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[bookmark: _Toc8496242]Introduction 
 The ability to interpret data is ever more important in the data driven society we live in today (Atz, 2014). A fundamental strategy to make tables of numbers clearly show a trend, is to graph them. Graphing data allows visualisation of the main features of a dataset quickly. Graphing is an important tool in science and mathematics that is used daily by professionals in those fields. Due to its importance, graphing is given high priority in secondary science and mathematics education in the United Kingdom.
 To gauge its importance in secondary education, the GCSE summer physics paper for the Welsh Joint Examination Board (WJEC) in 2016 consisted of over 10 % graphing questions (WJEC, 2016) ; whereas GCSE Mathematics had over 15% (WJEC, 2016). As such, graphing sufficiently has the potential to increase a student’s outcome at GCSE by almost two grades. Due to its importance in science education, an investigation was set out into the quality of graphs produced by students. A common teaching tool is to provide students with an acronym that outlines the key points in graph drawing. The most prominent is the ‘SALUTE’ method. The investigation looked at the effect of the ‘SALUTE’ method on students’ quality of graph drawing. 
The school in which  the research took place was a medium sized comprehensive school in South West Wales. The school has a mixed rural and urban catchment area. Due to activities taking place in the school at the time, the only class who could spare the lessons to conduct the research were a mixed ability year seven class. This is not ideal as the class had limited graphing experience. However, the KS3 curriculum of the school focuses on skills in science in its first year and the students were well versed in graphing and interpreting simple data sets.
[bookmark: _Toc8496243]What is a graph?
Firstly, lets define what constitutes a graph in science. The Oxford Dictionary defines the word ‘graph’ to mean: ‘A diagram showing the relation between variable quantities, typically of two variables, each measured along one of a pair of axes at right angles.’ (The Oxford Dictionary, 1999).  From this it is clear that a graph is a representation of data that shows a trend (or lack of) in a visual format. This is a fundamental tool to all scientific and mathematical disciplines. Graphing allows the drawer to transpose an unclear set of numbers into a from that can be visually inspected and assessed. Using the clearer graphical format for the data allows the prediction of further features of the data set that were previously unattainable. For example, the average global temperature for the last 5 years can be used to predict the change in global temperature over the next 50 years. It is this utility that makes graphing such an important tool in analytic science. 
[bookmark: _Toc8496244]How are graphs constructed?
There are three key elements to making a good graph. These are the; axis; scale; accuracy of plotted points; and the interpretation of the trend via a line of best fit (trendline). The axes is arguably the most important as it sets the foundation for all the other main features. To select a scale for the axes, the maximum and minimum values of the data set need to be identified. From these values the length of the axis can be chosen and the interval between axis markers can be created. This is done for both sets of data. The axis is then placed such that a vertical and horizontal axis are placed at right angles to each other. This then forms the framework from which all the individual data points can be plotted. Once each point from the data set has been plotted on the specially constructed axes, a trend line can be drawn. The line should follow the trend of the data and be as close as possible to the points without changing the shape of the line too drastically. Computer generated graphs are drawn in the same way but are more complex methods of finding the line of best fit are used to decrease plotting error. Although, this is common knowledge, it is worth describing here as it provides a base from which the common pitfalls of graph drawing can be discussed.

[bookmark: _Toc8496245]What is the Salute method?

