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

Introduction 
This project aims to research the impact on learning of a teaching intervention to target identified misconceptions in graphs.   Graphs was chosen as the research topic as it is an area that is relevant to everybody. Data in the form of graphs and charts is all around us. Being data literate (Carlson et al., 2011) is an important skill having the ability to read graphs and charts and to be able to make meaningful conclusions from the information available.  Use of software available to learners today means it is easier and quicker to represent data in charts and graphs (Watson et al., 2013). This allows more time to focus on the understanding and interpretation.   Research shows that graphs is a topic that learners have a number of commonly held misconceptions. This research project aims to identify the most effective methods that can be used to help learners develop correct understanding.  The research focus is a Year 8 – Set 2 class consisting of 30 learners with no ALN. The school is a mixed, high performing comprehensive school in the Vale of Glamorgan. In 2017, 86% of learners achieved A*-C in Maths at GCSE. 

Literacy Review
Qualified for life set out by the Welsh government (2017) identifies that the teaching profession should be research engaged and learning from the best both locally and worldwide by 2021; schools should be learning organisations.  Carrying out research in the classroom is a way to learn and allows teachers to make judgements to support school development and ensure that they are doing their best to improve the quality of pupil education (Swann & Pratt, 2003; Hopkins, 2008).  
Traditional research with tightly controlled experiments and rigorous statistical analysis according to Hopkins (2008) is often difficult for teachers to relate to. Teachers therefore tend to implement a philosophy based research methodology which can help in making more sense of the real-life classroom.  Several models have been proposed under the term ‘action research’ such as the one by Kemmis & MacTaggart (1988) and Elliott (1991) (Appendix 1). These seem to be of similar structure, starting with the identification of an idea to investigate. They then follow a cyclical process involving the following steps:  researching, producing a plan, implementing the plan, monitor the effects and reflection.      
Teachers are already stretched in terms of their time and contact time with pupils. It is therefore important that research does not distract from teaching the pupils and also the data collection must not be too difficult to collect or analyse (Hopkins, 2008). Hopkins does state though that data must be reliable in order to make sound conclusions. He states that the results may be seen to be more reliable by using triangulation to back up the results by using three different points of view. Swann and Pratt describe this a jury of evidence to decide if we can make a strong conclusion or not with the evidence available.  Data collection for classroom research can take several forms (Hopkins, 2008; Johnson, 2011) including: observation or reflective notes made by the researcher or an additional person in the classroom; video or taped recording of class or individual / group interviews; questionnaires; pre and post-tests; pupil feedback or other assessment for learning.   Swann and Pratt suggest those who are new to research to consider carefully how long the data collection will take, suggesting interviews and questionnaires can be a lengthy process.  
Pre and post-tests are commonly used in scientific research (Shuttleworth, 2009). They are a simple form of test that can be used with a single group or more to evaluate the impact of an intervention. Using multiple groups provides an advantage as one can be used as a control to enable a statistical analysis to be completed to evaluate if the impact can be considered significant. A pre-test may encourage some to work harder than those who do not receive a pre-test.  Test performance may also not be a true reflection of actual knowledge for some learners who may suffer panic or anxiety or feel rushed (Ryan & Williams, 2007).  To evaluate the impact of using a pre-test to know if this impacts the learning of the pupils four separate test groups (with varying controls) would be required (Shadish et al., 2002). Research by Marsden and Torgerson (2012) suggest that those who scored higher on the pre-test show smaller gains (regression to the mean effect) so depending on the subject group an intervention could be shown to be more or less successful. They state it is important during the analysis that full consideration should be given to all possible causes of outcomes including history (normal learning experience), maturation (development of learners over time), and test effects.  According to Shuttleworth one of these influences which is unavoidable is communication with peers in other classes.  
