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The school and class discussed in this report will be referred to as School Y and Class Z for anonymity.  School Y is an English-medium 11-16 comprehensive with just over 500 pupils located in the South of Wales with an estimated 70% of the 500 pupils who live in the 20% most deprived areas of Wales (Estyn, 2016).  Class Z contains 25 pupils who are in Year 8 and are currently in the top set for that year, five of the twenty-five pupils have Special Educational Needs (SEN). The research conducted in School Y with Class Z focused on misconceptions with directed numbers specifically addition and subtraction with negative numbers. The reasons behind investigating directed numbers stems from the amount of misconceptions that can arise in the topic as well as the variety of misconceptions (Rushton, 2014). In addition to this, the methods suggested and tested to combat these misconceptions are intriguing and allows for personal development of knowledge in cognitive conflict (Carpmail, et al., 2013).
Misconceptions arise throughout most topics in Mathematics especially algebra, fractions, decimals and probability (Kennedy, 2015). The concept of misconceptions has been derived and discussed by many (Sharma, 2018), (Carpmail, et al., 2013) suggests that misconceptions occur when a child already uses their base knowledge to complete an unfamiliar task.
(Carpmail, et al., 2013) also conveys that teachers have a great deal of importance when it comes to highlighting misconceptions and combating them, however, the teacher’s knowledge, expertise and experience can either help or hinder this process. When a teacher has too much knowledge or expertise such as master level degree or a PhD, understanding the difficulties children face in a topic can become a challenge whereas a teacher who has struggled in a similar way to a child could lead to concepts being taught in a more relatable and efficient way. Similarly, a teachers’ experience could also increase or limit their misconception knowledge as teachers who come across them when teaching will allow new teaching methods and concepts to be developed for next time, however, if a teacher has never experienced a misconception in a certain topic they may not know to look for it or how to combat it. 
The need to combat misconceptions and which methods to use has been discussed and researched by many over the years (Kennedy, 2015) however, one approach has been highlighted to be efficient and reliable in helping pupils’ error regarding operations with negative numbers. This approach is known as the concrete-pictorial-abstract (CPA) model and was shared by (Sharma, 2018). The CPA model describes the step by step process needed to allow pupils to learn new topics without creating misconceptions and errors. The first step known as ‘concrete’ involves introducing the pupils to a concrete example - usually real-life context – of the topic being taught, thus for negative numbers, temperature and debt are good examples (Shutler, 2017). This allows pupils to be able to relate and understand the topic more efficiently rather than trying to compute an idea from abstract information given by teachers either verbally or from a textbook or PowerPoint (Sharma, 2018). The ‘pictorial’ aspect of the CPA model describes the idea of using visual diagrams such as animations or pictures to provide pupils with a pictorial concept of the topic. This is a different but connecting way to understand the topic, in terms of negative numbers, a number line is a pictorial way to denote negative numbers which helps reinforce the concrete idea of temperature, as a number line is like a thermometer (Ural, 2016). The final stage of the CPA model ‘abstract’ involves moving from the pupil’s concrete and pictorial knowledge of the topic to an abstract idea of the topic, for example, understanding the following question involves using abstract knowledge: “if a child has 3 sweets and they give 7 sweets to their friend, how many sweets does the child now have?” 
Physically, in real life (concrete), the pupils know that seems impossible as the child only had 3 sweets to begin with, so how can they give away 7 sweets. This is a situation most pupils could imagine and understand as they have probably all been to the shop, bought sweets and given some to a friend but giving away more sweets than they have causes difficulties. However, if the pupils now use an abstract concept of writing the questions as a sum 3 – 7, they can then use their pictorial knowledge of a number line to complete the sum and get the answer -4. Although the CPA model consists of three stages (Sharma, 2018) conveys the process to be fluid in the way that pupils can move back and forth between stages to reinforce their understanding of the topic. Regarding my research and study, this CPA models massively underpins my questions on the pre and post diagnostic tests, methods and explanations in my intervention lessons and the type of discussions and language used throughout the lessons.
(Bojanić & Todorović, 2015) begins to explain how pupils struggle with the concept of negative numbers and why many have different misconceptions which may be not be understandable when first investigated. (Bojanić & Todorović, 2015) also conveys the suggestion that pupils become confused with the idea of that a negative number is a number less than zero, as the concept of something being less than zero creates the confusion known as a paradox. This could be due to them being told that zero means nothing and thus the idea that a number can be less than nothing doesn’t work or fit in with their previous knowledge regarding numbers (Bofferding, 2014). To combat this paradox, (Bojanić & Todorović, 2015) brings forth the suggestion of using realistic and physical concept of debt, temperature scales and topics within physics such as magnitude which links back to the concrete stage of the CPA model. 
Although the concept of debt wasn’t discussed in great detail during my intervention lessons, it is a valuable and understandable method to help combat the misconception regarding the appearance of negative numbers and how they exist (Ural, 2016) (Shutler, 2017). However, due to the young ages of pupils in secondary school and those in class Z, I decided debt wasn’t the most appropriate route to take when displaying the physicality of negative numbers, as not many pupils at the age had come across negative numbers in bank accounts and aware they notate debt and owing money. Therefore, leading me to the concept of temperature scales as most pupils have seen a weather map on the news at home on the television or they have seen a negative temperature displayed on social media, freezers and on thermometers (ISIK, 2018). By using temperature scales and other physical concepts the pupils have seen in real life it allows for a relational understanding of negative numbers rather than an instrumental approach of telling the pupils they are numbers below zero (Sharma, 2018), as this can cause conflict in the pupils previous knowledge and relational understanding has been seen to improve the efficiency of a pupils memory or knowledge on a topic covered in the past (Skemp, 2006). To avoid an instrumental understanding of negative numbers (Bojanić & Todorović, 2015) suggests using the number line method and visual stories to provide pupils with a physical and realistic concept on operations with negative numbers thus using the ‘pictorial’ stage of the CPA model. This concept resulted in using the number line method and discussions regarding operations with negative numbers in the intervention lessons.