The salute method is one method used by teachers to ensure learners to not forget to add lines of best fit and units to their graphs. This has the potential to make sure learners access all the marks available to them. The acronym is broken down as follows:
S – Scale, ensure you can fill at least half the graph paper with an appropriate scale.
A – Axis, Draw your scale clearly on a set of axes.
L – Line of best fit, Once you have plotted the points draw a line that demonstrates the trend.
U – Units, Make sure that the graph has axes labels with units.
T – Title, Give the graph a title and ensure all appropriate features are ladled. 
E – Equipment, Only draw a graph with the correct equipment; a sharp pencil and a ruler.
[bookmark: _Toc8496246]Assessment of Drawn Graphs in Physics
In Ks3 the science department of school X puts great emphasis on the need for clean graphs to clearly display the science. The focus is put on the; use of a ruler; written title; drawn line; clarity of plotted points. When it comes to assessment stipulated by the WJEC there are 4 main criteria set out when marking graphs (WJEC, 2017).
1) Axis labelled correctly with units (1). ECF headings and units from table.
a. One mark for giving the vertical and horizontal axis the correct names, including the unit for the physical quantity measured. If the student recorded or measured the incorrect property in their experiment the Error is Carried Forward (ECF) such that they don’t get penalised again for the same mistake.
2) Appropriate scales chosen that use at least ½ of graph paper (1).
a. Although this is self seems self-explanatory, the meaning is slightly different. The scale bars must be created such that the plotted graph fills at least half of the available space. If the scale bars cover the entire graph paper and the plotted graph does not fill the space, the learner will not attain this mark.
3) All plots correctly plotted with ± ½ small square tolerance (2). 1 error (1) >1 error (0)
a. Half a small square tolerance equates to an allowed maximum inaccuracy of 1.25mm in the vertical and horizontal directions. If the student makes one error, one mark is deducted. If the student makes two errors, both marks are lost.
4) Appropriate line of best fit within ± ½ small square division of all points (1). Do not accept a thick, double, wispy lines.
a. The line of best fit cannot be vague. The line must be continuous, thin and singular.
From these four points a student can expect to gain 5 marks for a graph that meets the above criteria. As the question used to assess the effectiveness of the teaching intervention was a past paper from the WJEC practical exam, this mark scheme was used to assess the quality of students produced graphs. The WJEC goes through rigorous testing and reviewing to find a means tested method of assessing student’s answers. Due to this, it is a fair method to assess student graphs against.
[bookmark: _Toc8496247]Common pitfalls in graph drawing – The teachers view.
There are numerous ways in which a learner can make mistakes drawing graphs. As stated above, the marking criteria is strict with a fine tolerance. To discuss where errors can be made, we can look at each of the marking criteria individually and assess what could be done to not attain the mark. What follows is a compilation of the thoughts from the experienced physics teachers at the school where the research was conducted and should give a good basis from which current research can be compared to.
(1) Axis label and units: Generally, learners simply take the heading of their table of collected data and use these as their labels for their axes. The common error here involved the inclusion of correct units. Learners often fail to understand the importance of the unit of measurement and often leave it out. Learners who find dimensionality challenging may include a unit but write down an incorrect one.
(2) [bookmark: _GoBack]Appropriate Scale: Scale is an element that learners struggle with. It may be the reasoning that the scale bar is just a ruler on which we measure our data. The scale or ruler has nothing to do with the actual recorded data, it’s only a mechanism on which to display the measured values. As such students often write the recorded values from their table directly on their scale bars, leading to inconsistent leaps between points and a false directly proportional line that has no bearing on the science whatsoever. Some students do indeed set appropriate scales for their collected data but will lose the mark for their use of the graphing area. As the graph paper is 14x23 cm, not all measurements can fill most of the graph paper easily. Orientation of the paper, choice of scale bar increments and the need to have enough space for the line markers and axis labels can result in a small, but correct graph that won’t receive the mark for scale.
(3) Accuracy of plotted points: The general error here is in simple mistakes which are easy to do. Errors are most likely to arise when learners are rushing. The method most learners in a hurry deploy is the ‘about their’ method. This is where the learner for the most part selects the correct general area to place their point, but are too lax with their placement that the point no longer falls within the 1.25mm tolerance set by the marking criteria (WJEC, 2017). 
[bookmark: _Toc8496248]Common pitfalls in graph drawing – Research into Graph Drawing.
From the teachers comments it is clear there are many areas in which a learner can make a mistake and subsequently lose marks in the exam. There are many parallels between what the teachers thought the common issues were and what is found in research. Hart’s 1981 study on the understanding of mathematics in secondary education provides a detailed analysis of the common pitfalls in graph drawing (Hart, 1981). Although the text is close to 40 years old, it can be said that in the realm of graph drawing, little has changed. Hart found that graphs were an area that pupils struggled greatly on (Hart, 1981, p. 120) which is in concurrence with that said by the teachers. It is worth taking the time to explore how Harts findings on graph drawing misconceptions relate to the four criteria set out by the WJEC. From here on I will refer to the criteria set out in the GCSE marking scheme as points (1) to (4), covering criteria 1 - 4 respectively.
