
	

	Recapping and Post-Test


	To understand all previous probability work

	Starter – recap of last four lessons lesson

Post-Test
	Recap of previous lessons

Complete post-test

	
	
	


































PowerPoint slides 

Sesson 1
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Some example questions that could be used to recap basic probability that Year 9 pupils should know. The bingo provides a fun aspect straight after the pre-test.


Lesson 2
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Some example questions that could be used to practise using sample spaces. A worksheet with empty sample space tables could be an ideal scaffolding tool.


[image: ]Showing the usefulness of a sample space to something outside of the usual examples of dice and coins could engage the learners.
Again, scaffolding with a prepared table might be aid the learners.










Lesson 3
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Some exposition examples to demonstrate tree diagrams. A worksheet with questions on for practise, (see below), could be better than projected on a whiteboard due to the space needed to show the answers. Questions 6 and 7 could be used as an extension activity.



Tree Diagram Worksheet
1) The probability that it will rain tomorrow is 0.2
The probability that it will rain on Thursday is 0.4
a) Copy and complete the tree diagram from the whiteboard to show the possible outcomes of the weather for the next two days.
b) What is the probability that it rains on both days?
2) Becky and Amy are playing some games. The probability that Becky wins at chess is  and the probability that Becky wins at snooker is .
a) Draw a tree diagram to show the possible outcomes of winners.
b) What is the probability that Amy wins both games?
c) What is the probability that Becky wins either one of the games?
3) There are 2 sets of traffic lights on a journey. A car approaches the first set where the probability of stopping is 0.7. The car then gets to the second set where the probability of stopping is 0.4
a) Draw the tree diagram.
b) Find the probability of stopping at both lights?
c) Find the probability of only stopping at one set of lights? 
4) The probability that the school’s rugby team win a match is 0.5. The probability that they will lose is 0.3.
a) What is the probability that the team will draw?
b) Draw a tree diagram looking at the outcomes of the team’s next two matches.
c) What is the probability that the team will draw their next two games?
d) What is the probability that the team win only one of their next two games?
5) A bag of balls contains 3 red, 4 blue and 6 yellow balls. Jessy picks a ball out of the bag, makes a note of it before placing it back in the bag and then selects a second ball.
a) Draw a tree diagram showing all the possible selections Jessy could make.
b) What is the probability that Jessy selects a red and a blue ball?
c) What is the probability that Jessy selects two balls of the same colour?
d) Jessy decides to not replace the ball after her first selection. How does this change the probabilities for the second selection?
6) Lisa’s bag of pick ‘n’ mix contains 30 sweets. Lisa’s favourite sweets are jelly beans, sour cherries and cola bottles of which there are 5 jelly beans, 6 sour cherries and 8 cola bottles in the bag. Two sweets are selected at random and eaten.
a) Work out the probability that the first sweet that’s chosen is not one of Lisa’s favourite sweets.
b) Work out the probability that Lisa picks
(i) none of her favourites
(ii) two sour cherries
(iii) a jelly bean and a cola bottle
7) Create your own tree diagram question.

Lesson 4
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A similar investigation could be conducted. Results could be collected on a spreadsheet, with prepared cells to work out the relative frequency. Collecting the 1st 10 throws and showing that relative frequency before collecting the 2nd 10 throws would demonstrate the effect that more trials has on the relative frequency.
Practise questions could come from a variety of made up scenarios.
[image: ]

Getting the pupils to make a link between the two would help to develop learner’s literacy skills.









Lesson 5

As the last session before the post-test, an activity for revision would work well. A carousel between groups of learners, all of whom first become an ‘expert’ in one of the four previous lessons (basics, sample spaces, tree diagrams and relative frequency) before teaching their peers could work well.