Research shows that negative numbers create difficulties for pupils as they try to understand the meaning of them and where they have a real-life context (Gallardo, 2002); (Gallardo & Romero, 1999); (Peled, et al., 1989). As discussed above, instrumental learning does occur in schools all over the country due to the belief of providing quick and immediate learning and thus (Skemp, 2006) noticed that teachers do utilize instrumental teaching in Mathematics, however, they couldn’t give pupils the subject’s true meaning with relational procedures. (Melemezoğlu, 2005) suggested that the pupils had misconceptions about the operations involving directed numbers, literacy problems and producing a pictorial model with negative integers. In addition to this, (Ural, 2016) highlighted that some pupils have difficulties when ordering negative integers and doing operations with negative integers. Due to this, I decided to study the misconceptions surrounding operations with negative numbers via the use of pre and post diagnostic tests including questions regarding ordering negative number questions.
Looking into more detail the different types and variety of misconceptions involving negative numbers, (Bofferding, 2014) highlighted and investigated the following four; Magnitude, Unary, Binary and Symmetric. Magnitude describes the common misconception conveyed when pupils try to understand the value of negative numbers, for example, if we have a -8 and 5 they would believe -8 is larger than five as their base knowledge that 8 is larger than 5. This misconception also transfers to operations with negative numbers, for example, pupils believe -8 + 4 = -12 and -7 – 4 = -3, as addition leads to a larger value and subtraction leads to a smaller value (Carpmail, et al., 2013), due to this I created question eight on my test to highlight this misconception. The unary misconception involves the pupil seeing the operation as worded and as one unit, an example of this would be a pupil calculating -2 + 1 and giving the answer -3 because they see the sum as one more than -2. Since this is a common misconception (Gallardo & Romero, 1999), it has underpinned question one and seven on my pre and post diagnostic test. Regarding the binary misconception, pupils calculate sums involving operations as two separate parts, thus if a pupil has the sum 6 - - 1, they would give the answer 4, this is due to them calculating six minus one and then minus another one giving their answer of 4 rather than the correct answer of 7 (Kennedy, 2015). The symmetric misconception consists of pupils completing sums with negatives and minus signs and making the two sides of the equal sign symmetric, an example of this would be -4 + 6 = -10. This is because pupils would calculate 4 + 6 to get the answer 10 however they see one minus sign on the left-hand side connected to the 4 and so give the answer a minus sign to make it symmetric (Bofferding, 2014).
When researching more into misconceptions with directed numbers, (Bellamy, 2015) and  (Altiparmak & Özdoğan, 2010) highlighted the concept of understanding terminology. Although the idea of pupils knowing what “=, +, -“ describe and having an understanding of them seems trivial (Sharma, 2018), studies have shown primary schools most children are taught incomplete meanings (Bellamy, 2015). For example, “=” means an instruction to complete a task and “+” and “-“ describes an operation either add or subtract. However, when the children meet negative numbers and operations involving them, their basic understanding of the “=”, “+”, “-“ creates misconceptions (Rushton, 2014). This occurs when pupils see a sum consisting of any number, a subtraction operation and a negative or positive number, and the children are unable to understand that the first symbol is the operation and the second denotes positivity or negativity of a number e.g. 2 - + 4. Therefore (Bellamy, 2015), (Sharma, 2018) and (Shutler, 2017) suggest that in order for pupils to have a relational understanding of operations with negative numbers they must first be aware and understand the different meanings connected with the symbols seen. 
Reverting back to the pictorial aspect from the CPA model, (Fischbein, 1987) and (Freudenthal, 1973) also agreed that number line models could be helpful for supporting negative integer addition. In addition to this, (Gallardo, 2002), (Fischbein, 1987) studied cognitive representation of negative numbers through various standards and classifications and they indicated that negative numbers could reasonably be represented in a cognitive way on the number line. This method underpinned the intervention lessons with class Z due to its familiarity and relational teaching (India, 2014) however (Bellamy, 2015) does explain that the number line method does have its limitations in regard to negative numbers and its application to the operations of multiplication and subtraction. Another method discussed briefly above to combat misconceptions is the idea of temperature scales which creates a concrete aspect of the CPA model (Beswick, 2011) explains that the concept of teaching negative numbers with the temperature scales is more efficient and a starting block as it is seen as “familiar and transferable” for the pupils. If you ask a pupil to compare the difference between minus eight degrees and minus two degrees using a thermometer, (Shutler, 2017) conveys that pupils are able to show and explain that minus eight degrees is colder using the thermometer, therefore suggesting they understand the scale and thus negative numbers (Beswick, 2011).
 Although the concept of owing and owning has been considered an effective and concrete method to explain calculations with negative numbers, the concept could be more effective when combined with a pictorial diagram or animation of a bank. (Shutler, 2017) explains that using a simple diagram involving circles to denote money could help pupils understand of owing and owning in a visual context. 
[image: ]
This pictorial diagram is taken from a symbolical Approach to negative numbers by (Shutler, 2017)
[image: ]A method similar to this in terms of explaining operations with negative numbers using pictorial diagrams is conveyed by (Shell Center, 2015) where they used circles with a positive or negative sign in the middle to denote positive and negative numbers as charges thus explaining the idea that positive and negative charges cancel out. An example of this is below, taken from (Shell Center, 2015):

