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INTRODUCTION

 The literal translation of the Latin ‘per cent’ is ‘out of one hundred’. In other words, percentages are equivalent to the part of the whole interpretation of fractions. Percentages are used widely in everyday life, and most children understand that 40% off the price of an item in a sale means the item is significantly reduced in price. However, this does not necessarily mean that children understand percentages in a mathematical sense. A child may know how to recite the numbers 1 to 20, but may not be able to count or calculate with those numbers. As Demirci and Çirkinoglu (2004) argued, the reasons for the lack of such basic percentage knowledge are the complexity of the problem structure and the numbers involved. He also noted that percentages, along with decimals and fractions, are a form of representing numbers, therefore children need to have a good understanding of the link between these three representational forms in order to grasp the principles of percentages.

Buckley (2013) also found that misconceptions in percentages are quite common among secondary school students, and an Estyn report (2008) drew attention to the fact that many children had difficulty in grasping the concepts of percentages in key stage one but that such difficulties increases substantially in key stages two and three. Consequently, a later Estyn report (2012) recommended that educators should work to restructure students’ conception of specific mathematical problem areas, and help them to avoid such misconceptions from reoccurring later in their studies. The following sections will examine ways in which percentage misconceptions, as manifested in both the learning and teaching strategies employed in the classroom, can both aid teachers to identify areas of mathematical weakness in students, and propose methods for overcoming them in practical and constructive ways. 
The placement where this study was carried out is a medium sized school located in Carmarthenshire in Mid Wales. The school has an attendance in the region of five hundred and twenty pupils. The school’s latest Estyn report (2018) deemed that, at key stage three, results in Mathematics have been well below the national average for the past three years. Bearing this in mind, I chose a year 8 class to carry out the intervention as I wished to explore their level of understanding of mathematics, especially their misconceptions in percentages. The Estyn report (2018) also pointed out that the level of students’ engagement in maths lessons was falling. As a consequence, my intervention lessons sought to explore effective ways addressing this issue, and ensure every learner was engaged and have an opportunity to participate in different maths-related activities. 
Thus, in researching the pedagogy of overcoming misconceptions in percentages, an assessment was carried out among a group of 30 year 8 students.  A test paper designed to focus on common misconceptions in percentages was completed by the students at the beginning of the teaching practice, and once their misconceptions had been identified, a scheme of six lessons were planned to address the issues that had arisen. At the end of that process, they were again tested (two weeks later) to assess their progress. 

The test papers and intervention classes was structured and analysed with the following aims in mind: 
· To explore in depth the misconceptions of the teaching and learning of a particular area of mathematics — percentages.
· To reflect critically upon the nature of the subject in the light of pupils’ learning and misconceptions.
· To develop better strategies and generate useful teaching methods and materials.
LITERATURE REVIEW

Kaltakci (2013) stated that basic mathematical knowledge was long considered to be most clearly demonstrated by a student's mastery of arithmetic calculations. The teaching of such computational skills has often dominated mathematics education. However, in disagreement with Kaltakci, more recently it has been argued that the possession of these skills does not in itself constitute a sufficient proof of mathematical understanding. Buckley (2016) described mathematical knowledge as consisting of both semantic and syntactic knowledge. According to his theory, syntactic knowledge is the correct execution of the mathematical process (computational power), and semantic knowledge is the importance of understanding the logical processes that underpinned the correct outcome.
In addition, Clausen (2005) argued that there were two ways to acquire mathematical knowledge: intuitive and formal. Formal knowledge, he claimed, is the result of school teaching and should often be separated from the structures of intuitional mathematics and logic. As Ginsburg (2013) also pointed out, young people construct an intuitive knowledge of mathematics in their own particular ways. Ginsburg argued that during a students’ mathematical knowledge-constructing process, a number of different factors can lead to misconceptions. One is that they may develop negative attitudes towards mathematics, and feel that the subject is too difficult and tedious, or that there was no point in studying it. Another factor is that poor memory or previous poorly understood teaching has led to serious difficulties in understanding mathematics. 

