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Fractions have often been considered as one of the least popular areas of mathematics. Many children find the concept of fractions as 'tough' and too often children have had difficulty understanding why they are carrying out a specific method to solve a calculation involving fractions (Gabriel, 2013).
Fractions are a topic that gives students learning difficulties around the world. In numerous countries around the world, the average student is never able to highlight connections between the concept of fractions. In America, according to the National Council of Teachers of Mathematics, on a national test, only fifty per cent of eighth graders accurately ordered fractions from smallest to largest (National Council of Teachers of Mathematics, 2007). Despite possessing students who achieve the excellent concept of awareness, such as countries like China, Korea, and Japan, students still find fractions considerably tricky (Moseley, B., Okamoto, Y., & Ishida, J., 2007). A reason for the difficulty in fractions comes from the student's first exposure to the topic, many rules that are true for most mathematical issues, are not all true for all numbers in fractions. When experiencing fractions, dividing does not always give a smaller answer, and multiplying does not always provide a bigger solution (Siegler, RS., Thompson, CA., Schneider, M., 2011). Conquering the idea that fractions do not follow expected mathematical traits is a significant threat as a sense for fractions is vital for attaining other topics in mathematics such as algebra and geometry (Vamvakoussi, X., Vosniadou, S., 2010).
Ryan & Williams (2007) carried out extensive research into the strategies behind common misconceptions in mathematics and referred to the "common additive misconception". While spending time at school X, it was apparent the word fraction alone has put unease to students and results from past years have shown that fractions have been responsible for putting more people off mathematics than any other single topic (Longman, 1991).Within the research, the paper will continue to investigate common misconceptions in fractions that occur within Key Stage 3 (KS3) and identify mathematical teaching techniques that can be used to overcome the fear of fractions. The research carried out occurs within a year seven middle band set classroom containing students of a mixability, the majority being intermediate level. The class consists of twenty-two students, of whom twenty of the students carried out the study (two students were absent of the undertaking of the pre-test, and therefore their post-test scores were void).
The school that these students attend, which will be referred to as school X for reasons of anonymity, is an English medium 11 to 19 secondary school with a sixth form centre, located on the outskirts of a well-populated city and county of Swansea (Appendix A). As of 2018, there are 1242 students enrolled at school X who are from nine catchment areas, ranging from Townhill to the Mumbles. School X has 24.9% of learners eligible for free school meals (FSM) which remains higher than the national average of 16.6% for secondary schools in Wales. Around 33.9% of pupils have a special educational need, including 24.5% with school action, and 4.6% with a statement of special educational needs. The percentage is higher than the national average of 14.4% and 2.3% respectively. The school has a Specialist Teaching Facility (STF) for learners with moderate learning difficulties. School X consists of 74.1% learners who are from a white British background, leaving 25.9% of learners to be of other ethnic groups, in which 10.5% of learners speak English as an additional language. The individual school budget per learner in school X in Swansea is £4517 which is a £208 decrease compared to the local authority. The school in Swansea is 11th out of the 14 secondary schools regarding its school budget per learner (Mylocalschool, 2018). School X continues to strive and aim to increase its reputation as an excellent school within Wales. The school visions that every child that attends the school has the best opportunity to achieve their potential (Appendix B). 
The paper will evaluate the academic view relating to misconceptions and the misconceptions in fractions, covering key issues and concerns, and how professional literature has influenced the way the investigation was carried out. The paper will provide suggestions for teaching techniques that can be used to overcome the problems teachers face when guiding students through the topic of fractions in their schools. The proposals included within the paper consist of classroom activities and teaching strategies, which all target in bettering students' conceptual understanding of fractions. Conceptual understanding of fractions is defined as the knowledge in what fractions mean. The paper delves into school X policy and practice, examining how the way the school teaches has also changed the way the study was carried out. The paper will note the limitations of the research and future developments that can be taken from the investigation.
Teachers past and present often hit upon wrongdoing in the work of their students. The ability to clear up and tackle these mistakes are crucial in the student's education as it can result in the teacher's ability to assess the student's awareness in mathematics and what likely gone amiss in their thinking. 
Students often stress by making mistakes. However, a researcher at Warwick University suggests that making errors is not always a bad thing, as it can be used as a step in their learning (Ingram, Baldry, Pitt, 2014). Many modern teachers stress to their students that making errors allows them to learn from their mistakes, and often said teachers use student's failures to improve their teaching, to satisfy the student's needs. A common reason for a student's mistake is a simple arithmetic error or a lack of accuracy, be as it may, errors in mathematics can occur in numerous ways. They can be caused due to the slight lapse of attention, the mistyping on a calculator, the pace of work, lack of knowledge, or a misunderstanding. But they can display more serious dilemmas showing topic misconceptions (Ingram, Baldry, Pitt, 2014).
A number of these errors mentioned above can be anticipated before a lesson and highlighted at the planning stage of a lesson; these errors can be picked out as possible misconceptions and tackled, so the student does not make those errors. For a teacher to do this, the teacher needs to have the topic knowledge to unravel what these misconceptions might be, why the student could be making these errors in their work, and how to come up with ways to stop the student from continuing with these errors. For example, a common KS3 misconception can occur when a student uses division when multiplication is needed. Within the higher levels Key Stage 4 (KS4) we often see more logical reasoning from students, where an individual student has attempted to establish logic, but they have fumbled the result due to a fault in their workings. This example is often popular in two-step equations where students need to meet one part of the question, to complete the second part of the question.  
It would be argued that in Mathematics (Curnock, 2015) the knowledge of students and their progress within the Mathematics course is built upon from their early discovery of the subject. If the student's knowledge is not fully evolved, or particular topics not covered, the whole design leading up to their KS4 examinations does not fully develop. The thought and growth needed to understand mathematical terms are so complementary that negligent behaviour towards one topic, will have a domino effect on learning another topic. For instance, algebraic manipulation makes many appearances in problem-solving, aiding us in transferring a problem into a mathematical context which we can perceive. Hence, without the complete development of algebraic manipulation, an abounding number of forthcoming topics will mirror the incompletion of algebraic manipulation and will add to the 'student's incomplete repertoire of topics (Curnock, 2015).
Initially, feedback from and to students is stated to be the first action taken to help improvement in learning (Marzano, R., Pickering, D., Pollock, J., 2001). This is declared to be the initial step as students can be told how they are doing in terms of their work progress in comparison to grading the students on specific levels of knowledge. A scoring guide is a good course of action to undertake this process. Keeping the feedback that is given to students definitive can lead students to compare each other's progress, leading to productive debates such as peer-teaching (Marzano, R., Pickering, D., Pollock, J., 2001). Alternative teaching techniques such as questioning wrong answers can highlight the lack of knowledge or a misinterpreted piece of knowledge from a student. The EMAL journal suggests that the teacher orientation towards student performance has significant leverage on bettering not only 'student's improvement but also school improvement (Honingh, M., Hooge, E., 2014). The journal states the evidence of teachers displaying effort of care for the 'student' progress has shown to be a factor in that progress (Honingh, M., Hooge, E., 2014).
Students need to be welcomed to the topic of fractions at the younger ages by enhancing their ability to share and carry out proportions. At lower school, young students can be aware of the idea of sharing equally and fairly. A young child at the age of three can distribute items of a set amount among their friends, for example, sharing twelve pieces of jelly between two themselves and another. A young child at the age of five can share chocolate between multiple people. Similar to sharing, young students can be aware of proportions in life-related scenarios (Empson, 1999). A young child at the age of six can match proportions equivalently by presenting everyday shapes such as pizza and cake, for instance, matching  of a pizza to  a box of cupcakes (Frydman, O.; Bryant, P.E., 1988). The knowledge that they can gain at a young age can be used to introduce the topic of fractions before secondary schools, by connecting the young students gained insight into the concept of fractions.