By using this model, it allows pupils to separate the operations from the minus and addition signs which are representing the positive and negative numbers. In addition to this, it takes a complex calculation e.g. + 5 + - 2 and removes the complexity using pictures, thus making it look simpler as pupils understand that (+5) is five positive circles and they need to add (-2) which is two negative circles. Now that they know positive and negative circles cancel out they can see that they have three positive circles left hence the answer is three. This approach links back to the CPA model as its pictorial (Sharma, 2018) and (Otten, 2014) also created a similar concept except using dice and worded card stating add or subtract to develop more abstract thinking. Thus, taking this idea and applying it to hot air balloons using air as positive numbers and sandbags as negative numbers underpinned my intervention lessons. 
(Shutler, 2017) suggested the concept of difference pairs, this involves using the statement that if we have a sum: (11-5) + (4 -3) then this equal to calculating (11+4) – (5+3), which is correct however is very instrumental in the way of learning it. Although this can be used when dealing with negative numbers it could create more confusion for pupils with the commutative misconception or even develop the misconceptions for some (Bofferding, 2014). The commutative misconception consists of pupils believing addition and subtraction are commutative, thus if we had the calculation 4 – 9, they would give the answer 5 due to them thinking 4 – 9 is the same as 9 – 4. Thus, I decided to not involve this concept to avoid creating any more misconceptions.
To summarise, in my pre and post diagnostic tests I used eight questions consisting of sub parts created specifically to highlight the misconceptions discussed above. In addition to this, after conducting extensive research I decided to use the number line method, the hot air balloon activity and relatable and transferable concrete context when explaining what a negative number is. 
In relation to School Y’s practice regarding directed numbers, their scheme of works for each year are designed not only to incorporate each individual strand of the National Curriculum but they also highlight teaching methods, probing questions and misconceptions that arise in each strand. When exploring the year 8’s scheme of work for class Z, several teaching methods and misconceptions were already discussed. The teaching methods involved suggested the concept of using a number line for addition and subtraction of negative numbers however they also stated that the number line isn’t helpful when discussing and teaching multiplication and division of negative numbers, which has been stated by (Bellamy, 2015). The method of using a number line will be discussed in more detail below however this was one of the many methods I used during my intervention lessons with class Z.  Another teaching method suggested was to combat any misconceptions regarding the positive and negative signs and their difference from addition and subtraction by using temperature – a real life topic – to allow for cognitive conflict. This technique was also used in my intervention lessons to allow for the pupils to have a physical concept of negative numbers rather than an abstract view, an idea suggested by (Sharma, 2018)to help learners understand information in a more relatable manner. Another misconception stated in the scheme of work was the rule “two minuses make a plus” explaining the belief that pupils will state that minus four add minus six will equal ten rather than minus ten (Bellamy, 2015). Further on in the scheme of work the idea that pupils will see subtraction as commutative is highlighted which was one of the several misconceptions I came across when researching directed numbers and their misconceptions, thus conveying the importance of this type of misconception. This is a common error that may have not been addressed in the pupil’s earlier stages such as key stage 2 and so leads to misconceptions in other topic areas such as directed numbers and decimals.
To research into the misconceptions surrounding addition and subtraction of directed numbers, I used both a pre-diagnostic and post – diagnostic test. In addition to the tests, intervention lessons took place after the pre-diagnostic test but before the post – diagnostic to show whether the pupil’s misconceptions were combated in the intervention lessons. A pre-diagnostic test consisting of eight questions and two sub part questions was given to class Z at the beginning of the week. This test and the questions were specifically designed to convey any misconceptions the pupils had regarding directed numbers which could have stemmed from earlier development in school. 
[image: ]Below is question one on my pre-diagnostic test – Calculations with directed numbers – for this question and the multiple-choice answers given I used inspiration from (Kennedy, 2015). Which gave the same question to similar groups of pupils and recorded the answers they received and gave reasons as to why they believe they got the answers they had. (India, 2014) uses the number line method to explain how the correct value to question one should be minus six, in addition to using the visual method of the number line they also explain the correct value using the concept of owning and owing, the idea being that if you have a positive number then that’s how much you own and if you have a negative number that’s how much you owe. The answers six, fourteen and minus fourteen are all misconceptions for this question. Pupils tend to answer six as they seen the number four and they see addition with an unknown number that equals ten thus pupils see four add six is ten and then they believe the sum is now symmetric as there is one minus on the left side and one on the right hand side (Shutler, 2017). (Bofferding, 2014) suggests that pupils choose fourteen and minus fourteen as they are aware that minus four is below zero and to achieve the number ten they must add fourteen to four however they disregard the minus sign once again on the ten. Due to the explanations above and the variety of misconceptions that can be highlighted by this type of question, I chose to make this my first question on my pre-diagnostic test.
Following on from this, my second, third and fourth question involved ordering both positive and negative numbers in ascending and descending order as shown below:
[image: ]