Misconceptions in maths are common across all topics, and can be caused by pupils creating incorrect rules themselves to explain what they see (Tanner & Jones, 2000).  Misconceptions can also be introduced through teaching practice where the use of rules and shortcuts are applied to save time and deliver instant success for the learners but minimal understanding (Cockburn & Littler, 2008). Such instrumental approaches (Skemp, 1976) can cause learners to struggle when they are faced with more challenging tasks or problems in different contexts. It is important therefore that careful consideration is given to how topics are delivered in the classroom.  Research in the UK (Ryan & Williams, 2007) has shown that between the ages of 11-14 pupils’ ability in maths progresses at a very slow rate and one suggestion to improve this situation is through improving pedagogy in maths. Ryan and Williams share the view of Tanner & Jones that through having a better understanding of common misconceptions will make for more effective teaching.   
Being able to properly interpret graphs drawn by others and to construct graphs are valuable skills.  Today many different types of graphs are used in all areas of life, particularly by the media (Watson et al., 2013). Graphs may be used typically to either represent statistical data or for plotting algebraic functions.  The literature identifies many potential misconceptions that pupils may have on the topic of graphs.  The following review has been constrained to the main topics that are considered relevant to a Year 8 class (13-year-old pupils).
A common error reported in the literature is misinterpretation of scales which are not graduated in tens or units.   Often it is assumed scales go up in units of one. Coordinates are sometimes reversed though this was seen more frequently when reading coordinates than when plotting points (Assessment of Performance Unit, 1991; Ryan & Williams, 2007; Watson et al., 2013). Many learners were able to join plotted points with a line (Brown & Hart, 1981) however they were unable to identify the number of points that lay on the line between two coordinates (only 6.4% of 13-year-olds got this correct).   Some of the learners insisted that the line must pass through zero (Ryan & Williams, 2007) even if it should not have based on the line of data.   
Brown and Hart (1981) reported in a study only 32.9% of 13-year-old pupils were able to correctly draw and label axes suitable to plot three given points (including negative values). Some incorrect responses included non-linear scales and scales that were different either side of the origin.  In addition Ryan & Williams (2007) report confusion between the x and y axis and where the origin should be.     
Distance time graphs are often interpreted incorrectly with a spatial response. Graphs are viewed as pictures of what they show.  Examples of this are where a positive slope on a graph is interpreted as representing going up a hill and a negative slope represents going down a hill. (Kerslake, 1977; Pimm, 1988; Ryan & Williams, 2007).  Watson et al. (2013) suggest one of the challenges for learners is being able to shift understanding that the x axis can also have a numerical value rather than just a category. Sometimes learners do not acknowledge axis as number lines. With rate of change or filling graphs sometimes higher values can be interpreted as a high rate of change (Watson et al. 2013). These can also be interpreted visually being linked to the shape of the vessel. Scatter graphs are another area where learners need to be able to understand how to interpret what they see using data points plotted on two numerical axes. According to Brown & Hart, 21.6% of 13-year-olds thought points should be joined on a scatter graph showing they did not really understand the nature of the information being displayed. Only 11% were able to predict values from a scatter graph. 
It is suggested from the research that there are many aspects of graphs which are accessible to secondary school pupils such as reading and plotting data (Brown & Hart, 1981).  Other aspects such as being able to understand the link between equations and graphs is more challenging. Today however, with the use of information technology (IT) the more complex aspects of graphing can become more accessible to younger learners (Watson et al., 2013).   Three levels of graphical interpretation were identified by (Curcio, 1987) which have formed a basis for some of the current literature on interpretation of graphs (Monteiro & Ainley, 2003; Watson et al., 2013). The first aspect requires being able to read the data directly from the graph. The second is reading between the data so identifying and explaining trends or relationships. The third is reading beyond the data using the information presented to make predictions for the future.  To interpret the later aspects Watson et al. point out that learners must reason on imaginary points either between or outside of the data. In teaching or evaluating these skills Monteiro & Ainley suggest it is context dependent which needs to be created in the classroom.  