The teaching techniques and activities presented in the paper can be used to improve a students’ understanding of adding, and subtracting fractions, ability to order fractions in ascending order, ability to find the equivalent relation between fractions, and ability to place a fraction on a number line. In addition to the paper, the techniques used will introduce the students from school X to multiplying fractions, which is a topic the students will not have seen before. The activities used will introduce the students to two of the most commonly used ways to interpret fractions. The first most commonly used way is sharing in terms of division, where students will need to divide twenty pieces of sweets between five classmates (Empson, 1999). The second most commonly used way is that fractions can be shown in terms of ratios, where students will have to grasp the concept if six pencils are shared between two students, where one student is given four pencils and the other two pencils, then the ratio of pencils to students shared is 4:2. Fractions are typically introduced in the later years of junior school; however, the techniques and activities that will be stated in the paper could be started at the early ages of infant school (Streefland, 1991).

When teaching fractions, all teachers should begin with a simple sharing activity, that includes dividing a fixed number of items among a small group of students (Empson, 1999). The exercise should consist of a set number of items that be shared among the students equally, without having items left over, for example, four pens between two people will leave no remaining pens. The teacher presented during the lesson can describe the scenarios including the number of items available and the number of recipients that the items will be shared among, and the students can be asked to find how many items would be received by each sharer. With every scenario given by the teacher, the students should be advised and encouraged to use real-life objects, illustrations, or any other representations which could aid the student in visualising the scenarios said by the teacher to solve the problem (Streefland, 1991). The teacher should stress the importance of receiving equal numbers for the exercise. As the students become more aware, the number of both the items and the recipients can increase, allowing the teacher to differentiate between students who have grasped the topic and those who still need assisting.