Although all three questions look the same there are slight differences in each one to convey specific misconceptions, for example in question two, I asked the pupils to write five positive numbers and one negative number in ascending order. This was used to show if the pupils understood that a negative number is lower than a positive number thus minus four is lower than one. This concept can be difficult to understand for some pupils since they know from primary school that four has always been bigger than one and so will disregard the minus and believe minus four is bigger than one, highlighting the magnitude misconception (Bofferding, 2014). Question three is very similar to question two regarding writing positive and negative numbers in ascending order however in this question I chose to include more negative numbers to highlight whether the pupils understood that the smaller the minus number the bigger the number altogether, for example minus one is bigger than minus nine. This is another concept that can cause pupils to become confused and use their base knowledge to answer the question, as from a young age they are aware that one is smaller than nine and thus state that minus one is smaller than minus nine which is incorrect. When creating all the questions above, I also wanted to check they understood the meaning of ascending and descending order and were reading the questions. Although this doesn’t relate directly to my research it allowed me to see whether they understood that descending order meant biggest to smallest rather than smallest to biggest and that they had the knowledge that positive numbers are always bigger than negative number regardless of the unit and that the bigger the negative number the smaller the value, thus meaning minus seven is not bigger than minus five or one. In addition to this, I also included the number zero in question four to test whether pupils understood that zero is neither a positive nor a negative number but rather it is the barrier between both. 
[image: ]Both question five and six of the test involved two sub parts each as seen below:

For these questions I wanted the difficulty to increase to highlight the pupil’s knowledge of basic addition and subtraction with one negative number to begin with and then increasing to both numbers being negative and both operations being used. To avoid confusion in question six and allow for pupils to realise the first symbol is an operation and the next symbol notates the positivity or negativity of the number, I implemented brackets around the negative numbers (Sharma, 2018). Looking at part i) in question five, the simplicity of the question allowed for myself to see if pupils could add a positive number onto a negative number whether this be from using a number line, a real life scale such as temperature or another method, the limitation of these questions is that I didn’t ask them to show their working out and thus unable to state which method they used. Part ii) of question five is very similar to part i) except this sub part involves testing a pupil’s knowledge on subtracting a positive number from a negative number. In terms of misconceptions, part i) tends to receive the answer of minus six, (Bofferding, 2014) suggests that pupils see the number two and four and are aware of the operation of addition and thus add two and four to get six but they know there is a minus in front of the two and so there believe there should be a minus in the answer and thus put a minus in front of the six. Thus, showing the symmetric misconception. In relation to part ii) the common answer given is eight, which seems impossible to some in how pupils get answer however if we look at the rule “two minus make a plus” they know that minus three subtract five is minus eight however because they see two minus signs in the question they believe the answer changes from minus eight to eight, hence a misconception centred around a rule that has been made to try and help pupils with directed numbers but in a very instrumental manner rather than relationally (Skemp, 2006).
[image: ]Below is question seven and eight of the tests:
[image: ]Question seven is very similar to question one regarding the design and layout of the multiple-choice answers which have been known to be the common answers to the question usually obtained due to a misconception. Question eight of the test allowed for pupils to explain their answer and provided me with reasons for why they wrote their answers, relating to misconceptions I used the question to highlight the concept that pupils will always think adding two number together will create a bigger number or vice versa with subtraction. After giving the pupils the pre-diagnostic test with the above questions and teaching the intervention lessons, I then gave the exact same post-diagnostic test to allow for clear comparison between the pupil’s answers before and after the intervention lessons (Walkgrove, 2015). Although this allows for comparisons and evaluation, this method does have several limitations as we cannot directly say that a pupil’s score improved due to their misconceptions being combatted in the intervention lessons but rather they could have been unwell or tired in the first test and performed poorly or they could have had extra tuition in-between tests therefore improving their score regardless of the intervention lessons.
After giving class Z the pre-diagnostic test I began the intervention lessons which consisted of three consecutive lessons aimed to combat the misconceptions around addition and subtraction of negative numbers, specifically those highlighted in the results of the pre-diagnostic test. At the beginning of the first lesson, the pupils were asked to create a mind map centered around their previous knowledge on negative numbers. Mind maps have been found to have both positive and negative impact on developing creativity and bringing forth specific knowledge (Erdem, 2017) hence the reason for implementing this in my first lesson. Although as a class we discussed some of the pupils ideas they had collected on their mind maps, I wasn’t able to see all the pupils finished mind maps when circulating the room due to the short time given to them to complete the task thus giving me little opportunity to combat any misconceptions the pupils may have come across when developing their mind map. Following on from the mind maps and discussing the idea of temperature – brought up by one of the pupils – I asked the question “what is the purpose of a fridge?” by asking this question I was expecting most pupils to say keep food cold or to cool down items which did occur. However, once I mentioned the idea of frozen food being placed into a fridge the pupils slowly start to realise that the fridge also allows food to become a warmer temperature than they were previously. We also discussed this concept using temperatures, I used this discussion to bring forth the concept that temperatures can rise or fall just like negative numbers and that a bigger negative number in temperature means the colder it is and the smaller the negative number, the warmer the temperature which is how the number scale works.
On the next slide of the PowerPoint was five questions of the same layout except the type of numbers involved. The questions consisted of asking the pupils which numbers was the biggest out of two numbers. For example, which number is bigger minus five or minus one, depending on whether the pupils had a magnitude misconception some chose the answer minus five and others chose minus one. Those who chose minus five are most likely to have the misconception that because five is larger than one and has been since primary therefore minus five must be bigger than minus one hence magnitude. The concept of introducing these questions before the method of a number line is to allow the pupils time to think of real-life situations where minus five is larger than minus one and to allow the opportunity for cognitive conflict to highlight that a negative number is lower than a positive number as well as the larger the negative number the smaller that number is (Sharma, 2018). Following on from these questions, I introduced the concept of using a number line when adding and subtracting negative numbers. This concept allows for pupils to use the method of ‘counting on’ or ‘frog jumping’ to see visually the addition and subtraction for example, if we have the sum minus eight add four, the pupils can draw out a number line from minus 8 to eight and then starting at minus eight move up four numbers to see that they get the answer minus four, combating the idea that adding two numbers together will give a positive number. By using this method, it allows the pupils to add and subtract simple sums involving positive and negative numbers.
When calculating more complex addition and subtraction sums with negative numbers pupils tend to become confused and try and remember the rule “two minuses make a plus” (Sharma, 2018). To avoid this, I introduced the hot air balloon concept during the second intervention lesson adapted from (nrich.maths.org, 2019), this concept involved giving a game board consisting of two numbers scales from minus twenty to twenty and two game pieces which were two hot air balloons to a pair. In addition to this, the pair were also given two piles of cards; operation cards (add/subtract) and number cards (-9 to +10) with the following description: A positive number on the card represents puffs of hot air; if you add hot air to your balloon you will rise, and if you subtract hot air you will sink. A negative number represents sandbags; if you add sandbags your balloon will sink and if you subtract sandbags your balloon will rise. Both students would take it in turns to turn over an operation card and a number card. For example, if they turn over add -7, this is like adding 7 sandbags, so your balloon will move down 7 spaces. To win, they either needed to get to the top, or needed to be afloat when your opponent sinks to the bottom. This idea allows for the pupils to calculate more complex sums such as -9 + -2 as they can visual see that their hot air balloon is at -9 and that they are adding (-2) which represents two sandbags, thus if they are adding two sandbags they understand that their balloon will sink two