Furthermore, Kaltakci and Eryilmaz, (2010) in agreement with Clausen and Ginsburg, also explained that errors in mathematics may arise for a variety of reasons. They may be due to the pace of work, the slip of a pen, a slight lapse of attention, a lack of knowledge or a misunderstanding. Some of these errors could be predicted prior to a lesson and tackled at the planning stage to diffuse possible misconceptions. In order to do this, the teacher needs to be aware of what the misconception might be, why these errors may have occurred and how to unravel the difficulties so that the child may continue learning. This essay, considers students’ misconceptions in percentages, particularly the factors that impact on their thinking process. Misconceptions are but one facet of faulty, inaccurate or incorrect thinking. These are the factors that lead to students having significant difficulty in grasping the principles of mathematics. In turn, students’ misconceptions cause teachers immense frustration as to why their teaching isn’t “getting through”.

In a study (Champagne, 1983) of 92 adult students aged 18 to 57, (with a median age of 27 - 16 males and 76 females), taking a course on statistics, results showed that the acceptance of misconceptions, and problems associated self-acquired mathematical knowledge, were significantly related to anxiety with regard to mathematics. The combination of misconceptions, self-acquired knowledge and arithmetic skills was significantly related to the students’ performance in following the statistic course. Older students returning to school after several years’ absence were the ones most affected by negative attitudes toward mathematics. The study concluded that anxiety regarding to mathematics involves a ‘mechanistic, non-conceptual approach to maths’ (Champagne, 1983, p.25), a low level of confidence and a tendency to give up easily when answers are not immediately apparent. As specified earlier by Ginsburg and Clausen, the reasons for misconceptions in mathematics are complicated, in light of which this report, we will explore these misconceptions in depth, especially in relation to the issue of percentages.
Why study misconceptions? A quick answer would be that once misconceptions are rooted in a student’s memory, it is hard to erase them. However, the situation is more complicated than this. A number of researchers (Champagne, Gunstone and Klopfer, 1983; Osborne and Wittrock, 1983), also (Lee, 1990) have concluded that some students, before coming to formal study, may have systems of belief about mathematics that was very different from those incorporated within the standard curriculum. Certain belief systems can exist across different age groups, abilities and cultures and are often resistant to change through traditional instruction. 

This research also suggests that repeating a lesson or making it clearer will not help students who base their reasoning on strongly held misconceptions (Champagne, Klopfer and Gunstone, 1982; McDermott, 1984; Resnick, 1983). Students tend to be emotionally and intellectually attached to their misconceptions, because they have actively constructed the misconceptions by themselves or they have ready methodologies for solving various problems. This report focuses on recognising students’ misconceptions in percentages by their complex origins, and on developing appropriate and effective method of helping them to develop more correct forms of mathematical thinking. 

Kaltakci and Eryilmaz, (2010, p.52) found that there are three different types of percentage problems. These may be referred to as those that "express amount as percentages", those that are aimed at "finding the parts, if knowing the whole", and, finally, those that "find the whole, if knowing the parts”. Turnuklu and Yesildere, (2007) detailed a survey of 90 students in year 8, 9 and 10 and divided them into three levels; its classification system shows that searching for parts is less demanding than the other two problems. The students can distinguish these different types of percentage problems, investigate them according to their importance and accomplish the task. In this review we will discuss the relative difficulties of the three problem structures in detail. Tariq (2008) stipulates that the proportions can be better understood from teaching by the use of better visual models and more real-life cases. For this study, visual aids and real-life events were used as examples that helped students to a better understanding of percentages. In addition, the essay recommends the development of corresponding ideas and a range of special activities that enable students to overcome the difficulty of solving percentage problems. 

In their analysis of the 1998 Key Stage two tests, Qualifications and Curriculum Authority (QCA, 1998) highlighted those questions relating to fractions, decimals, ratio and proportion which posed the greatest difficulties. Questions involving percentages, it found, caused particular problems.  Only just over one in ten children reaching Level 4 were able to find 24% of 525 on the calculator paper.  The most common error was to calculate 24% as a twenty-fourth. This indicated that some knowledge of a connection between percentages and fractions, but showed a definite lack of understanding as to what a percentage actually is. The fundamental misconception (as in the confusion between 24% and a twenty-fourth) is the lack of understanding of the concept of percentage. A young person may find a percentage of an amount, but he or she usually does not understand why. It is important to help children understand that fractions, decimals and percentages are proportional methods for drawing up a similar amount and the connections between these forms should be taught.