From simple sharing, the students can then move on to sharing problems that involve around dividing items into smaller amounts (Frydman, O.; Bryant, P.E., 1988). For example, if one rubber is shared between two students, each student will gain  of the rubber. The questioning converts into how much each student should receive, rather than how many items each student would set to gain. Teachers can introduce the topic by sharing an item amidst two students and then progress into sharing numerous items among the very same students. To promote open questioning and differentiation among students, an initial question could involve four students sharing one pear, while more able students may be questioned a more difficult question such as four students sharing two pears. Empson (1999) recommends that teachers should start with the students using halving strategies, for example, dividing an item in two, then dividing the two parts into four, before progressing onto more challenging sharing activities that involved dividing the item into thirds or fifths. By following this structure, teachers can introduce important mathematical terms that are required with fractions like one-half, one-third, and one-quarter. The students can then label their illustrations with these key mathematical terms. 

To develop the students' grasp of the size of fractions, sharing activities are fundamental. For example, sharing an item between two, three, and then four students, the students can see the pattern in the increase in the number of shares, and the decrease in the size of the parts that each student collects. The exercise can also be used to promote students’ understanding of fraction notations, that  is less than  (Frydman, O.; Bryant, P.E., 1988).

Many teachers often teach fractions using the concept that fractions represent a component of a whole (Seigler, R.S., Thompson, C.A., Schneider, M., 2011). For example, one-fifth is a fraction that constitutes one part of a whole which has been split into five parts. The explanation for this concept is essential, but it still unsuccessful when it comes to stating that fractions are numbers with magnitudes (Rittle-Johnson, B.; Siegler, R.S.; Alibali, M.W., 2001). In essence, fractions can be ordered from smallest to biggest in order of value or even be equivalent to one another ( =  = ). A young student who can only grasp fractions as parts of a whole is more likely to make errors when covering improper fractions, as the student would not believe  to be a number, as a person can not have three parts of an item that has been split into two parts. The error that pursues the student who aims to add fractions by adding the numerators and then the denominators, sorely branches from the students not being to understand that fractions are number with magnitudes. An effective teaching action to easily allow students to grasp the understanding that fractions are numbers with magnitudes is to use negative-positive numbers lines during the first lesson on fractions (Stafylidou, S., Vosniadou, S., 2004). The use of number lines can be used throughout the application of fractions and can represent that fractions are related to a given magnitude.

Measurement activities can also be used by teachers to help students grasp that fractions are numbers. By using scientific tools, students can measure classroom items and discover for themselves that fractions allow a more precise measurement than using whole numbers alone (Siegler, RS., Thompson, CA., Schneider, M., 2011). A favourite activity among teachers is providing students with fraction strips to measure different items in the classroom. The student starts with a piece of card that represents a unit and use the card to measure an item. When an item in the classroom is not equal to the size of the strip, the teacher can give the student a card that represents fractions of a whole, such as  or  . On the one hand, a pen might require two whole strips while on the other hand, a pencil might require two whole strips and one-half strip. By themselves, the students can realise that the size the item does not change, but they can measure the size of the item with more precision by using the smaller strips rather than the whole piece of card.

To allow students to understand the concept of fractions, teachers should require students to plot and locate fraction by way of a number line (Rittle-Johnson, B.; Siegler, R.S.; Alibali, M.W., 2001). By plotting fractions on a number line, students can find patterns within fractions, comparing their magnitudes and seeing fractions such as  and  are equivalent to one another. Teachers can carry out this exercise by presenting students a number line that has fractions already plotted, for example, a number line ranging from zero to one with the fraction six-tenths marked on the number line. This initial stage will firstly eliminate time-sapping actions such as drawing and segmenting the number line. Students should be challenged to place fractions whose points are marked () and fractions whose denominator is a multiple of the fraction marked on the number line, for example,  and . It is vital to include equivalent fractions to whole numbers for example 0, , , and 1, so students can grasp the concept that whole numbers can be representing as fractions (Rittle-Johnson, B.; Siegler, R.S.; Alibali, M.W., 2001).