	Hart found the plotting of individual points on a coordinate axis was an easy task to the age group 11-16 with over 90% of the participants being able to plot accurately (Hart, 1981, p. 122).  It is worth noting that Hart also found that the learners struggled using decimal numbers in this context, something which is not beyond the scope of a GCSE question. If these findings remain true today, then most learners should, given the correct scale, be able to access both marks on the GCSE question.
Hart also looked at the ability of learners to create a set of axes and develop a scale. The investigation demonstrated that the younger learners, only 27% could select appropriate axis whereas the of the old learners 70% could select appropriate axis. This finding does suggest that as the learners in the research being conducted are younger, that not many will achieve the mark for the correct use of axis 
Of the participants it was found that 10% selected unsuitable scales, these would potentially not attain the mark for filling at least half of the graph paper, but this number also encompasses the scale overfilling the paper. 
The investigation into lines of best fit are not covered by the text although discussion of equation of a line is present however this is too far removed for the practical aspect of science that it is irrelevant here.
As the age of the test group was at the lower range of the sample studied by Hart (1981) and that of secondary education, further analysis into prior misconceptions is needed at the primary level where most of the graphing teaching has taken place. A more recent text on errors in primary mathematics provided a thorough look at the misconceptions that may be held by the learners in the experiment (Hansen, et al., 2005). A comparison between Hanson and Harts work is needed to cover the misconceptions of the mixed ability class, and what marks they may struggle to attain. 
Looking first at criteria (1) of the WJEC specification (2017), Hansen (2005, p. 114) suggests that a misconception common in primary learners is the inappropriate use of units. According to Hansen, learners sometimes have a fundamental misunderstanding of the quantity that is being recorded and often don’t see the need for units. If this is the case for the learners in the study, they would lose the mark for criteria (1). Already this shows fundamental differences in the level of understanding demonstrated by 11 year olds by Hart in 1981. Hart (1981) seldom mentioned the use of units, let alone a deficiency in this area. However, it is wrong to assume that this is solely due to the age of the learners. A study in 1981, covering the same topic, must have had very different learners who had progressed through a contrasting educational system. Any differenced noted between the two are beneficial for thought, but until the research is conducted little can be drawn other than that. It is worth noting for this criterion, the WJEC states that the learners should use the axis labels directly from the table the data was presented in (WJEC, 2017). Hansen (2005) explains that learners can have a distinct lack of understanding of how to use a table, let alone extract information from it. This could only hinder the learners further attaining mark for criteria (1).
Moving on to the second criteria, Hansen (2005, p. 135) emphasises the lack of understanding in this area is great. According to Hansen learners struggle to understand that once a scale has been set, it must be kept consistent. This is made much more prominent than that suggested by Hart (1981) in secondary education. However, both do indicate that the setting of scale is a problem area for learners limiting the availability of the second available mark.
Hansen (2005) states that on simple scales with relatively simple numbers, learners can plot accurately. Unfortunately, there is no information about the plotting success on less uniform scales with more difficult points. It is assumed then that if primary learners can plot whole numbers well, there could be minimal issues with the plotting criterion.
Hansen also does not cover primary learner’s ability to plot lines of best fit. This is most likely due to the lines of best fit are absent in the national curriculum for primary level.
[bookmark: _Toc8496249]Future predictions and areas of caution
From the reading and the guidance of experienced teachers, it is evident that the class taking receiving the intervention will have low graphing ability. Using this guidance predictions can be made on how the learners will perform in the pore and post-test. It can be assumed that the learners will attain the first mark if they remember to copy the table heading and units into their axis labels, otherwise they will not. This mark is something which could be increased using the salute method. The second mark for the use of scale will be poorly done and most likely only a few of the math learners will attain the mark. As the WJEC has a policy of only penalise once, if the learner draws the wrong scale, they can still gain the marks for plotting and the line of best fit. In terms of plotting the points it can only be assumed that the learners will either attine both, or a single mark. This is the easiest part of graph drawing and the one that the learners have had the most practice within their studies. When it comes to the line of best fit, due to their minimal practice, few will draw an appropriate line following the WJEC marking policy.  
[bookmark: _Toc8496250]School Policy and Practice  
The year 7 scheme of work is taught using Donaldson’s suggested teaching style as it is due to be implemented in 2022 (Donaldson, 2015).  Due to this, science is taught in themes that cover a broad range of skills, experiments and concepts. During the thematic approach, simple experiments are used to solidify the scientific knowledge gained in the lessons. These experiments focus on practical skill and the use of data management. The learners will identify the independent and dependent variables and use them to construct a graph. The graphs in the experiments are usually simple and follow a linear trend, however there is exposure to graphs that follow quadratic forms. The learners are expected to draw their own scale bars for both axes, and provide units, labels and a line of best fit. The first time the learners encounter graphs in science is in their fifth theme based around the emergency services. The learners will spend a slightly longer time preparing for graphs drawing with individual lessons spent on the drawing of the line of best fit, plotting points, scale bars and units. During these sessions the learners develop the skills needed for good graph drawing in isolation. These are then combined in place for the first experimental graph drawn.