Percentages are an important topic in the school mathematics curriculum (QCA, 1998). Decision strategies that express the number of parts in many real-world situations can only be explained with the knowledge of percentage application. However, they are part of the mathematical universe of relative thought and, some studies claim, this presents difficulty in understanding the concept of percentage for many students (Champagne, Klopfer and Gunstone, 1982; McDermott, 1984; Resnick, 1983).
How then do we re-educate students away from such prior misconceptions? As mentioned, misconceptions must be deconstructed, and teachers must help students reconstruct correct conceptions. Mukherji and Albo (2010) describe an effective inductive technique for these purposes. There are three steps. 1. Probe for and determine qualitative understanding. 2. Probe for and determine quantitative understanding. 3. Probe for and determine conceptual reasoning. In addition, it is helpful to confront students with counterexamples to their misconceptions. A self-discovered counterexample will have a far stronger and lasting effect on a student’s learning. A student’s incorrect beliefs can be analysed, recognised and more readily accepted and changed when realised in this way.

McNeil (2012) argued that research projects conducted in scientifically understood student fields, not only gave teachers a substantial amount of information about student misunderstandings, but also provided them with practical advice for use in the classroom. One of the teaching strategies, emphasising theoretical understanding (rather than repeated learning), is often referred to as constructive teaching. Also White (2009) stated that the two most persuasive learning models are instrumental teaching and constructive learning. The latter refers to learning from students' preconceived thoughts which may contain the origins of their misunderstanding.

In auditing the teaching of change application strategies, Krause (2003, p.250) widely recognised two major strategies for promoting theoretical change. The main classification depends on "intellectual impact" and its determination. In general, it refers to a process that includes the direct and explicit misconception of students, including dealing with students and encouraging them to express their own ideas about knowledge in order to discover any misunderstandings they may have.
A project (Baralos, 2009) aimed at examining teachers’ ability to actually teach mathematics, has investigated how teachers’ perceptions of erroneous ideas are related to the misconceptions in their classroom teaching practice. The project also highlighted that there may be a significant gap between teachers' perspectives and practice. However, Kachapova and Kachapov (2012) argued that there is observational evidence that conscious and focused reflection in practice directly improves the results and guides teachers to adopt more constructive teaching methods.
Svandova (2014) stated that lack of subject knowledge limits teachers’ ability to adapt to more suitable teaching methods and suppresses their creativity. In addition, it stops teachers appreciating and responding to different opinions. Teachers also need to create a classroom environment where students feel safe and able to express their opinions in a transparent manner without fear of ridicule. In order to overcome misconceptions regarding to percentage, teachers therefore need to understand the main reasons that have led to those, very prevalent, misconceptions, and design and implement strategies effectively to overcome them. The remainder of this essay will draw attention to the practical application of such enhancement strategies in the specific context of a school in Wales.  
SCHOOL POLICY AND PRACTICE