Number lines can be used to encourage students’ concept of fractions when negative fractions are involved, and also to include improper fractions whose value is greater than one (Rittle-Johnson, B.; Siegler, R.S.; Alibali, M.W., 2001). For example, teachers can instruct students to plot fractions such as  on a zero to five number line or plot positive and negative fractions on a number line ranging from a negative 1 to positive 1. Another strategy may be used to allow students to connect the similarities between fractions, decimals, and per cents. Students can be required to plot a variety of numbers, for example, , 0.33 and 25 per cent on the same zero to one number line. To enhance students understanding that fractions and decimals can represent the same magnitude, students can plot fractions and their decimal on the same number line (Stafylidou, S., Vosniadou, S., 2004).

Lastly, number lines can be used to illustrate the meaning of fraction density. A considerable difference between fractions and whole numbers is that between any two fractions, there is an infinite number of fractions. Students can find this concept very difficult to understand, therefore a number line can be used to aid. For example, students can first start by creating a number line, to represent whole numbers such as zero to one, and divide the number into halves (Siegler, RS., Thompson, CA., Schneider, M., 2011). Students can then halve again, creating fourths, half again to create eighths, half again to create sixteenths, and half again. This technique can be used to allow students to understand that fractions can be divided into smaller fractions.

Fraction visual representations can be used to help students develop conceptual awareness of fraction procedures (Nishida, 2008). Students are often taught the procedures to pass an examination, without fully explained why the procedures work. Research has suggested that there is a positive correlation between students’ understanding of fractions and the success rate in the use of fraction procedures to solve problems. Young students who can fully grasp the need for a common denominator when adding two fractions are more likely to memorialise the fraction procedure than young students who do not grasp the requirement for common denominators (Hudson Hawkins, The effects of math manipulatives on student achievement in mathematics, 2008). For this reason, teachers need to be focusing on not only the development of understanding but also procedure fluency. Teachers can carry out this focus by using a visual representation of fractions. Studies suggest that fractions that were taught by the use of visual representation of fractions have shown a positive effect on students’ procedure fluency.

Another use for visual representation is to help students clarify the requirement for common denominator when adding and subtracting fractions. Teachers can represent the addition of fractions by using items the students know, for example, having half of a pizza and a third of a pizza (Hudson Hawkins, The effects of math manipulatives on student achievement in mathematics., 2008). By overlapping half of a pizza over a third of a pizza, the teacher can display the sum of the two fractions. The teacher can then display that half is equivalent to three sixths and that a third is equivalent to two-sixths. Therefore, the sum is five-sixths of pizza. This concrete illustration can help students clarify the requirement for common denominators when adding and subtracting fractions.

Illustrated representations can aid young students in grasping the concept that when multiplying fractions, you are finding a fraction of a fraction (Nishida, 2008). To picture one quarter multiplying two-thirds, a teacher can picture an object to the students such as cake, the teacher can then divide the cake into thirds vertically, and shade two-thirds of the cake vertically. The teacher can then divide the cake into quarters, with three horizontal lines, and shade a quarter of the shaded areas with the horizontal lines created. The students will start to notice two of the twelve slices of cake would be shaded both horizontally and vertically, displaying the solution two twelfths. The exercise used can also allow students to understand that the addition of two fractions that are less than 1, is small than the fractions being added, for example,  x =  (Hudson Hawkins, The effects of math manipulatives on student achievement in mathematics, 2008). Firstly, the young student would treat the cake as a whole, cutting out two-thirds of the cake. The young student would consider the slice of cake cut out, analysing the number of equal size slices of cake within the two-thirds slice when the two-thirds slice was cut into quarters. The young student would finish with treating the whole cake as a whole again, perceiving that two-twelfths of the cake has been cut two ways.

A way to visualise the concept of division mentally is to imagine the number of times a number can go into another, for example,  ÷  can be referred to as the number of times one quarter goes into one half (Nishida, 2008). Similar to the method used already, fractions strips can be used to aid students to illustrate the division of fractions. To solve  ÷  students can acquire a strip divided into halves, and a strip divided into quarters. The students can then discover how many times one quarter goes into one half by using the strips. On the assumption that strips are not available, the exercise can be carried out with the use of a number line. The teachers could represent a number line, with halves and quarters dotted on the number line. Like before, the students can discover that there is two quarter in one half (Hudson Hawkins, The effects of math manipulatives on student achievement in mathematics, 2008).

Within the classroom, it is essential for teachers to address and correct students’ common misconceptions when facing fractions. In school, young students regularly muddle the rules involving whole number addition and subtraction, with the addition and subtraction of fractions. There is an urgency to identify said misconceptions about fractions, to discover why the misconceptions used to lead to an answer which is wrong, in addition to why the correct method leads to a correct answer. Teachers can use discussions relating to the process of mathematical calculations, consulting why some students have the right answer and why some have the wrong answer. The discussion can involve the reality that methods used to solve whole number problems, do not work with problems referring to fractions, except the case of problems involving multiplication. The inclusion of discussion about misconceptions in the classroom will allow students to be more aware and develop a greater understanding of fractions when tackling fraction problems when recognising methods used for whole numbers do not work for fractions (Mack, 1995).