[bookmark: _Toc8496251]Methodology 
To find an appropriate methodology to the investigation, the wider context of the question needed to be explored. The question under investigation is based upon the question: ‘Can acronyms assist in the ability of a learner to access all marks available to them on a GCSE science graph drawing question’.
To investigate this question, action research methodologies were chosen as the primal methodologies used in the study. This is because the heat of the research is of primary benefit to the researcher. Fundamentally, the question was set to assist in and potentially improve the researchers teaching strategies when it comes to graph drawing. 
Action research is a method of finding change and improvement at the local level (Cohen, L; et al, 2007). Its primary goal in the context of this work is for the researcher to take an action to investigate a question. This style of research is one that educators use informally at classroom level. Most teachers have issues with certain classes or styles of teaching and set out to improve the situation via their own individual action research around the question. This particularly practical approach to research is precisely what is needed to investigate the posed question. Action research is not limited to this scope. As was pointed out by King & Longquist (1992) action research is a broad term used to classify a whole host of reach methods where the researcher is the primary benefactor of the research and defining each sub set of action research is an endless activity that only aids to cloud the methodologies at work. King & Lonquist (1992) identify action research as a valuable tool for practitioner lead research, aiding both research and teaching. However, their view is not just for action research. King & Lonquist (1992) mention the potential critiques of action research that were around in 1992 and are still relevant to this day.
One of King & Longquist’s main criticisms of action research is the nature of the research in educational settings. As action research is said to be research in which the researcher has a vested interest or is actively involved in. It is obvious that in an educational setting the teacher who conducts the action research will only examine questions relevant to them (King & Longquist, 1992). It is suggested that this could lead to bias  views of the research questions with poor assumptions of key areas or possibly areas completely overlooked but very important to the question. This is further highlighted by Brown and Jones (2001), as they consider that teachers are only attracted to research that can demonstrate a vested improvement in the learner’s performance. Brown and Jones (2001) concur with the view of King and Longquist (1992) and take it a step further. Brown and Jones (2001) suggest that if the practitioner investigates an issue and finds an improvement in performance in the learners of some kind, who is to say that the improvement only exists due to previous deficiencies in the practitioners previous teaching. Brown and Jones (2001) go on to further point out that considering action research in this light pushes the researcher to consider what improvement can be defined as in the context of the study. This line of thought is a fair criticism of action research in education, any positive result leading from an action is wholly dependent on what the researcher has done beforehand and therefore is only relevant to the researcher unless there was a comprehensive investigation into factors that could have caused the result other than the action taken by the researcher. 
King and Longquist (1992) state in their paper to make specific arguments against practitioner led research in schools. Their reason behind this is clear; however, it seems like a sweeping generalisation. King and Longquist make the point that as the main body of action, researchers in schools are not trained in socio-scientific research methodology and practice well so the bulk of school led research lacks accuracy (King & Longquist, 1992).  It is claimed that poor training leads to poor assumptions about important facets of the investigation. This coupled with the lack of time for a fully rigours investigation due to the intensity of the teaching schedule, results in a vast body of research that is not reliable (King & Longquist, 1992). It would appear that this is a fault with the educators of teachers rather than the schools themselves, unless the schools host their own training into effective action research. The main establishment in the south-west Wales area that trains educators, puts in place a vast amount of professional researcher led training to all their graduates. The majority of newly qualified teachers from this establishment have sufficient training to conduct their own action research with proper consideration of all the key variables. As the researcher for this study has received such training, this is not so much an issue with this investigation but a general issue with teacher education. Even if the researcher had not undergone the appropriate training, Lee & Yang (2017) state that action research can be conducted as a learning tool for best practice in untrained individuals with positive results, as long as there is sufficient exploration of the scope of the research question to eliminate pitfalls. Vaughan & Burnford (2016) write in depth on teacher education around action research and have found that with appropriate, relevant tuition new and old teachers can conduct effective action research that can contribute to the research community and the principal researcher. King & Longquist (1992) state that the poor training results in a lack of comprehensive ethical consideration in school led action research. In contrast to this view, Brydon & Coghan (2019) suggest that with appropriate in-depth analysis of the research question and relevant generated data, action research can be conducted within ethical remits regardless of the action research practitioners background or training.
As the principle researcher in this case has been trained and has thoroughly explored the ethics of the research activity (which has been approved by the university ethics comity), action research is an appropriate methodology to use in the case of investigating the effectiveness of acronym’s in the teaching of graphs.