School X seeks to address the weaknesses of mathematical knowledge, identified by Estyn (2018), with an awareness of their prevalence combined with rigorous assurances that such weakness among students can be overcome. While incentives such as providing basic skills and numeracy boosters during lunchtimes and after school are intended to improve general mathematical knowledge, fewer reference were made to the process of scaffoldings during lessons in order to support learners. In addition, School X would need to identify which students require the additional lessons. This is a strategy recommended by Mcleod, Sam et al. (2008). Hawthorne (2008) also proposed that supportive lessons are most effective with underachievers, and that these are the learners who should be selected for intervention. The focus of School X is on intervention lessons for key stage four students, in the context of a major drive by the school to ensure these students to improve their examination results. In these lessons, teachers tailor lessons according each individual’s needs. However, although the school tracks numeracy attainment, this data is not used in the classroom, and from my observation, the low-attaining students have been given insufficient support in the maths lessons. Also, by primarily focusing on potential underachievers in key stage four for intervention, School X has not paid enough attention to high-attaining students. As specified by the Welsh Government (2014), the potential of all learners’ needs to be explored and develop. At the present time, the school aims to facilitate that process of general, across the board, enhancement.
Furthermore, Myhill (2001) stated that all students should be able to understand and implement strategies and methods in a reliable manner so that all students benefit. Although School X is fully aware that the best teaching method is to help students develop deeper understanding of mathematical knowledge, a large amount of instruction focuses on acquiring different skills so that students can enhance their performance in examinations. 
As specified earlier by Svandova (2014), having strong subject knowledge will enable teacher to adapt appropriate strategies in their teaching practice. The Maths department provides a curriculum-orientated scheme of work to school and staff, and there is an effective way that teachers can improve subject knowledge and mathematics teaching skills to ensure the reliable use of methods and arrangements. According to Estyn (2018), the school needs to improve students' awareness of problem-solving and inquiry skills more than in previous review seasons. The use of teaching evaluation in class has improved, however, although it remains a fragile part of the teaching process.
The school also provides reliable methods and the use of visual images and models that help students’ skills and knowledge flow smoothly and step by step. The school ensures that every teacher is able to access digital technology used for teaching practice at any time. Every teacher can use the teaching resources already created and is encouraged to add their own material for sharing. This is affirmed by Krischner (2006), who demonstrated that sharing knowledge and resources within the education system benefits the learners. Interviews with employees, and examinations of student work, show that these strategies are implemented reliably. The school appears to have a friendly, effective and positive image.
                                                METHODOLOGY & ETHICS
All aspects of my research for this project complied with BERA’s (2011) ethical standards, and UWTSD’s Research Data Management Policy. Thus, the consent of the students was elicited after explaining to them the aims and structure of the project. They were informed that they had the right to withdraw the consent at any stage of the project, without in any way affecting their rights to education. 
Research has been described as “A systematic collection of results that is used to solve problems and to expand knowledge” (Drew 1988). Also Mukherji and Albon (2010) defined pedagogic research as an activity that investigates and evaluates a particular topic with the intent on improving both the teacher’s and learner’s work.  Furthermore, Bell (2014) explained that there is no one way to conduct research because the very nature of the subjects being researched is so diverse. However, when it comes to educational research, there are two main objectives which require a uniform approach if they are to provide any meaningful outcome. VIZ. 1) The on-going development and training of teachers, both new and established, and 2) To find ways to make the classroom experience of all students, of every level of academic, more satisfying, challenging and enjoyable. 
The result of any educational research should, at least, improve or reform existing practise within the established school curriculum. To further this aim the most common form of research adopted an action research. As the name implies, it is the combination of action and research with the aim of reforming practice (McAteer, 2013). The three-step process of action research requires: 1) Identification of a problem; 2) Implementation of an intervention; 3) Evaluation of the outcome. It will be shown in the report that the results of the pre-test identified the misconceptions that some pupils experiences when working out percentages. The intervention stage was able to adjust, and in some cases, eliminate these misconceptions for these pupils. After the post-test we were able to evaluate the results to assess how successful the intervention process had been. 

What should be taken into consideration is that, in a test of this kind, any academic intervention should be defined as a strategy designed to teach new skills, which learners can apply to current and new situations (McMillan and Schumacher, 2010). They also stated that when interventions are executed well, there normally follows a high success rate of development. On the other hand, it is pointed out the interventions can go wrong when participants are unwilling to recognise their problems. Also it is essential in each test that the same experimental group is included in the pre and post-test to maintain the required standardisation. Similarly, it is important that the test should revolve around prior topics learned in the previous weeks. To this end, all questions within the test were of the same level covered in lessons before the test was taken. 

In the light of all this, Cohen et al (2013) recommends that pre and post-test questions should differ in form and wording, but both tests must be at the same level of difficulty. Having said that, Cunningham et al (2013) encourages teachers not to teach directly to the test. In other words, they should not give too much away to the test. It was hoped that results from the pre-test would motivate students to achieve higher marks in the post-test. In a few cases our optimism was rewarded, but mostly our expectations were seen to be too ambitious.
As stated in the introduction, the information shown in this document comes from a secondary school in Mid Wales. Thirty Year 8 students were assessed. Only students who responded to the agreement were included in the survey. The signing of the agreement confirmed that they had read and understood the information. It was understood that any of the participants could withdraw from the study at any time without giving a reason. All results would be kept anonymous and confidential to ensure the privacy of those taking part. I as the normal classroom teacher carried out the tests. Students were allowed to access digital calculators for certain questions. There was a pre-test and post-test organised by me. 
The focus of this project was to diagnose what misconceptions in percentages students have in Key Stage three and how to address these misconceptions. There are two types of skills needed to access the paper: 1) to test the level of the students understanding of the concept of percentage; 2) to assess what kind of misconceptions the students might have. In the test papers, visual images were used to help the students have a better understanding of the questions. Also included was an open-ended question, the answers to which were subjected to particular scrutiny in the post-test analysis. The data was collected from the placement school, therefore the results represent experience at this individual school. Misconceptions of a certain mathematical concept area at this school may not exist at another. 