Numerous young students reveal at least one common misconception when facing fraction calculations. The paper will discuss the three most frequent misconceptions and what techniques and activities that can be used to face and correct them.

The first most common misconception that appears is the mistake of treating fractions’ numerators and denominators as whole numbers separately (Mack, 1995). When students are required to subtract fractions, students firstly subtract the numerators first and then secondly subtract the denominator, for example,  -  = . The student who falls under this trap is not respecting the fractions are one number, but instead representing the numerator and denominator as separate terms. The class teacher can aid the students to hurdle the misconception by providing an efficient technique such as illustrating related problems for the students to pursue. The teacher could set a question like “If Brad has three-thirds of an orange, and gives one-third to Susan, what fraction of the orange does Brad have remaining”. The students who demonstrate the misconception and treats fraction numerators and denominators as separate whole numbers, will give out the answer 2 (Mack, 1995). The teacher can then query the students that have made this error, by asking the students if it makes sense, to begin with, three quarters of an orange, then give parts of the orange to another, and end up with two whole oranges. By showing the method the students have used incorrect, the students should become more willing to learn the correct method to solve the problem (Ashlock, 2010).

The second most common misconception that appears is the mistake of leaving the denominator unchanged when carrying out problems that involve multiplying fractions. When students are required to multiply fractions where the denominators the same, students may not multiply the denominators, for example, x  = . A reason for this misunderstanding could be due to the increasing amount of fraction addition problems compared to fraction multiplication problems, further leading in students in using the method for addition, to solve fraction multiplication (Stafylidou, S., Vosniadou, S., 2004). The class teacher can help students in avoiding the result of carrying out the misconception by highlighting that  x  can be described as three-sevenths of one-seventh. By reminding the students that the question is asking for a part of ; therefore, the solution cannot be larger than .

The third most common misconception that appears is the misunderstanding of mixed numbers (Stafylidou, S., Vosniadou, S., 2004). Many students find solving problems difficulty when mixed numbers are involved. On the one hand, students will only focus on the whole numbers, while forgetting the fractional parts completely, for example, – = 3 (Mack, 1995). On the other hand, students will develop the idea that the whole number must require the same denominator as the fraction, for example, 3 –  =– = . A similar misconception occurs when students add the whole numbers to fractional numerators, for example, x  =   x  =  . Both misconceptions exhibit a lack of fundamental understanding of the definition of mixed numbers and what they represent. Throughout the student’s time in education, the student should be exposed to proper and improper fractions, and mixed numbers in their lessons, and be able to alternate between improper fractions and mixed numbers (Stafylidou, S., Vosniadou, S., 2004).

Research has been shown that there are many misconceptions within fractions. These misconceptions can harm the pupil’s progression in reaching their potential. The paper tends to carry out an investigation with year 7 set 4 to identify the misconceptions which can be found within the topic of fractions. The purpose of this research is to find a variety of teaching techniques, activities and resources that can be used to overcome these misconceptions while using a planned scheme of work. The research will be carried throughout the 4 to 5 lessons and will include administrating a written fractions pre-test that will be used as a baseline. I will collect initial data through the means of a pre-diagnostic test which will display common misconceptions that are given by the students. I will then follow with intervention lessons as part of a planned scheme of work, using a variety of teaching techniques, activities and resources to overcome the misconceptions displayed. Following the intervention will be a post-diagnostic test that will be identical to the baseline test. I will collect all the data for the investigation, and compare the data acquired with respects to fraction misconceptions both qualitatively and quantitatively. 
There are risks to the participants, as students can feel under pressure to take part in the research caused by the power imbalance of the researcher being the teacher. This risk will be minimised by explaining the informed consent (assent as participants are under 18) process to the participants explaining that there will be no impact on their progress or attainment if they take part in the research or not. All participants will be told that their data will be treated confidentially and be anonymous in the write up of the research.

Confidentiality of the participants will be undertaken by using pseudonyms such as Pupil A, Pupil B, Pupil C, making the participants anonymous in the write up of the research. Only the researcher will know the identity of the participants. All data collected will be encrypted and kept confidential to the researcher, and the class teacher on a password protected memory stick. Participants will be able to withdraw from the research at any time by letting the researcher know. Their data will then not be included in the writing up of the research.
In order to identify misconceptions that lie within the students of the year seven class who took part in the research, I decided to use the pre and post-test method. The method is used to test the students before doing the lessons, then carry out the lessons, and the test the students again to see if there are any visual changes.