[bookmark: _Toc8496252]Method of action research.

As the GCSE is a rigorous exam sat in the final year of secondary education it is clear that to assess the benefit of the acronym a test must be conducted to the same level of rigor as that of the GCSE. The final assessment on whether the acronym assisted the learners in gaining marks should be a short assessment in the style of a GCSE exam with no talking or communication and no assistance from teaching staff or students. To be able to assess any difference in marks attained, a baseline test of equal standing to the final test needed to be conducted before the introduction of the acronym. The structure of the research would then be a pre-test to attain the current class level, followed by the introduction of the acronym, followed by the final post-test. A similar procedure was used in the first action research investigation conducted by two science teachers (Lee & Yang, 2017). Although the results were mixed, it highlights the simplicity of the methodology and potential for insightful learning. The method for conducting the test replicating the GCSE standard with no technology, communication or assistance. The general method for conducting the test in an ethical, research informed manner was taken from Research Methods in Education (2007, p. 414).
As the subject of the enquire is into GCSE level performance, a sample from a GCSE level past paper was selected for the test. This also aids in the robustness of the study, as the GCSE exam papers go through a rigorous screening procedure. They are designed to be accessible and fair. The graphing questions occur in GCSE science practical papers for biology chemistry and physics. The 2016 WJEC physics practical past paper held a graphing question that contained topics the year 7 class had covered, with a table of values accessible at their level. Although more straightforward graphs do exist in the past papers, care was taken to ensure that the learners were familiar at least in part with the topic. The study is on graphing performance thus it had to be ensured that the learners were not going to struggle on the wording of the table of data needed to be plotted and just the plotting itself. 
In terms of analysis, the graphs produced will be marked according to the GCSE Physics WJEC marking criteria (2017). As discussed earlier, this is a rigorous marking criterion that is fair according to Qualifications Wales. The marks form the Pre and Post tests will be thoroughly analysed using statistical analysis. The importance of mixing the socio-scientific research in education with thorough statistical analysis was highlighted by Durcikova in a review conducted in the USA (2015). It was demonstrated that the inaccuracy in action research, similar to those highlighted by King & Longquist (1992), can be greatly reduced with a comprehensive study of the statistical relevance of research findings (Durcikova, et al., 2018) The main points of analysis will be the average score per person in both tests, along with the standard deviation of the average score. This will be looked at in more depth with an analysis into the score per criterion of the WJEC marking Criteria (WJEC, 2017), and the use of statistical tests to aid the confirmation of the hypothesis that the ‘Salute’ method is beneficial to aiding graphing performance. 
[bookmark: _Toc8496253]Ethical Considerations
As the research involved minors undertaking two tests, ethical approval from the governing body was attained before the research was conducted. From this approval certain criteria relating to ethics must be met. Following the guidance set out by university and school policy the learners had the right to be informed about the research and need the opportunity to be able to withdraw at any time. This was set out in a pre-scripted statement set out by the university to be read to the participants. The following discussion about the research quelled the participants concerns on the use of their data. The main source of ethical procedure on informing the participants was withdrawn from Research Methods in Education and, specifically the guidelines placed in (Cohen, et al., 2007, pp. 52-55). Due to the learners right to privacy, all data was stored on a password protected device and was deleted on the submission of this assignment.






