This can be helped by interpreting misleading graphs from the media. With regards to teaching on graphs it is suggested to consider the order that graphical ideas are delivered so as the material is relevant to the stage of development of the pupils (Brown & Hart, 1981). Pimm (1988) recommends the use of digital technology to aid in the understanding of graphs such as computer software and conducting experiments. In addition, Pimm proposes the use of open tasks to allow the learners some freedom within tasks. Ryan and Williams state that there is a current gap in research into mathematical graphicacy, however, the use of new graphical software as a teaching tool presents an opportunity for learners in the classroom.  This could be in the form of modelling or investigations.  Watson et al. report that software is particularly useful to help learners see multiple representations of graphs and connect algebra with graphs.  Active graphing (Watson et al. 2013) is a technique which can aid understanding where learners plot live charts using data which they collect themselves. 
As with action research people learn when there is a problem to solve or something appears not quite right (Swann & Pratt, 2003). This fits with the constructivist theory put forward by Piaget where for new knowledge to be absorbed it must not fit with existing knowledge (Cummings et al, 2006). In the form of action research learning is through a cycle of literature review, trying things out and then reflecting and modifying accordingly.     For learners if they believe that their logic is correct they will not change the way they think, even if they are told it is wrong (Tanner & Jones, 2000). Several sources report (Tanner & Jones, 2000; Cockburn & Littler, 2008) that the most effective way for learners to modify their thinking with regards misconceptions is for them to discover and see clearly themselves that their rules or logic do not work. This is called cognitive conflict (Chambers & Timlin 2013).  In this way by giving the learners questions carefully designed to withdraw misconceptions the learners will be able to identify there is something wrong and adapt their thinking accordingly.             
Hejnỳ’s theory (Cockburn & littler, 2008) shows the stages of how concepts are formed in the minds of learners. This involves first having individual or concrete experiences. When the learner can see a general pattern and make meaningful sense from the information there will be a shift to form a generic model. Varied examples and rich tasks can help learners to identify and form a generic model that can be applied then in other contexts. This type of understanding is known as relational (Skemp, 1976). The next stage is the shift to an abstract model. This shift is significant and often not seen until learners start university (Stehlikova, 2004). Vygotsky (1978) proposed that an essential aspect to constructivist learning was through social interaction. By incorporating paired or group activities into the classroom can aid the learning process and can help boost the confidence of those with weaker maths skills. Being able to describe what is happening helps to check understanding and discussion can help to make sense of this for individuals. 
The following four strategies outlined by Black & William (1998) for assessment for learning are: questioning, feedback, sharing criteria and self-assessment.    Black et al. (2003) suggest using an interactive questioning style and providing learners time to explore questions together. Classroom discussion is in the top ten of the list of influences of achievement compiled by Hattie (2012). Questioning is shown to be less effective and is only fiftieth in the list. Some of the other high impact strategies identified by Hattie include worked examples, multiple exposure, collaborative learning and feedback.  One method to generate classroom discussion is through think-pair-share (TPS).  Some of the effective benefits of think pair share activities are according to Sampsel (2013) increased learner participation, longer answers and better confidence and comfort when sharing with the class. TPS can also be used as an effective means of formative assessment.   Cooperative learning through think pair share should give learners the time to process their own thoughts and ideas about concepts. During the pair activity it also allows time for the teacher to circulate and assess pupils level of understanding.  For discussion to be effective it should be dialogic which means leaners need to listen and respond to those speaking rather than randomly shouting out individual ideas (Clare, 2013). It is likely that the learners will need some guidance on this initially if they are not used to having this type of structured discussion.  There are many other tools or examples that can be used for assessment for learning including:  example work, peer and self-assessment, incorrect answers, score guides, creating questions (Chappuis & Stiggens, 2002). Hattie (2012) and Chappuis & Stiggens suggest always making clear the learning goals of the lesson to the learners. This has the benefit of allowing individuals to track their own progress. Specific feedback can also be given based on performance and what is needed to improve in relation to the goals (Black & William, 2008, Hattie, 2012). 
 