Question 1 of the test aims to identify those students who treat the numerator and denominator as separate whole numbers. These students see each number separately and therefore treat as such, for example, +  = , which is incorrect. The students separate the numbers but not as part of a fraction (Teaching, 1999). This idea is born from their understanding that if two numbers are added together, the result will be larger. Hence, they do not see half as greater than a quarter. As 2<4. However, they do see  as greater than , as 8>4. With question 1, there is another chance of a misconception to arise. The question can flush out the students who treat the digits of a numerator and denominator out of place value. These students each number separately and therefore treat them as such, for example,  +  = , which is incorrect. The students separately treat the addition as “put it on the end” rather than adding the number in their given place value.

Question 2 aims to identify those students who misunderstand a diagram representing a fraction (Fannin, J., Bailey, M., Brown, N., Haladay, C, 2011). These students misunderstand the representation of fractions through both interpreting and drawing[image: ]which is incorrect. 

Some students can see that the shape (in the example above, a circle) needs to be split into five parts. However, they do not appreciate that these parts need to be of equal size (Fannin, J., Bailey, M., Brown, N., Haladay, C, 2011). Some also become confused as they can answer the “reverse” of a question as they shade the  rather than , regardless of it the splitting done correctly. Question 3 also aims to identify those students who misunderstand a diagram representing a fraction
[image: ] which is incorrect.

Some students can see that parts of the fraction, in the same way, are they see a ratio, as in for  there are five parts in total, 2 of one type, and 3 of the other. This is opposed to the correct avenue of through of  being seen as 3 parts, 2 of which are present (Fannin, J., Bailey, M., Brown, N., Haladay, C, 2011).

Question 4 aims to identify those students who misunderstand a number line representing a fraction. These students incorrectly use a number line to represent fractions
[image: ] which is incorrect. This misconception is born from a student knowledge that <  being misapplied to a number line as their understanding of a whole is flawed. They do not consider the  to be on the same scale as the 8/9 due to the different denominator.

Question 5 aims to identify those students who misunderstand the method of multiplication of fractions. These students disregard elements of two fractions being multiplied together due to past methods for other operations on fractions, for example,  x  = , which is incorrect. The student keeps the denominator the same in multiplication questions when the fractions have the same denominator. In the method for the addition of fractions, the denominator always remains the same in the product as the question (before cancelling) they carry this thinking into multiplication as it is familiar and a concept they are comfortable using.

Question 6 aims to identify those students who misunderstand the way of identifying equivalent fractions. These students misunderstand that equivalent fractions mean that they are representing equal amounts (italk2learn, 2014). 
[image: ] which is incorrect.

There are two main avenues these students face when tackling a question consisting of equivalent fractions (italk2learn, 2014). Some students will simply state it cannot be done, no fraction can be equivalent to another as they view fractions as isolated value, the same way we view individual digits, for example, they see  and  as the same way most see 3 and 5, and they cannot be equal as they are separate isolated values (italk2learn, 2014).  Some students will miss interpret what is meant by equivalence and as  and  are both parts of the same whole, such as, a selection out of 4).

The final question of the test aims to identify those students who misunderstand the method of ordering fractions. These students misunderstand the mathematics needed to order fractions.
[image: ] which is incorrect. 

Students will add the numbers given in a fraction, and the fraction whose individual digits sum to the greatest value must then be the largest fraction. The same way that the ratio whose individual digits sum to the greatest value has the most parts.

Each result was presented via a table, highlighting patterns in the results, the patterns indicate where the students have gone wrong, and the misconceptions that occurred.