places and thus the answer is -11 and not -7 which is a common misconception (Bofferding, 2014). This method also allows for pupils to revert back to this when in an exam or lesson rather than the pupils trying to remember if a positive and a negative makes a certain number. Thus, providing a relational way rather than an instrumental way to calculate complex negative numbers (Skemp, 2006). During the second lesson the pupils were also given a worksheet comprising of questions like these: -8 + 3, -6 - +4 and 4 - -7. The questions started off simple to allow pupils to use the number line to calculate the sums and then the next questions involved multiple operations and minus signs to bring forth confusion but to enforce the hot air balloon concept and to try and take the focus of the rule of “two minus make a plus”. To finish the second lesson, the pupil were asked to create three questions of their own like those on the worksheet to give to their peer next to them to complete. Once the questions were completed and given back and marked, each pupil had to provide a positive comment and an improvement comment for next time, this could be regarding the question they got wrong or how they wrote their workings out. This process allowed for the pupils to create their own complex questions showing me what type of questions they find difficult, also by marking and giving feedback to their peers they can see the misconceptions offer pupils have and combat them by highlighting how to avoid and provide the right answer.
For the third lesson, the starter focused on recalling the pupil’s prior knowledge on addition of negative numbers from the previous two lessons. The questions asked, “what number is added to a positive number to get a lower positive number?” for example, “What number is added to 8 to get 3?” I used these questions to highlight the misconception that adding two numbers together will results in a higher answer however this is not the case when involving negative numbers. These questions did cause confusion to begin with for most of the class and thus I provided a little scaffolding in the form of using a number line to complete the first of the three questions showing that if I start at 8 I must go back five to get to 3 and thus going backwards hence adding a negative 5. Once I explain the first question the class were able to apply that knowledge to complete the next two questions. The main activity for the third and final lesson involved a sheet involving dots and a scoring system thus creating a gaming aspect. The game was played in pairs and they each need a different coloured pen/pencil. Each person took it in turns to join two dots, which are next to each other, using a straight line – no diagonals were allowed - If a player completed a square they coloured it in their own colour and received the score inside the completed square which they must add to their previous total (which could be a positive or negative number). They would then get another go. The winner was the player with the highest score at the end when all boxes are filled. This activity allowed the pupils to reinforce their knowledge on solving sums involving negative numbers while participating in a game rather than sat doing a worksheet which has been suggested to help pupils learn and remember more due to the stimulating aspect of the activity (Bruno & Almeida, 2014). In addition to this, if any mistakes are during the game the other player will most likely spot this and correct the other person thus providing opportunities to the pupils to spot errors and combat them independently.
To conclude the final intervention lesson, I used a mini game as a plenary. This game is known as elimination and is quite simple, it involves all the pupils standing up behind their chairs, once everyone is stood up I begin asking one pupil a question regarding negative numbers. These questions were either a sum which they had to calculate, a question regarding which number was bigger or describing their method to complete a calculation with negative numbers. If the pupil gets the answer wrong, they are eliminated and sit down however if they got the question right they remain standing and nominates another pupil in the room to answer my next question. This continues until one person is left standing and that person wins a prize. Although this is quite a simple game, it allows for pupils to become competitive as there is a prize available and thus becomes another stimulating activity which is more likely to be remember. This activity also allows the pupil’s time to evaluate all the knowledge they have just been taught and learned in the previous lessons. Although this topic could have been taught by some teachers in one lesson or even two, I choose three lessons to ensure I had time to address more misconceptions rather than brushing over the topic, I also choose this as it allowed pupils time to understand addition and subtraction with negative numbers in a relational way rather than an instrumental way of remembering certain rules. If I did this study again I would try to use two lesson to see if there is a difference when spending more time on a topic that necessary and whether this is an efficient change to make. In addition to this, I would also provide the pupils with multiple methods in which can help pupils understand addition and subtraction of negative numbers for example the concept of owing and owning discussed in the previous section.
After marking both the pre-diagnostic and post-diagnostic test, analysing and evaluating the results, I found that overall 76% of the pupils had an improved score on their post-diagnostic test. Although it is uncertain as to whether they improved due to the intervention lessons, there is a suggestion that the lessons were beneficial when addressing and combatting some of the pupil’s misconceptions regarding calculations with negative numbers. Looking at each question of the test in more detail, I found a mixture of increases and decreases in scores for both the pre and post-test. For question one, 72% of the pupils answered correctly in the pre-test and 96% of the pupils answered correctly in the post-test showing an increase of 24%, once again although we cannot directly say the increase in caused by the intervention lessons. However, I did involve questions like question one in intervention lesson three asking what number is added to get a smaller result thus the increase in scores could be related to the pupils seeing this style of question in the intervention lessons and being able to apply their new knowledge in the post-test. Regarding question two, the results show an increase of 4% from 96% to 100% meaning that every pupil in the post test got this question right. This could be due to the pupil’s better understanding of negative numbers and how negative numbers are smaller than positive numbers however only one pupil got this question wrong in the pre-test and this was due to them missing out one of the numbers in the sequence hence showing a human error and not a misconception. 
Due to the similarity of question three and four I expected a similar increase in score however the results show that there was a similar decrease instead. Question three highlighted a decrease of 8% from 96% to 88% however looking at the pupil’s answers, three missed out a number in the sequence, once again showing human error rather than misconceptions and only one pupil wrote a positive number in the place of a negative number. Thus, the decrease in the scores could be a result of tiredness and lack of concentration rather than the quality of teaching in the intervention lessons. Similarly, question four showed a decrease of 4% from 72% to 68% however in both the pre and (Carpmail, et al., 2013) post-test the majority of pupils wrote the numbers in ascending order rather than descending as the question specified highlighting that the pupils understood which numbers were larger and smaller out of both positive and negative numbers but made the mistake of not reading the question correctly or not understanding the meaning of descending.  Thus, suggesting that the decrease in the results may not be due to the intervention lessons but a common test error of not reading the question. 