School Policy & Practice 

The school Mathematics department has a comprehensive scheme of work in place for each year group.  Within the scheme of work, it specifies the topics that should be delivered on a weekly basis.  For Year 8 the topic of charts and graphs falls within statistics and statistical diagrams and can be delivered over a period of four weeks (twelve, one-hour lessons).  Three lessons which are felt most relevant to the topic of graphs from the scheme of work include: interpret diagrams and graphs, real life graphs and conversion graphs, drawing and interpreting scatter graphs.   Each individual teacher has the freedom to teach the topic how they wish, however, the general syllabus is guided by the Cambridge Essentials Core Mathematics for Year 8 text book. The standard of teaching was rated by Estyn (2013) as good.  Teachers tend to use a mixture of the text book and their own resources when delivering lessons.  Resources at the school are adequate and each classroom uses a projector linked to a computer and a standard whiteboard. Some of the staff at the school also use the online graphing tool Geogebra for graph work but this has only been observed being used at Key Stage 5. Recently, however, more of the department have been trained in the use of Geogebra and they would like to use this more. Potential applications could be in teaching functions, graphs and transformations.  Overall the department does not spend a significant amount of time on this topic in Year 7 or Year 8. In Year 7 there is only allocation of a starter on interpretation of graphs.   The knowledge of the current Year 8 learners is therefore most likely to be informed by primary school teaching or that of other subjects such as science.  
To determine the learners’ prior knowledge and if they hold any misconceptions a diagnostic test will be used.  The diagnostic test will consist of 10 carefully selected questions each to highlight different misconceptions as outlined in the literature. The diagnostic test is presented in Table 1 below with an explanation of which misconception each question will aim to identify.  









	Pre & post-test questions.Table 1: Diagnostic Test

	Reasoning for selection on test.
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	Test if learners reverse plot ordinate pairs on a simple linear axis (including negative values) (Brown and Hart, 1981).  

Test if learners think the line must pass through the origin (Ryan & Williams, 2007) – The points were selected so as the line should not pass through zero. 