Question 1 was done particularly well, with students using prior knowledge of fraction addition which they gathered from primary school. However, some pupil treated the numerator and denominator as separate whole numbers and hence has the question wrong. Although question 1 was done well, I decided to face this misconception in lesson 1. Lesson 1 objective was for all students to be able to add and subtract fractions, firstly with the same denominator, and then secondly with different denominators. To overcome this misconception, techniques like the butterfly method or cross-multiplying method would not work as it would only benefit the students who were quick math learners. Most students would know the quick method, however not all would understand the reason why it happens. During lesson one, I proposed the challenge for the students to try and add  +  using a model they learned during the lesson. Students firstly drew two equal-sized rectangles in their books to represent the two fractions. The students drew a vertical line down the middle of the left rectangle, shaded in one of the two pieces and labelled it . The students then drew three equal horizontal lines across the right rectangle, shaded in one of the three pieces and labelled it . Students found the instructions very easy to follow, and keeping behaviour down was more comfortable due to students being on task. The students then overlapped the vertical lines of the left rectangle over the right rectangle and then overlapped the horizontal lines of the right rectangle over the left rectangle. This step took a few attempts for the students to master. The students relabelled their fractions, for example, =  and = . The students then drew a new rectangle, including all the new same sized pieces created; in this case, there was 6. This led to the students shading in pieces from the old fractions into the new rectangle, resulting in th of the new rectangle is shaded. After a few examples, most students began to understand the concept behind adding fractions and began to ask if they could attempt the question without each step. Many began to realise that they could use this method to find equivalent fractions and soon were confident in finding the equivalent fraction without using the method. When the students underwent the post-diagnostic test, the students indicated an improvement in their understanding of fraction arithmetic by all getting the question correct (The best way to teach adding and subtracting fractions, 2017). 

Students struggled with both question 2 and 3. The students displayed that they misunderstood representing a fraction using a diagram and failed to draw parts in equal size. Lesson 2 in the scheme of work was used to tackle this misconception. Lesson 2 objective was to get the students to identify and represent fractions using visual diagrams. The students were tasked to read a statement consisting of a person named Jessie and her day planting a garden that was parted into six equal sections. The students were questioned what drawings could be possible to represent that statement as a diagram. Students were engaged in a struggle as they worked in pairs to present fractions as equal shares. When the students were finished with creating ways of displaying the statement, students were asked to come up to the front of the classroom in pairs to explain their ideas, those whose had some wrong were corrected by their peers and edited their ideas until they were right. All students at the end of the lesson displayed diagrams with shares of equal size. The post-diagnostic test showed an improvement in the students understanding diagram representation of fractions, however, without a repeat of the research, there is no evidence that the students improved with the use of the lesson, or photographic memory of the pre-diagnostic test.

Question 4 aimed to identify those students who misunderstand a number line representing a fraction; however, all students failed to answer the question correcting. Student C stated this was due to 8/9 having a different denominator to . Lesson 3 was used to face this misconception, and improve students understanding when asked to plot a fraction on a number line. In this lesson, students were introduced to number lines for the first time in the research. Lesson 3 carried on from lesson 2 by reminding students about representing fractions as diagrams, as the students were set to cut a rectangular piece of paper, cutting the paper in half each time. The students were then asked to picture themselves cutting the card as they attempt to plot fractions on the diagram. Students began on the 1 and kept cutting the number in half each time, displaying ,  and  on the number line. The students then focused on cutting a new piece of card into thirds, yet again visualising this action when plotting onto the number line, displaying , , and  on the number line. From here students were given additional equations to plot on the number line, consisting of fractions such as  and . Using the idea of cutting, the students displayed the understanding of having to cut the number line into ten equal parts, and therefore displaying the fraction  on the number line. Although most students showed a drastic improvement in the post-diagnostic test, some students continued to misunderstand by plotting  halfway between  and 1. These students showed that they grasp the concept of <<1, however still misunderstand < (Gray, 2018).

From analysing the pre-diagnostic test, it was clear to see that students struggled to understand the concept needed to face problems consisting of the multiplication of fractions. Most students applied the same rules of multiplying whole numbers to multiplying fractions. When conversing with the students, many indicated that they have never faced fraction multiplication in previous lessons and tried to use what they know to tackle the question. Due to not being taught the topic before, and multiplying fractions not being in school X year seven scheme of work, the teaching of multiplying fractions was not included within the intervention. However, many students showed an improvement in the post-diagnostic test. Student L suggested that the exposure to the pre-diagnostic test, and the process of going over the answers, was enough to find a pattern to tackle the question a second time. Although the signs of students improving are a good thing, without a repeat of the research, it is impossible to know how many students picked up new misconceptions by the students discovering a successful method by themselves.

Lesson 4 was structured to face the misconceptions produced by the students when facing question 6 and 7. Although most students successfully matched two equivalent fractions, some students misunderstood that equivalent fractions, are fractions that represent equal amounts. The most common incorrect answers were circling and . Lesson 4 objective was to have all students confident in matching equivalent fractions. To aid the students in passing the success criteria of the lesson, students were given fraction tiles. The structure of the scheme of work helped as students were already familiar with fractions as parts of wholes, and on a number line. Students displayed a good understanding that some fractions show the same amount as others. Using the fraction tiles, the students were able to represent and explore fractions. At the end of the activity, the students discussed with their fellow peers, the solutions they have discovered, and to justify their solutions. (Boucher, 2014). All students successful corrected their mistakes and succeeded in correctly answering question 7 in the post-diagnostic test. Although it is straight forward to link the successful scores to lesson 5, student O suggested that lesson 1 and 3 had a significant impact in correcting their mistakes, as question 1 and three focused on adding fractions with the same denominator and then displaying them on a number line.