As mentioned previously, Mukherji and Albo (2010) put forward the view that it is helpful to confront students with counterexamples to their misconceptions. A self-discovered counterexample will have a far stronger and lasting effect. Incorrect beliefs can be loosened somewhat when so confronted. With such a purpose in mind, the test paper was designed in particular to identify each student’s common misconceptions in percentages. The aims of each question are detailed below: 

· Question 1. Express 45% and 3% as fractions. This aimed to check if the students understood that a per cent is a number out of one hundred and per cents refer to hundredths.
· Question 2. Writing 0.4 and 0.6 as percentages. This would identify two common misconceptions: currently many students confuse tenths with hundredths and have difficulty using zero as a placeholder when writing a percent as a decimal. 
· Question 3.Writing 1.45 as a percentage. This purpose of this question was to identify the misconception that per cents cannot be greater than 100. 
· Question 4. Writing 100% as a whole number. This was to find out whether they realised that 100% is 1. 
· Question 5. Increase £80 by 30%
Question 6. Decrease £140 by 25%
The students needed to use percentage-applied skills for question 5 and 6. These are real life examples. They see them happening every day. These questions were designed to identify whether they knew their meaning, and which operations to use when working them out. For instance, some students may think the decrease part or increase part is the final answer. In addition, they might ignore the percentage sign completely and add or subtract the numbers to the original amount. 
· Question 7. Increase x by 20% = 120. What is x?
Question 8. Increase 100 by 10% then decrease by 5%
The difficulty level has been increased for questions 7 and 8. These were aimed at testing more able students. Question 7 asked the students to identify the “whole” that the per cent referred to, in other words, to test if they can think about percentage in a reverse way. 
The calculation for question 8 involves several steps.  There is an increase of 10% followed by a decrease of 5%. This was to check whether or not they could restore the amount to its original value as they may not recognise the “whole” the per cent refers to, and that a second per cent change refers to a different “whole” than the first.
· Question 9. Which part of learning about percentages do you find most difficult, if any? 
This was an open question, giving students the opportunity to describe, in their own words, any problems they may have which we could help them resolve for them in our teaching practice. 
EVALUATION

The questions in the post-test paper were similar to the pre-test paper. Overall, the appropriate methods have been used to examine students’ misconceptions in percentages. After discussing the identified misconceptions with the class teacher, a scheme of six lessons was devised and presented to the class. I found that this form of teaching experiment was most helpful in aiding me to research ideas for this survey. The design of the teaching experiment is important, especially considering the impact that teaching has on our students. 
 Kanli (2014) pointed out that, in secondary school, the focus should be on helping children to understand the notion of per cent and relating this to simple fractional amounts, for example, halves, quarters and tenths. It is tempting to think that we might introduce children to a mathematical formula in order to solve more complex percentage problems, but this should be avoided – as Svandova (2014) argued, teaching in this way leads to weak understanding and negative attitudes towards percentages. Instead, it is more helpful to introduce equivalent fractions, decimals and percentages together. This is affirmed by Van den Heuvel-Panhuizen (2003) who explored a Dutch Realistic Mathematics Education (RME) learning trajectory in which Grade 5 children were taught percentages. Through a process drawing on the children’s own experiences of using percentages, decimals and fractions, it reported that it was remarkable how easily the children got to work so easily … “everything happened very naturally, and it was clear from the way in which the children discussed [the assignment]… that they knew what the percentages represented” (Van den Heuvel-Panhuizen, 2003, pp20). Bearing these strategies in mind, I planned the intervention teaching to include equivalent fractions, decimals and percentages, rather than percentages alone. 
 Kanli (2014) also stated that one key aspect of teaching percentages is to help children understand the relationship between fractions and percentages. Children need to understand that 50% is equivalent to one-half and 25% is equivalent to one-quarter. This enables children to solve simple percentage problems using a conceptual model based on their understanding of fractions, thus avoiding ‘the formula’. If teachers wish to explore more complex problems with some children, they can then use the conceptual model to derive ‘the formula’ for ‘of’ problems, so that it becomes a natural progression in understanding. Some children will find the concept of percentages very difficult. This may be because their understanding of fractions is weak. In these cases, teachers will need to return to earlier concepts relating to fractions, including concrete representations of part of a set and part of a whole.