Test if learners understand what the line they have drawn represents. (Brown and Hart, 1981)  
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Tests learners’ ability to draw appropriate axis and scales.
(Brown and Hart, 1981)  
A range of positive and negative numbers were chosen to see how learners would plot a negative axis and where they would cross the x and y axis. 
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	 Tests learners’ ability to read off scales which are not graduated in units or tens. 
(Watson et al. 2013)  
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	Test for pictorial interpretation of the graph.
(Ryan & Williams, 2007)
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	Test if learners can correctly interpret rate of change for a filling graph. Pictorial interpretation or peak shows higher rate. (Watson et al. 2013) 
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	Check can learners read what the graph shows. (Brown and Hart, 1981)

Test learners correctly interpret the data. (Brown and Hart, 1981)

Test learners can read beyond the graph. (Brown and Hart, 1981)
(Curcio, 1987) 



Methodology and Ethics 

An action research model similar to that outlined by Elliott (1991) has been applied in this research project.   The reflective model is a good fit for use with classroom-based research being based on research based evidence and data but also having flexibility to allow for adaptation to the needs of the pupils.   The research consists of the following: giving the learners a pre-diagnostic test on the subject of graphs; designing a scheme of work and teaching a series of interventions to tackle any identified misconceptions or gaps in knowledge; giving the learners the same diagnostic test to evaluate learning; an evaluation of the results.
The diagnostic test was given to the learners before any interventions were carried out to assess baseline knowledge and what misconceptions there were. Diagnostic tests unlike questionnaires or interviews are quick to deliver and evaluate, however, a small number of questions were used in the diagnostic test that required a worded response. It was thought necessary to really understand the learners’ reasoning behind their answers in order to target the teaching intervention. The results of the pre-test helped to understand where the teaching intervention should focus and when designing teaching activities and the scheme of work. Each of the questions showed there were misconceptions or gaps in knowledge in some pupils which meant that the scheme of work had to be ambitious aiming to cover a lot of material in four lessons. The design of interventions were based on approaches recommended in literature including appropriate scheduling of the tasks in terms of understanding level (Brown & Hart, 1981) with the use of information technology (Pimm, 1988) and active graphing (Watson et al., 2013). The lessons started with real life graphs progressing to conversion graphs and finally scatter graphs aiming to develop ability in reading the graph, reading between the data and reading beyond the data (Watson et al., 2013).   Included in the scheme of work are assessment for learning techniques.  These were based around the four strategies outlined by Black & William (1998) discussion, feedback, sharing criteria and self-assessment.  Think-pair-share was used to generate discussion along with mini-whiteboards and examples of graphs which are misleading or have errors. Peer feedback was also used for learners to assess another’s graph work based on the criteria specified on a mark scheme provided.    The post-test given after the teaching intervention was exactly the same test as the pre-test to enable direct comparison to the initial results. This was conducted within a week after the intervention to minimise the impact of history or maturation effects (Marsden & Torgerson, 2012).    
A single Year 8, set 2 class were selected for this study which should mean that learners are at a similar level in terms of their mathematical ability and maturity to access the learning. This will mean however that the conclusions that can be drawn will be limited to the specific target group.    Time constraints (Swann & Pratt, 2003) of this project prevent the use of control groups to assess the impact of the test effect (Marsden & Torgerson, 2012) or any other influences on the learners’ performance such as normal teaching practice.   Because of the lack of control groups, additional evidence will be required to validate the effects of the intervention. Triangulation will be used where possible to judge (Swann & Pratt, 2003) the impact of the teaching intervention. This will take into account the pre-test and post-test results as well as a combination of in class assessment, third party classroom observations made by a qualified teacher and my own notes and reflections.  
The British Educational Research Association (BERA) Guidelines (2011) have informed the ethical considerations for this research to ensure that best practice is adhered to throughout.    Any research according to Swann and Pratt (2003) that is not respectful of individuals is considered bad.    BERA  identifies that research should be respectful of individuals, freedom, quality and knowledge. According to the BERA guidelines, researchers must get voluntary consent from all the participants before the research is started. Researchers must also ensure that the participants are fully informed and aware of the research process that they will be involved in and are aware that they have a right to withdraw at any time.  Throughout the research all participants should remain anonymous and researchers should ensure compliance with The Data Protection Act (1998).    To meet the obligations an ethical consent form (Appendix 2) was given to each of the participants prior to commencing the research. The form, which clearly sets out the purpose of the research and the responsibilities and rights of the participants, was read to the class. They were then given time to read the form and to ask any questions before making the decision if they wished to sign giving consent to be included in the research project.    All data collected has been stored in a secure location and participants identified by a randomly assigned number to be used in case of a withdrawal request.  In this report, the school and any participants will remain anonymous. BERA and Hopkins (2008) suggests that research must be undertaken with full integrity and that it is the responsibility of those in education to conduct their research maintaining the highest standards.  This is particularly important where the researcher has a role in not only collecting and reporting the results but producing and delivering the teaching materials. It is clear that the results should be presented openly and honestly without falsifying or distorting any findings. 