The focal point for all professional development programmes should target the development of teachers’ awareness of fractions misconceptions and how to overcome them. For students to overcome misconceptions, teachers themselves must have the knowledge and understanding of the concepts within fractions. Studies have shown that student’s achievements in Mathematics have a positive correlation to the teacher's mathematical knowledge (Hill, H.C., Rowan, B., Ball, D.L. , 2005). Lamentably numerous of teachers within the profession possess a lack of understanding when facing fractions. The need for a high level of understanding is notably vital to use visual images in the classroom effectively (Ma, 1999). The importance of choosing the most befitting diagram to each problem can aid the student to overcome the misconceptions they may face. If teachers can uncover why students may have difficulties, teachers can attend to student’s misunderstanding before the misconceptions have occurred (Ma, 1999). For example, visual images can be used to show possible scenarios that involve the students to share three cookies upon five people. The use of numbers can aid students in allowing them to be aware of the magnitude of fractions, where the use of models can represent fractions as parts or wholes. However, allow visual images to provide many positives; it is still pivotal that teachers are familiar with the difficulties that occur with the use of image representations, as students may still misinterpret.

Furthermore, it is equally essential for teachers, not only explain the method towards a problem but to explain why each method is required for the problem and why other methods can cause failure. The knowledge required to explain the rights and wrong of a method is tremendous. Professional development programmes should also aim to promote this level of knowledge to benefit the teacher and the student (Hill, H.C., Rowan, B., Ball, D.L. , 2005). 
To comprehend the concepts of fractions that are taught at KS3 and KS4, and the concepts that have come before and that will come after, is paramount for teachers. By having an insight into the students current understanding, teachers are able to develop on the prior knowledge of their students and be in a better situation to witness the core of students’ misconceptions (Hill, H.C., Rowan, B., Ball, D.L. , 2005). Knowing the level the students need to reach for their next stage in education can also help teachers plan and provide students with a platform to build on.

By virtue of professional development programmes teachers can study how students learn, and the difficulties they face when tackling fractions. The study should be carried out via research that has been carried out on different year groups learning of fractions, including the observation of numerous teachers. By increasing the sample size, from more than one class, a comparison can be drawn out to provide any concrete solutions to improve the development of students understanding in the concept of fraction arithmetic (Ma, 1999). 

Aside from pre-diagnostic and post-diagnostic tests, teachers can gain insight into the understanding their students possess employing written work and video evidence of student's facing problems that involve fractions. The evidence can allow a variety of teachers to discuss the types of difficulties their students have faced when tackling different problems, and the type of errors that have shown more common. The discussion that can be taken place will grant teachers the ability to choose specific problems that will snuff out the core of their student's misunderstanding (Ma, 1999). When teachers discover the centre of their student's problem, they can then future address it via an intervention. Each teacher can repeat the same techniques and tests when facing the misconceptions to show effectiveness across the curriculum.

To conclude the need for fractions is a building block in one's development in mathematics, as fractions are witnessed in everyday life. Although exposed to many fractions, students carry on their contest, battling with fractions. The teaching techniques and activities provided in the paper will aid in students struggles and improve the teaching of fractions, furthermore, increasing student’s awareness in the methods needed to solve problems involving fraction arithmetic. Even performing the techniques stated, it is fundamental to indicate that fractions are a difficult topic, and students may not understand what fractions immediately. Nonetheless, the repetition of the application of techniques and activities, with various examples, will better students' grasp of fractions. Each idea stated in the paper were constructed to be used together; however, each technique will produce benefits in student's awareness of correct procedures, even when enforced individually.

The foundation responsible for the development in the techniques recommended throughout the paper is that the level of understanding of fractions necessary for students to learn productively and to keep the skills needed to face problems is profound. When students have a superficial understanding of fractions, the fraction symbol itself is meaningless, and the procedures used infraction arithmetic seem arbitrary and easy to confuse with each other. By teachers refining their understanding of fractions through imagery, students are abetted to distinguish that fractions are real numbers, that both the numerator and denominator should be treated as one, and that arithmetic fraction is a useful method rather than the perception of random steps. Conceptual understanding is problematic for students to achieve; however, when achieved, it is significant to ensure mastery of fractions and fraction arithmetic. Conceptual understanding is difficult to acquire, but it is vital for ensuring a deep and enduring understanding of fractions and fraction calculation.
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