Furthermore, White et al. (2007) discuss how the multiplicative relationship of percentages causes children difficulties. They cite Misailidou and Williams (2003), who showed how 10−14-year-olds often used inappropriate additive strategies. Another difficulty is with the terms ‘of’ and ‘out of’ − both of which represent an operator which needs explaining: ‘of’ represents the multiplication operator, for example 50% of 80 means 0.5 × 80; ‘out of’ represents the division operator, for example 40 out of 80 means 40 ÷ 80. Such misconceptions also have been confirmed in this research. A number of the students have ignored the percentage signs and operated them as normal numbers.
 In terms of data analysis, first of all, I reviewed all the answers to the questions and I had 9 questions in total to analyse. I studied each question and its response systematically, and used a coding system to analyse each question. In order to identify misconceptions and categorise students’ strategies, I included the strategies used, and errors made, in my coding system. I then studied the results of my analysis further, which enabled me to reach a conclusion about any obvious existing misconceptions, and then make appropriate suggestions as to how to rectify those potential problems.

This following report outlines the main findings of that research into Year 8 students’ knowledge. The questions analysed formed part of the assessment of students’ mathematical comprehension skills using online instructional devices. This provided a strong basis of information about the degree and nature of the difficulty related to the understanding of the students, together with the results that the teacher can access at any time.  

Year 8 students carried out a test, and were allowed to use a calculator to answer some, though not all, of the questions.  The answers obtained by using the calculator were generally of a higher standard of accuracy, although those students who were less able still found difficulty. The composition of the class, categorised by ability, was approximately 20% higher attainment and 80% lower attainment. When asked if using the calculator was more helpful, the top 20% stated it was as easy with or without. Out of the remaining students, 50% said the calculator did not help and they still “didn’t get it”. 45% said it was easier with a calculator, and 5% “didn’t know”. The proportion of responses was reflected in the answers attempted by the class, showing a distinct ability difference in how the two groups – the more able and less able students understood basic percentage problems. The explanation seems to be influenced not so much by the difficulty of the questions, but the basic and unfortunate truth that it was virtually impossible for some students to grasp even simple mathematical concepts, with or without a calculator.

 Table 1 shows the results of the initial and final tests. It can be seen that the first test revealed an attainment rate of 43%, while the subsequent test score showed a slightly more positive shift to 52%.While this indicates an overall improvement of the students’ understanding. The limitations to this enhancement need to be fully understood and are examined below in greater depth.
Students who effectively solved these problems were able to show their working (for example, express 0.4 as a percentage, 0.4 x 100% = 40%). Students who failed to answer the questions showed little effort to solve the problem or even give an answer, indicating that they did not understand the question or were not even interested in discovering the result. Four students solved these problems effectively and gave the correct numerical answers but did not show their method. Two students made mistakes in converting percentages to decimals (for example, 30% of 72 = 30 x 72), and one student continued to use the subtraction system to solve percentage questions (for example, 30% of 72 = 72 - 30 = 43%). These errors were revealing in that they helped to identify the specific nature of the main misconceptions. However, while the student responses indicate that different strategies were used to calculate percentages, many of the students did not even attempt to answer these questions.
Comparing the results before and after the test, it can be seen that in the pre-test, more students encountered difficulties in calculating reverse percentage than finding parts. It appears from that result that most students have more confidence in dealing with numbers than worded questions. The result of the post-test also demonstrated that the strategy used in the teaching experiment was effective for some students. The students who responded well to these questions obviously understood the main concept even if there was lack of details in showing their working. 

Following the pre-test, I designed a series of six lessons, one of which expanded on the concept of percentage increase and decrease. The methods were explained and a few practice questions were given, accompanied by an investment competition. This required the students to use percentage increase and decrease analysis to anticipate the ups and downs of the stock market, and endeavour to invest wisely. The students embraced this activity enthusiastically and clearly showed understanding of the concept of percentage increase and decrease when it comes to risking their own money.
In the intervention classes, the purpose of converting percentages to decimals and vice versa was also explained to make sure they all had understood the topic thoroughly and knew the theory behind this method. A number of skills were required to undertake this exercise, such as equivalent fractions and the concept needed to solve percentage related questions. Not knowing the theory behind the method has evidently led to some students harbouring misconceptions, highlighting the fact that students need to know the connection between the different aspects of mathematical knowledge and the importance of studying them as a whole, rather than as separate entities. During the final part of the session I introduced a card matching game, which was closely related to this topic and helped the students to understand the definition of percentage along with the link to fractions.  After each teaching session and subsequent tests they have shown clearly improved understanding of this topic. 