[bookmark: _Toc8496254]Evaluation 
Due to the time limitations of the year 7 science curriculum, there were only 3 lessons available to conduct the action research. These were split into one example lesson and two identical tests.
Pre-first lesson:
Conveniently, the learners had recently conducted a practical that involved plotting a graph. The graph was a simple linear graph on the effect of increasing gravitational potential on the crater diameter of a small ball dropped into sand. The learners had to identify the independent and dependent variables and table their collected values according. The table that was present in the scheme of work already gave the learners the change in gravitational potential as the change in height dropped and were in simple steps of 5cm to 30cm in steps of five. This resulted in a 6-point graph to be drawn. The graphs were peer marked in class. In the last five minutes of the lesson the research was introduced as the topic for the next few lessons. The learners were made aware of what was required of them without any information that might compromise on the research finding. The learners were also told of the ethical considerations the research has raised and their right to withdraw at any point. No learners at this point wanted to withdraw.
Lesson one: 
As the last lesson was on graphs, all be it in a more practical manner, the learners were unsurprised that this was the topic of the next lesson. The lesson was the first lesson on a Tuesday. The class were behaving normally, if not calmer than usual. The learners were instructed to sit in their test seats, of which they were previously aware of. The learners were told that the first part of the lesson would be a short assessment on graph drawing and that there were pencils, sharpeners, rulers and extra graph paper at the front of the class. Sheets were handed out contain the information in a table to be plotted. The GCSE example question contained familiar science and the learners continued without question. The class was kept in silence for the duration of the test, except a few interruptions this was maintained throughout. If a learner finished early there were word searches available for them to complete on the topic of energy. After 20 minutes the class had finished their graphs and had named them and handed them in. The following 35 minutes of the lesson were spent continuing with the theme of energy from their last lesson focusing on renewable energy.
Lesson two:
 Here the learners were introduced to the ‘Salute’ method of graphing. The class was behaving well. The ‘Salute’ method was introduced by showing the learners pictures of bad graphs on the board and have them identify what was wrong. This is usually considered a WABOL, What A Bad One Looks Like. The learners eventually identified all the points necessary to make a graph. These were then mapped to the letters for the acronym: S – scale, A – axis, L – Line of best fit, U – units, T – title, E – equipment. The learners wrote this in their books with a short summary for what each meant. After this the learners were given an easy graph to draw on a large grid and were asked to complete the task using the salute method. The class completed the task very quickly and seemingly well. After this the final minutes of the class were spend talking about whether correlation means causation.
Lesson Three:
This lesson was conducted post-test. The learners were able to use the ‘Salute’ method and had used it successfully last lesson on an easier specimen. This lesson they were to use it on the GCSE question, the same one from two lessons ago. The learners were agitated and defiant. It took almost 20 minutes to get them inside the class and to remove their non-school uniform with assistance from a senior teacher. The learners were not in the state of mind for a test and were reluctant to sit in their test seats. Once they were in their test seats and the post-test handed out the class erupted into talking. Maintaining quest for the duration of the test was difficult and resulted in confrontation and the removal of two pupils. At the end of the test there were learners that spent the entire time sharpening pencils and drawing and had somehow managed to produced very little even under the constant supervision by two teachers.