Looking at question five and six, each question had two parts. For question five-part i) there was a decrease of 24% from 92% answering correctly to 68%. This was surprising as the question was testing simple addition with a negative number which should have been calculated using the number line method shown in both lesson one and two of the intervention. Both pupils which answered incorrectly in the pre-test did answer correctly in the post-test which could suggest that implementing the method of the number line in the intervention lessons helped. However, since there were several pupils who got the answer correctly in the pre-test and then answered wrong in the post-test, the number line method could have had a negative impact on some pupils causing more misconceptions and confusion regarding this style of questions. The results for part ii) showed not difference in terms of the number of pupils answering correctly, however looking in more detail several pupils who answered incorrectly in the pre-test answered correctly in the post-test but some pupils who answered correctly in the pre-test didn’t in the post-test creating a similar result to part i). Although question five was created to highlight misconceptions on simple calculations with negative numbers, the results show an increase of 44% for part i) of question six and 20% for part ii) which tested the pupils on more complex calculations suggesting that the pupils understand the hot air balloon concept better than using the number line method.
Although question seven is similar to question one in regard to the multiple-choice layout, the results show a decrease of 12% from 88% to 76% this may be due to the complexity of the question in comparison to question one, as question seven involves adding a negative number to a positive number which tends to cause more confusion (Bofferding, 2014). However, there were three pupils who did not answer the question on their post-test, this could be due to confusion of the question or the pupils may have missed out the question and forgotten to go back and try to complete it. Due to the uncertainty of why the pupils did not answer the question, the decrease could be due to other factors rather than the intervention lessons. Finally, the results from the post-test show an increase of 10% for question eight, this highlights that several pupils had a better understanding of negative numbers due the explanations they gave. However, it is difficult to establish whether they gain this new and improve understanding from the intervention lessons or whether they may have researched and revised this topic themselves or with a tutor or parents. Similarly, we cannot tell if the pupils that answered correctly on the pre-test and incorrectly on the post-test had more misconceptions and became confused or whether they were experiencing illness, lack of concentration or maybe lack of enthusiasm and motivation to complete the questions hence leaving some blank.
Although pre-diagnostic and post-diagnostic tests allow for easier comparison and statistical data to be collected and analysed, there are several limitations that can affect the outcome of the test results. Regarding the pupils and the class used in this study, I made sure to use the exact same class to allow for fair comparison however I found it extremely difficult to ensure each of the pupils were in class at the time of both tests as several pupils scores had to be disconcerted due to them only attending one of the tests. Also, several pupils in the class had mock exams during the week and so weren’t in class when some of the intervention lessons were given hence hindering their results for the post test and making it difficult to analyse whether one or two of the intervention lessons made an impact or combatted any of their misconceptions. In addition to attendance, ensuring the pupils took the tests at the same time in the day and week was near impossible due to their timetables differing every fortnight thus the pupils may have been tired during one or both tests hence affecting their concentration, motivation and enthusiasm during the test and causing lower scores or mistakes. Similarly, if the pupils took the post- test in the afternoon after lunch, where they were given the opportunity to be active and eat to boost their energy and concentration, they may have increased their scores in the tests. Therefore, creating a difficulty in deciding whether the intervention lessons were the reason for the increase or decrease in scores.
If I was to do this research and test again I would try to enforce that the class takes the test at the same time on the same day to allow myself to eliminate this as a factor that could affect the pupil’s scores in the tests. In addition to this, I would try to arrange both tests and the intervention lessons to take place in the space of a week to allow pupils to have all the information they have learnt in the intervention lessons to be fresh in their mind and not be forgotten over the weekend or even an entire week depending once again on their timetables. This would combat the idea that pupil’s memory is affecting their results rather than their new knowledge learnt in the intervention lessons. Similarly, I would also make the pupils complete both tests in a more appropriate environment such as a sports hall or a bigger classroom as during my analysis of the tests results I came across two tests which had the same answers especially the answers to question eight which involved a worded explanation. After further investigation into the answers and the pupils who completed the tests, I realised that they were sat next to each other, thus suggesting that they used each other to answer the questions and thus explaining how they had the same answers. Due to this occurring, the next time I complete a study involving tests I would ensure that each pupil is sat on a separate desk which is a fair distance away from any other pupil to combat any copying of answers. This would therefore eliminate another factor that could affect a pupil’s answers and scores rather than the wanted factor of the intervention lessons.
Finally, if I was to complete this research and study again I would provide more opportunity for each pupil to explain their answers which creates more qualitative data for myself to analysis and understand more misconceptions in more detail. For example, if I was to utilise a multiple-choice question I would create a sub part asking the pupils to explain why they think -6 + 4 is -10, this would allow myself to see why each pupil answered -10 rather than suggesting and would also highlight which pupils have the same misconception instead of just the same answer. I believe creating this data would provide much more valuable and necessary information rather than just numbers and estimations which could be used to help more teachers combat several misconceptions which they may have never come across and maybe provide reasons as to why the pupils have these allowing for early intervention.
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cannot spend money which you do not have. If you are paying with a debit card linked to a bank
account, however, and that account has a credit facility, then you can spend more than you have,
by spending some of the bank’s money as well as your own. This situation is pictured in Figure 4,
where your $5 is a stack sitting on top of what is effectively an infinite amount of the bank’s
money, so spending $8 will result in a well $3 deep in the bank’s money which represents your
debt. This model should therefore be called the banking model, and is a development of the hills and
dales model (New Zealand, 2014) in that the hills and dales can be stacked and measured as in
Bartolini’s model (Bartolini, 1976). It overcomes some of the problems faced by previous attempts to
incorporate notions of credit and debt (Peled & Carraher, 2008), because, not knowing exactly how
much money the bank has, attention is on the stacks and wells, not the bank money round it, and the
institutional impersonality of the bank means the debt must be personal to you and not merely a loan
made by a friend.