Splitting the groups based on how they answer the self-assessment at the end of each session could allow you to group more confident learners with less confident.
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Percentage of Class obtaining Full Marks per Question

Pre-Test	1	2	3	4a	4b	5	6	7	93	86	93	86	0	55	55	14	Post-Test	1	2	3	4a	4b	5	6	7	100	93	100	90	17	55	62	52	



Individual Point Difference for Question 1 between the Pre- and Post-test

Diff.	1	2	3	4	5	6	7	8	9	10	13	15	17	18	19	20	21	22	23	24	25	26	27	29	30	40	41	42	43	0	0	0	0	0	0	0	0	0	1	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1	


Individual Point Difference for Question 2 between the Pre- and Post-test

Diff.	1	2	3	4	5	6	7	8	9	10	13	15	17	18	19	20	21	22	23	24	25	26	27	29	30	40	41	42	43	0	0	0	0	1	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1	0	0	0	0	


Individual Point Difference for Question 3 between the Pre- and Post-test

Diff.	1	2	3	4	5	6	7	8	9	10	13	15	17	18	19	20	21	22	23	24	25	26	27	29	30	40	41	42	43	0	0	0	0	0	0	0	0	0	1	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	2	0	0	


Individual Point Difference for Question 4a between the Pre- and Post-test

Diff.	1	2	3	4	5	6	7	8	9	10	13	15	17	18	19	20	21	22	23	24	25	26	27	29	30	40	41	42	43	0	0	-1	0	0	1	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1	0	0	


Individual Point Difference for Question 4b between the Pre- and Post-test

Diff.	1	2	3	4	5	6	7	8	9	10	13	15	17	18	19	20	21	22	23	24	25	26	27	29	30	40	41	42	43	0	0	1	1	0	0	0	2	0	0	0	0	0	0	2	2	2	0	1	0	1	1	1	2	0	0	0	0	0	


Individual Point Difference for Question 5 between the Pre- and Post-test

1	2	3	4	5	6	7	8	9	10	13	15	17	18	19	20	21	22	23	24	25	26	27	29	30	40	41	42	43	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	2	2	0	0	-2	0	-2	0	0	0	0	


Individual Point Difference for Question 7 between the Pre- and Post-test

1	2	3	4	5	6	7	8	9	10	13	15	17	18	19	20	21	22	23	24	25	26	27	29	30	40	41	42	43	2	0	2	2	2	0	0	1	0	0	2	0	0	0	2	2	2	0	2	0	1	0	1	2	2	1	0	1	0	


Individual Point Difference for Question 6 between the Pre- and Post-test

1	2	3	4	5	6	7	8	9	10	13	15	17	18	19	20	21	22	23	24	25	26	27	29	30	40	41	42	43	0	2	0	0	0	0	0	0	0	0	0	0	0	2	0	2	0	0	0	0	0	0	0	0	0	0	-2	0	0	


Full Marks Percentage change from Pre-Test to Post-Test

Percentage of Improvment	

+[CATEGORY NAME]

+[CATEGORY NAME]

+20%

+[CATEGORY NAME]

+[CATEGORY NAME]

+[CATEGORY NAME]

Minus	0%	7%	13%	20%	27%	33%	40%	0	6	7	8	3	3	1	1	
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image10.png
1) A pouch contains 4 black, 2 white and 7 orange beads. la 4
Patrick chooses a bead at random.What is the probability that it is: 13
a) black 2
b) white b) 13
c) either white or orange 9
d) neither black nor white? s
7
2) The table shows the amount of pupils in each house. d) bE)

a) How many pupils are there altogether?

b) A pupil is chosen at random. Tywi | Morlais | Lleidi | Cothi
‘What is the probability that the pupil is:

(i) female (ii) Tywi (iii) male and Cothi? |Male | 125 | 132 | 150 | 128
510 102 261 128 Female | 136 | 130 | 112 | 132
1045 ~ 209 1045 1045
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PROBABILITY RECAP

Example
There are 3 red pencils, 5 black pencils and 9 blue pencils on a table. | pick one at random.
What is the probability that:

Probability = possible outcomes

a) A red pencil is selected total outcomes

b) A blue pencil is selected

<) A black pencil is selected

d) A yellow pencil is selected

€) A red or blue pencil is selected o
f A penci that s not blue is selected The sum of probabilities is equal to |

Al probabilities are between 0 and |
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3) Out of every 100 people, 17 are left handed. 32) 7
‘What is the probability that a person chosen at random is: 100

a) left-handed b) not left-handed?