Evaluation

The results from the pre-diagnostic and post-test assessment have been summarised in Table 2 on a question by question basis.  A total of twenty-three learners who had given their consent to take part in the research were present for both the pre and post-test.  No notice was given to the learners prior to the pre- or post-test therefore they had not prepared in any way. In the pre-test an average of 37.6% of the questions were un-answered. In the post-test this had reduced to 2.9%.   
	
	
	Q1
	Q2
	Q3
	Q4
	Q5

	Number of pupils with incorrect / no answers
	Pre-Topic Test
	3
	1
	23
	15
	17

	
	Post-Topic Test
	0
	0
	23
	11
	6

	Percentage incorrect
	Pre-Topic Test (%)
	13
	4
	100
	65
	74

	
	Post-Topic Test (%)
	0
	0
	100
	48
	26

	
	Reduction (%)
	13
	4
	0
	17
	48



	
	
	Q6
	Q7
	Q8
	Q9
	Q10

	Number of pupils with incorrect / no answers
	Pre-Topic Test
	23
	23
	17
	19
	21

	
	Post-Topic Test
	4
	6
	3
	8
	3

	Percentage incorrect
	Pre-Topic Test (%)
	100
	100
	74
	83
	91

	
	Post-Topic Test (%)
	17
	26
	13
	35
	13

	
	Reduction (%)
	83
	74
	61
	48
	78



Table 2: Results from pre-topic and post-topic tests (total sample size – 23 pupils).
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Figure 1. Showing the improvement of individuals test scores against the original score. A weak negative correlation indicates there is some regression to the mean (Marsden and Torgerson, 2012) where those scoring lower initially make more gains. As the highest score on the pre-test was 5 out of 10 all learners had opportunity to improve.  All learners showed some improvement over the intervention period.  22% of the learners scored 90% on the post-test. 
Question 1 aimed to highlight any misconceptions regarding plotting ordinate pairs on a set of labelled axes (Brown & Hart, 1981).  13% of the learners did confuse the x and y coordinates when plotting the points.  Being able to use coordinates properly was seen as a prerequisite to graphing to be able to interpret the graph.  A codebreaker style starter was therefore used where learners had to correctly read letters from given coordinates to find the title of the lesson.  If the learners incorrectly read the coordinates their title would not make sense and they would find out themselves that their understanding was incorrect (Tanner & Jones, 2000).  After the exercise those who knew how to read coordinates shared with the others how they remembered using the commonly used along the corridor and up the stairs. All learners correctly identified the title and observation comments from the lesson suggested that they were all engaged in the activity.   In the post-test all learners were able to answer this question correctly.   
Question 2 asked learners to draw a straight line through the points they had plotted.   Most learners managed to do this successfully, even if they had confused the x and y coordinates when plotting the points.  A small number of learners even extended the line beyond the last plotted points   One learner incorrectly drew the line passing through the origin in the pre-test.  To allow the learners to tackle this misconception (Ryan & Williams, 2007) a graph was displayed that had a number of errors (e.g. no title or axis labels) but it also showed a graph which did not pass through zero (the conversion of temperature between Centigrade and Fahrenheit). The learners were asked to point out what was wrong.  One learner pointed out that the error was with the line as it did not pass through 0 which was an ideal time to bring this misconception into a classroom discussion. In the post-test this misconception had been corrected and all learners drew the line correctly.    
Question 3 was chosen to determine if the learners could interpret between the data (Curcio, 1987) and identify how many points lie on the line between points (5,8) and (3,6).  Learners who gave answers put either 0, 1 or 2. The explanations were there are no other points between the two points or there is space for one more (where the lines cross) or the difference between the coordinates is 2. This clearly showed that they did not really understand what the line represented.   No learners were able to answer this question correctly in either the pre- or post-test.  The intervention to target this misconception was planned based on the development of conversion graphs and using a digital graphing tool (Pimm, 1988) Desmos.  The learners were first to complete a conversion based on currency for two given points and two of their own. The aim was to then plot all of the class points into Desmos to demonstrate that the more points we add the closer we get to producing a line. We could then zoom in to demonstrate there are more points that could lie between the points shown. IT difficulties and poor projection meant Desmos did not work effectively on the day. This distraction led to some poor behaviour in the class and according to the lesson observations few people were paying attention.   Resorting to another example of pizzas vs number of people fed, the class used think-pair-share (Sampsel, 2013) to tackle what does the conversion line represent, and can the line be extended (backwards or forwards). The learners did not buy into there were more points between the lines as you can not have a part person.   There was not time to revisit this, so the learners had limited exposure (Hattie, 2012) to this new concept.  This concept may also be quite hard for the learners to grasp due to their maturity (Brown & Hart, 1981) and may be helped if they had understanding of graphically representing equations.      
Question 4 required drawing an x-y axis and to add a suitable scale to plot a number of positive and negative coordinates (Brown & Hart, 1981).  Pre-test responses included scales which were non-linear, differences between positive and negative scales, no negative scales.  Drawing axis and scales were generally included in the scheme of work as part of the teaching under conversion and scatter graphs.  Due to the time constraints and the fact that this was not a direct requirement of the school’s scheme of work there was no specific intervention to target this for negative coordinates. Despite this, the number of leaners who were able to correctly answer this question increased from 35% to 52%.  A further 25% of learners were able to correctly identify a suitable scale but did not draw the axes to cross at 0.     
Question 5 tested learners’ ability to read coordinates from scales which were not graduated in tens or units (Ryan & Williams, 2007; Watson et al., 2013). In the pre-test 30% did not attempt this question, 13% confused the x and the y axis, 26% got the answer correct.    The intervention to target this was using a starter activity.  Two examples were given where as a group we reviewed the process of reading values of a graduated scale. Learners were then asked to individually read values of a range of scales showing their answers on mini whiteboards. The mini whiteboards helped identify one person in the class who needed more support. Cognitive conflict (Chambers & Timlin, 2013) was used asking the learner to count up the scale using the value they had calculated for each interval – they could see it was wrong if the final amount ended up higher or lower than the next given value.   This activity was a one-off and was not revisited during the scheme of work.  It may have been more appropriate to include it earlier in the scheme of work to allow learners to use these skills when creating scales to embed this knowledge. All learners attempted the question in the post-test with 74% getting it correct.  Those who didn’t get it correct tended to make an error with reading one of the axes. 