a ‘stack’ a fwell”

positive bala negative balance

you owe the

bank $3

spend

s8

Figure 4. The banking model of positive and negative integers represented as stacks or wells,
sitting on top of an indefinitely large amount of bank money.
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Calculations with Negative numbers (Directed numbers)

Year 8 Test

Name:

Answer all the questions in the boxes provided unless stated otherwise.

Question 1: What number goes in the following box?

—4 +|:|=—10

Circle the correct answer:

a) 6

b) 14
c) -14
d) -6

Q

Wed 13 March 16:19
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Question 2: Write the following numbers in ascending order in the box below:
11,5,3,1,22,-4

Question 3: Write the following numbers in ascending order in the box below:
-1,3,7,31,-9,-2

Question 4: Write the following numbers in descending order in the box
below:

-5,8,0,1,-2,-7

B = 75% W 4 @ L = Q_ Wed 13 March 16:26
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Question 5: Calculate:
i) 2+4=

i) -3-5=

Question 6: Calculate:
i) -7+ (-4)=

Question 7: Calculate 18 + (-4)

Circle the correct answer to the question below:

Wed 13 March 1
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) T+(4)=

Question 7: Calculate 18 + (-4)

Circle the correct answer to the question below:

Question 8: Adam states that “When you add any negative number to a
positive number you always get a bigger number as the answer because when
you add two numbers together the answer is always bigger.”

Is Adam’s statement correct?

er and explain why you have chosen that answer.

Q_ Wed 13 March 1
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Question 8: Adam states that “When you add any negative number to a

positive number you always get a bigger number as the answer because when
you add two numbers together the answer is always bigger.”

Is Adam’s statement correct?

Tick your answer and explain why you have chosen that answer.

Yes No

Wed 13 March 16:26




image1.png
Prifysgol Cymru
¥ Drindod Dew Sant

J University of Wales
Trinity Saint David