83
) 100
4) Lucy has to decide what final option to choose for her GCSEs.
The probability of each of her choices is given in the table.
Creative Athletic Scientific
0.35 023 x

a) Write down the probability that she chooses:
(i) Something creative (i) Something not scientific
b) What is the probability that she chooses something scientific?

4ai) 0.35 2ii) 0.35+0.23=0.58 b)x=1-0.58=0.42
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BINGO

Z 1 > 1
11 4 12
0.65 L 0.25 1
12 6
75% Z 2 34%
12 3
1 1 2 1
5 % 5 3
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NODY WERS: sample spaces

STARTER  # bag contains only red, yellow, green and blue coloured balls.

There are 30 balls in the bag,

‘There are 4 red balis

‘There are twice as many yellow balls as there are red balls
There are three tmes as many green balls as there are red balls
The remaining balls are bive.

Complete the table below to show the probabilty of choosing each colour of ball when
one ballis chosen at random from the bag.

Colour Red Yellow Green Blue

Number 4 8 12 6

Probability

8
i
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i 2 3 4

Heads| H1 | (H2) | H3 | (H4
Tail | (D | (72 T3 T4

Total outcomes = 8

Whatis the probability that a head is thrown and an even is spun?

2 1
P(Head) and P(Even) = £ =

What is the probability that a tails is thrown and anything but a 3 is spun?

P(Tails) and P(Not 3) = g
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3) Samantha went to the garden centre to buy some roses. They come in six
different colours and five different sizes.
Samantha buys a rose at random for Auntie Janice. Auntie Janice is fussy
and only likes red and pink roses and she does not like climbing or rambling
roses. What is the probability that Samantha has bought a rose

(i) that Auntie Janice likes (ii) that Auntie Janice does NOT like.
MO 2 =2
03553 35=5

4) Two dice are thrown at the same time, with their scores added together.
a) What is the most likely score?
b) What are the least likely scores?
¢) What is the probability that the total score is.
(i) an even number? (ii) bigger than 10? (iii) a prime number?
1 15 _ 5

18 _ 1
a)7 b)2and12 c)(i); =5 (i‘\)36 = = (iii); =5
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1) A 50p and 20p coin are flipped. What is the probability getting two tails?

NI

2) A coin is flipped and a die is thrown.

a) What is the total number of outcomes?

b) What is the probability of getting a head and a five?

) What is the probability of getting a tail and an odd number?

1 3 1
a)12 by— 2 -2
)12 c)12 4
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PLENARY

Which game are you most likely to
win at, the original or Sheldon’s
version?

In pairs, work out the probability of
winning each game using sample
space diagrams.

Try and come up with your own
sample space tables, however
there is a handout for help if you
need it.

HOW 10 PLAY

ROCK, PAPER, SCISSORS, LIZARD, SPOCK
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1
Peter goes to Archery club. The probabilty thathe hits the target is =

. What is the probabilit
First Shot Second Shot that Peter h_ag ahitanda
miss?
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Spinner
Red Yellow Blue P(Heads) and P(Yellow)

olR ok ok

Hand B
TandB P(Heads) x P(Yellow) =

Spinner
Red

N
X
W=
I

1
= Yellow

P(Tails) and P(Red)
Blue ORrR
P(Head) and P(Red)

Red 2

1 1
P
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Something to think about before and after the trials:
Which of the following is most likely to happen?

Investigation HTHTHTHTHT

= Each pair has a 2p coin.
M Tails
= Copy the table on the right into your books.

= Each of you will throw the coin 10 times and
tally how many heads and tails you receive in st
the 1% 10 throws . e

=
=

= Once you have both thrown the coin 10 times,
repeat again for the 2'¢ 10 throws row.

21410 throws
= Total your tally marks as you will shortly be

reporting on your results.
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Relative frequency

The frequency of an event is the number of times that it happens.

frequency of the event

The relative frequency of an event =
total frequency

The relative frequency gives an estimate of the probability.

Exercise 11:4, page 228 and 229
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Plenary

Write your own sentence about the link between probability in theory
versus probability in real life. Think about the trials with the 2p coins.

ossible outcomes
Theory The probability of an event = possoe outeomes
total outcomes
The relatie . frequency of the event
i e relative frequency of an event = ——————————
Real life auency . total frequency
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