Finally, the project strongly suggests that, in this case at least, the constructive teaching method is more effective than instrumental teaching. The complex and somewhat abstract subject of percentage is difficult for students to fully understand and absorb, let alone be able to reason out the how and why. This is the main cause of stumbling for our students. By simply learning the method to convert among percentages, decimals and fractions instrumentally, most students will go off into the world with little understanding of how to incorporate this information into their daily lives. It will stay in their memory for a short period and then fade away. On the other hand, if we can show them how the subject of percentage can be an influence and a useful tool in their day-to-day encounters, they will gain a surer grasp of the importance of the subject and how it can be of benefit to them in the long term.

This, after all, is surely the aim of our mathematics education.  In general, I believe that the teaching plan met cognitive preparation and guidance on mathematical percentage points. The central focus of the guideline on percentage is to develop students’ understanding of the percentage problem through the use of appropriate digital skills. By following the instructions to create a percentage conversion and comparison assessment technique, and by focusing on the concept of percentage, the consequent knowledge and skills are shown to be consistent with individual needs in the real world.  

CONCLUSIONS

The questions in the tests were straightforward ones. The wording was simple, the design was clear, and there no additional information was provided. Both the structure of the problem and the complexity of the numbers increased the difficulty. Students’ difficulties with the questions, including direct 100% (complexity at the defined level) and moderate percentage (for example, 30%) were very surprising.  However, the misconceptions in percentage in the real world are even more disturbing than this result appears to indicate. 

There are a number of reasons for this. In our society, the very important role of mathematics in general is underestimated in the world of everyday living.  Generally speaking, public attitudes towards mathematics are broadly negative – it is often believed to be of little or no use in the negotiation of everyday life, either at work or in the home, and this attitude may be passed down through the generations and passed on to the next. Furthermore, mathematics is perceived by many as being too difficult and demanding to learn, therefore it remains socially acceptable to admit to being “useless at maths”. Mathematics is often popularly viewed as a collection of unrelated rules and mysterious procedures, which most people think is beyond them, and so feel that there is no need for them to understand or master it. 

Given all this negativity, should it be any surprise to us that, allowing for the many challenges facing them, students may have a somewhat ‘unengaged’ attitude to the subject, and display a certain amount of ‘attention deficit’ when struggling to understand even the basic principles of percentages?  The main difficulty is how to interpret the, seemingly unconnected, problems we set them in an understandable format. By doing so we can encourage them to see the relevance and connection to their own lives and how, by absorbing this knowledge at an early stage in their lives, it will help them in the future. 

As we have seen, this report does not show that the proportion of competencies has reached a satisfactory level, in part because the discovery of parts, percentages and "the whole" is mostly a common problem experienced in ordinary and commercial life. Consequently, this study suggests that an appropriate adjustment should be considered – to the wording of the current teaching guidelines – in National Curriculum Wales that refer to percentage problem. The effective utilisation of percentages, and of all their related issues, requires a deeper general level of understanding of mathematical knowledge of fractions and decimals, and of the relationship between them. 

In this essay I have drawn on relevant sections from the academic literature and professional documents in order to analyse more effectively misconceptions in percentages in secondary school education. It has also shown how the scheme of work was planned, and how an amended teaching practice sought to overcome students’ misconceptions with regard to one albeit important, area of mathematics, percentages. The essay also compared and contrasted results before and after the actual teaching practice, and critically evaluated actual misconceptions in percentages. Finally, it identified and assessed the areas teaching practice needs to be improved in order to avoid the future replication of misconceptions in school education.
LIMITATIONS AND FUTURE DEVELOPMENT
The accepted limitations of this project highlight the need for additional research into the subject of percentages. It should be acknowledged that such research is outside the scope of this report. The results of this research have focused on the basic principles of teaching that deals with patterns and strategies, as well as problem-solving and the cognitive preparation required to advance knowledge. The teaching focus has been on problem-based techniques and strategies, rather than a learning environment that encourages students to establish intuitive strategies to improve their understanding of the problem. The teaching plan implemented and executed in this project improved to some extent an understanding of percentages among a proportion of students who had held misconceptions about them. Other information is needed to investigate the use of instructional programs in other school settings. In order successfully to guide such research, in a perfect world, educational experts should help teachers to devise such teaching plans and assist the teaching practice in the school environment. This will, perhaps, encourage relevant and useful future investigations. 