Question 6 aimed to identify if learners would interpret distance-time graphs pictorially (Pimm, 1988; Ryan & Willimas, 2007). This was the case as many learners who attempted this question initially described the journey as going up a hill, along a flat, up again and then back down the hill.   Others simply put it was a long journey or up same up same down.  No learners got the answer correct in the pre-test.  This intervention took just over one full lesson to teach and began with learners having to link different modes of transport to lines of a distance time graph. Classroom discussion (Hattie (2012) was used to determine what the graph was showing and introducing a scale for both the x and y axis. A distance-time graph was broken down into sections that the learners had to work out what was happening over each section.  Other activities involved the learners using their imagination in a fun way to describe distance-time graphs in their own words to help them remember. Learners were also required to draw distance-time graphs by interpreting a story using the calculation of speed. By allowing the learners to apply their knowledge in a variety of ways it is hoped to develop a relational understanding (Skemp, 1976).  The concepts were also recapped as a starter in the next lesson to help embed the knowledge and learners demonstrated a good understanding in their written work.   In the post-test 83% interpreted the graph correctly.  One learner still interpreted the graph as a picture, a second person who did not attempt the question was absent from the associated lessons. A small number of learners still described the journey as going up and down a hill (perhaps lacking in imagination) but were importantly able to interpret when the graph was flat as being stationary.
Question 7 tested if learners could correctly identify the rate of change for a filling graph of a given vessel (Watson et al., 2013).  In the pre-test no learners were able to answer this question correctly with a valid explanation.   Some of the reasons given were Graph A matches more closely the shape of the graph or A is taller.  Someone selected B as they said more water will fill the bottom than the top, however they did not consider the time this would take.    The method chosen to teach this was using an interactive IT demonstration (Pimms, 1988) where the learners would be able to predict and then see visually a live creation of a filling graph for different vessels. The task started by presenting a vessel. Class discussion followed with learners drawing what they think the curve would look like on the board. The software then plotted a live fill curve as the vessel filled which gave immediate feedback to the learners on the correct curve. Four examples were completed each adding a new complexity to the task.  Following this the learners created their own notes and drew five filling graphs of their own to match different vessels printed on a handout. The whole activity took about twenty minutes and had full engagement. It was an excellent resource according to the lesson comments.  All of the learners were observed to draw their own filling graphs in the class of the correct shape. Written teacher feedback was given in learners books, some needed to draw smoother curves for vessels with sloping sides. 74% of learners were able to answer this question correctly giving a sensible reason for their choice in the post-test.  One learner did not have time to complete this or any subsequent questions on the test. Underperformance on this question may have been related to lack of repeated exposure (Hattie, 2012).  
Question 8 was designed to test if learners could interpret what the graph is showing (Brown & Hart, 1981; Curcio, 1987) – the first level of skill in graphing. In the pre-test 26% of learners could correctly identify what the graph was showing and the rest did not answer the question. Throughout the scheme of work there were many examples of graphs presented for learners to interpret.  Learners showed a good ability to interpret graphs during class questioning and peer-assessed work. Following the intervention 87% were able to describe the information shown correctly, 2 other learners gave vague answers and one learner did not have time to answer the question.    
Question 9 was designed to test the learners’ understanding of what a scatter graph is.  If they understand that the points are individual points not related to each other they will realise the points should not be joined.  Some learners gave an initial explanation as no because there are too many points or because it would be confusing. These types of answers were not considered correct. The teaching of scatter graphs used a method of active graphing (Watson et al., 2013) where the learners use their own data to plot live graphs.   IT was also used (Pimms, 1988) to demonstrate what the line of best fit should look like.  A variety of interesting graphs were also shown to the learners to tackle the issue of correlation does not always mean causation and help to develop a more relational understanding (Skemp, 1976).  In the post-test, all of the learners said the points should not be joined but the reasoning was not always sound suggesting some confusion around what a line of best fit shows. A group activity was planned (but unfortunately not delivered due to time) to create a deeper understanding on line of best fit and has been included in the topic pack.   
Question 10 was designed to test the learners’ ability to read beyond the data (Curcio, 1987) and apply and use a line of best fit.  Very few learners in the pre-test (9%) were able to predict a value using the information given in the graph.    This increased to 87% able to correctly predict using the data in the post-test.  Everyone in the post-test attempted the question except for one learner who did not have time to complete the test. A small number who did not get the correct answer and under predicted the score was down to a poor estimation of the line of best fit.  During the teaching of this topic use of conversion graphs as well as scatter graphs allowed the learners to practise reading information from graphs in various different ways to build a relational form of understanding (Skemp, 1976). Peer assessment (Chappuis & Stiggens, 2002) was used to feedback to learners how they could improve based on a template provided of a model answer.   IT was used (Pimms, 1988) as a tool to allow learners to practise plotting lines of best fit using their phones.   