During the process of testing this program on students, it was found to have not only yielded some interesting results, but also a number of suggestions for course changes. Students who presented their own "hard" and "simple" answers to percentage problems can help adapt the percentage test as a tool for collecting information, which is extremely important and useful to us as teachers.  For the record, the survey of student perceptions of percentages was not the principal focus of this test, but it may, however, motivate research into the ways future action might be improved in this regard. 

A further study of how techniques used in the design and application of teaching experiments might be improved, from the perspective both of the ways in which they are perceived by students, and the ways in which they can shape the dialogue in the classroom, would produce valuable data and be helpful in setting-up and operating such tests within the school curriculum. Research of this kind could also investigate the extent to which teaching methods can help students become aware of other dimensions of mathematics and other related subject areas, above all,  It could help develop further evidence-based teaching methods aimed at motivating students’ to assess more effectively their level of cognitive improvement and its impact on their progress. 

Two more limitations need to be mentioned here. One limitation was that two students missed the pre-test due to illness. One had to do it at lunch time. By comparing the outcomes, their pre-test results were significantly weaker, which suggests the possibility that they did not try as hard as they might since they wanted their lunch.  The other limitation was that the students were allowed to use calculators for some questions and, as a result, it is possible that calculators could have been used for the non- calculator questions. This should have been greater prior consideration designing the test paper. 
For future reference, one proposal would be to provide on-the-job training for teachers and to encourage students to learn mathematics through the teaching experiment system. This report has sought to show how teaching methods adjusted to meet the specific and specifically identified needs of students, may be employed with a degree of effectiveness the classroom, thereby increasing the level of understanding that students have of the subject. In the pre-test, students were given three types of percentage questions, but a significant number of them failed to show their understanding clearly. In the post-test, after the appropriate teaching practice, most students were then able, at least to, grasp the fundamental principles of each of the three types of percentage problems and apply this knowledge to multi-step issues. This may have been one small step for some, but a giant leap for others.
In summing up, the research undertaken for this project, and its application to a real-life classroom situation, suggests that a comprehensive approach to delivering knowledge, of any subject, is essential if we are to capture the imaginations of the young people entrusted to our care. This also reflexively applies to us as practitioners in the teaching profession. If we are to remain committed to providing an excellent teaching practice, we must be motivated and open to change and new ideas. In the short time I spent teaching this programme, I have been impressed by the response of most of the students to my efforts. I have also experienced some disappointments. However, I have been encouraged throughout by the professionalism and commitment of my colleagues who gave me much support and were always ready to share their knowledge and advice.  

I hope I can look forward to many years of teaching, and of learning, not only, from both fellow teachers and our students, how to cultivate the incremental improvements in the skills we all require in excel in our chosen careers.      
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APPENDICES

[image: image2]
Table 01

Pre-test Paper
Calculators are allowed on question 7 and 8.
Q1.  Express 45% and 3% as fractions. 
Q2.  Writing 0.4 and 0.6 as percentages. 
Q3. Writing 1.45 as a percentage.
Q4. Writing 100% as a whole number. 
Q5. A pair of shoes used to cost £80 but now the price has gone up 30%. Work out the new price. 
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     Q6. Answer the following questions and you need to show your work.

[image: image3.png]Table 5.1
Pre- and Posttest Means (%) for Group 1 Students on the Percent Knowledge Test in
Total and in Each Test Section

Components of the Percent Knowledge Test

Test "Total Section T Section T Section 1T
Pretest 3% 60% 0% 0%
Posttest 52% 69% 54% 33%




 A shop is having a sale. There is 25% off each item. How much will the football boots now cost?

Q7. Increase x 
Q7. Increase x by 20% = 120. What is x? 
      Q8. Increase 100 by 10% then decrease by 5%. 
Q9. Which part of learning about percentages do you find most difficult, if any? 
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