Conclusions 

Ethical guidelines were closely followed at all times whilst undertaking this research. Careful consideration was given to respecting the rights of individuals and ethical consent was gained of all of the participants. 
Misconceptions and lack of knowledge were highlighted in each area of graphs identified on the diagnostic test. It can be seen from Figure 1 that all the learners in the class showed some improvement over the intervention period.  It was clear that some of the interventions were more successful than others. 
One of the most noticeable changes that came across when marking the pre-test and the post-test was in the number of answers which had been completed. In the post-test the number of unanswered questions had reduced compared to the pre-test by almost 35%.  Even if the learners answered the questions wrongly they demonstrated confidence to have a go. This was encouraging to see and may be as a consequence of the learners seeing some things for the first time in the pre-test and also by creating a positive and non-threatening learning environment.
For this class the three most successful interventions showing the most improvement in learner outcome based on the diagnostic test result and learner engagement were: distance-time graphs (Question 6), filling graphs (Question 7) and using a line of best fit to approximate values (Question 10).  The following three paragraphs discuss the potential reasons for the positive results in these areas.  
Distance time graphs. Learners were exposed to distance-time graphs in a variety of ways to build a relational understanding which can help with remembering (Skemp, 1976). Collaborative learning was combined with modelling, class discussion and individual work. Repeated exposure (Hattie, 2012) was achieved by including a distance-time activity for the starter of the following lesson. The learners were engaged in all of the activities.  
Rate of change / filling graphs. The intervention to teach filling graphs combined a whole group learning activity with classroom discussion, shared predictions and direct feedback using engaging IT software. The learners then had to write down their own notes and complete graphs themselves.  This was one of the shortest interventions in the scheme of work but giving one of the best learning outcomes. It combines a number of high impact strategies (Hattie, 2012). Some of the key aspects were:  learners were fully engaged in the activity, classroom discussion where learners could articulate and develop their thinking, learners received immediate feedback. In this case IT simplified what could have been done experimentally saving time (Watson et al., 2013), resources and potentially increasing learning. The learning outcomes may have been improved giving further exposure to this in a second lesson or homework activity.  
Lines of best fit. Lines of best fit were covered under the topic of scatter graphs. Collaborative learning and group discussion was used to teach this along with practise of active graphing (Watson et al., 2013) and peer feedback. Interesting examples which were relevant to the learners (Monteiro & Ainley, 2003) were selected to maintain engagement.   
Because there were no control groups used during this research the effects are assumed to be down to the teaching intervention. In reality, these could be positively influenced by other factors such as learning from other subjects (Marsden & Torgerson, 2012) or peer discussion (Shuttleworth, 2009). It would therefore be interesting to see if the same techniques would be as effective in other sets, year groups, or schools.  
The least successful intervention was related to Question 3 - understanding of what a straight line on a graph represented (Brown & Hart, 1981).  None of the learners were able to correctly identify that an infinite number of points lay on the line between two values. The poor impact of this intervention is put down to several factors:
· A poor choice of example involving number of people was difficult for the learners to comprehend. The learners expressed it was impossible to have a fraction of a person.  
· Only one example was given to demonstrate this concept so the learners had limited exposure (Hattie, 2012). 
· Limitations of technology – Poor quality projection onto the whiteboard meant learners struggle to read what was presented on the screen so quickly lost interest in what was being shown.
· Lack of engagement for a group activity where only one person is involved at a time. 
Use of IT for teaching graphs has appeared to show promising results for some aspects during this research. This specific intervention may be more suited to a small group investigation activity using laptops where all learners can get involved. A better thought out example for the learners to work with would involve continuous measurements such as distance, temperature or weights.    
A high proportion of learners also incorrectly answered Question 4 which involved drawing and identifying a suitable scale for plotting given coordinates (Brown & Hart, 1981). The main error here was not crossing the axis at 0. Though this was not specifically targeted in the intervention it would be easy to include in an error spotting activity or to have raised this as a discussion point during the coordinate reading starter.  
Success when targeting misconceptions in graphs has been achieved using a combination of collaborative approaches including class discussion and whole class activities alongside individual work.  The most successful activities had the engagement of all pupils and provided immediate feedback to the learners. IT can play a key role in making activities engaging and providing feedback. If used poorly though it has been shown to have the opposite effect.    Planning and preparation is key and selection of appropriate activities should be done with care. 

Limitations and future development

The aim of this small research project was to tackle some of the possible misconceptions that learners have regarding graphs.   Use of the diagnostic test showed that even within a good school and with a high ability set misconceptions were common.  Through completing this research it has helped me to start to develop a better understanding on this topic and begin to improve my teaching, however, there is still much to be learnt. There are many more misconceptions which could be considered and particularly with higher years where graphs are used to represent algebraic equations.   Up to date literature on the teaching of graphs was hard to find as was reported by Ryan & Williams (2007) so more research is needed in this area.    
This research and its associated findings from this study are limited in terms of the sample size; just 23 learners in one class.   Without having any control groups, it is impossible to judge the true effectiveness and benefits of the intervention compared to normal teaching methods (history effect) or other effects (Marsden & Torgerson, 2012). Other effects which should be controlled may include the test effect from delivering a pre- and post-test or maturation effects from learners natural development over time.  The results in this case have been used comparatively and relatively within the focus group to judge effectiveness of interventions based on the number of correct responses and feedback in the class.  Some of the interventions used had clearly more impact than others. To support these findings, further studies may choose to try and replicate the positive aspects of this research within the same school and year group with a greater number of pupils.  In addition, trials could be conducted either within the same or other schools with pupils of varying ages and abilities. An area which would be of particular interest to follow up is the teaching of filling graphs using software. This appeared to be one of the most effective interventions within the scheme of work.    
There were several ideas identified within the research where further development is needed as less learning was shown to have taken place. Consideration of the following points for further research could help planning of future work to tackle misconceptions.
The intervention used to target the misconception of the number of points which lie on a straight-line graph was not successful in changing the learners’ beliefs.    Future work is needed to investigate different ways to target this.   Some ideas may include using laptops and graphing tools to investigate problems related to continuous measurements or basic equations. The tasks should be engaging and relevant to the learners. 
· Teaching of drawing axes and scales to include negative values could also be developed.  Methods for teaching this were not really considered in the scheme of work though it would be a useful skill for learners to have.   
· Scheduling within the scheme of work to ensure that all aspects of the topic have sufficient repeated exposure may help learners to remember. It would be interesting to see how changing just this aspect would affect learning. This would be useful to understand with regards planning future schemes of work.   
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Appendix 3 – Topic Pack
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