[bookmark: _Toc8496255]Results
The mark for the graphs produced were out of 5 as per the WJEC marking criteria. The average mark for the pre test was 1.46 with a standard deviation of 1.02. The average mark for the post test was 2.04 with a standard deviation of 1.55. This results in a general increase in the class average of 0.57 marks. 
In terms of the specific individual criteria the full results are displayed in table one.
	Criterion:
	Pre-Test average
	Post –Test average
	Difference

	Correctly ladled axis
	0.21
	0.46
	+0.25

	Correct scale
	0.32
	0.25
	-0.07

	Plotted points (worth 2 marks) 
	0.84
	1.14
	+0.30

	Line of best fit
	0.11
	0.07
	-0.03



Given the marginal changes in the average data, it is worth noting the change in modal average across the tests. The modal mark for the pre-test was 1 out of 5. The modal make for the post test was 2 out of 5.



	Criterion:
	Pre-Test modal average
	Post –Test modal average

	Correctly ladled axis
	0
	0

	Correct scale
	0
	0

	Plotted points (worth 2 marks) 
	1
	2

	Line of best fit
	0
	0



[bookmark: _Toc8496256]Discussion
[bookmark: __DdeLink__206_3050013842]The data collected for the pre-test clearly shows the low level of graphing ability the class was at before the intervention. The class average was one mark out of five. This was to be expected as the year 7’s had limited graphing experience before the investigation took place. An interesting point of note is the spread of the results. It would appear that learners struggled on much different elements to their peers. Some could set a scale but could not plot points accurately, and some set incorrect scales and plotted accurate points on them. The spread can be down to two things. The first is that the learners have learnt most of their ability to draw a graph from primary school. As the class has learners from at least 5 different primary schools there is significant variation between learners in their previous graphing teaching. The second contributor to their spread is most likely the error carried forward used by the WJEC (WJEC, 2017). If a learner were to set a very poor scale that was mathematically inaccurate and changed its stepping interval often, the learner would lose the mark for scale. If the learners, then went on to plot correct points on the incorrect scale then they could attain both marks for plotting as they cannot be penalised twice for the same error. As a result, the learner has a much easier time plotting the points and were able to gain the 2 marks for plotting at the cost of the one for scale. This can cause a divergence between those who scale properly and fail losing many marks and those that don’t scale properly losing only one. As of the date of the pre-test the class had conducted 4 experiments that involved plotting graphs and one 4 lesson segment on graph drawing that focused on the key elements of independent and dependent variables, lines of best fit, scale and plotting accuracy. As such, the year 7’s have had training to produce good graphs at the year 7 level. Due to the question being GCSE based the low mark was expected. However, the ability to acquire a mark on a test aimed at 5 years above their current level should not be put down.
The intervention lesson was a success in the sense of the students received it well. At the end of the lesson the students understood the methodology behind the acronym and what they needed to produce in order to gain the marks. The class had enough practice identifying the issues with pre-drawn graphs on the board using the criteria set out by the salute method. At the end of the lesson, roughly two thirds could name every attribute they needed to produce a full mark GCSE level graph.
The average mark for the post test was 2 out of five. Although, the averages show the class had a broad spectrum of results, the modal average indicated that most students gained their new mark via the second accuracy of plotted points mark. This may have been due to two reasons. The learners had plotted the graph before. Although the graphs were marked and not returned to the learners, the learners may have remembered the general shape of the graph or felt more comfortable with a scale they recognised to attain the second mark. The other rationale suggests that the learners had got better at plotting accurate points on a graph after two lessons focused around graphing.
As the learners had already plotted the graph before, this suggests that the learners plotted better but did not benefit from the structure gained from the ‘Salute’ method in order to access the extra marks for the other four criteria.
Although, there were increases in the class average mark gained in the plotting of points and the axis labelling after the intervention, there was a decrease in the average mark gained in the line of best fit and the scale. As the increase in plotting accuracy could be a result of being more familiar with the form of the graph from the pre-test. There is inconclusive evidence to suggest that the intervention using the salute method to add structure to plotting affected the average mark gained when plotting graphs. Comparing the two data from the pre and post-tests with a t-test, (As recommended by Durcikova (2018) ) at the 5% confidence interval, there is no evidence to suggest that the use of the salute method increased the average score attained on the GCSE question.

There was wide variation between individual students and where they lost marks. The class is mixed ability. There are learners in the class who are more than capable of plotting the graph and who did achieve full marks on the question in both attempts. There are also learners who achieved no marks on both attempts. There are also a handful of learners that are very capable academically but misbehave. Corelating the results of the tests with the learner’s results in other tests does not give any new information as I had hoped. The MAT learners did not show any increase on average compared to the others in the class. As the MAT learners are fully capable of the question this indicated that they did not benefit from the structure either, even though the work is closer to their current level of attainment.

[bookmark: _Toc8496257]Limitations 

Being a dynamic classroom environment there are a few limitations to the study on graphing performance. The most dominant limitation (as discussed earlier) is the class behaviour. In the first instance of the pre-test the percentage of valid attempts at completing a graph was 92%. In the post test this percentage fell to a mere 73%. This was mostly due to behaviour. The lesson was fourth lesson of the day, after lunch. The class seemed agitated. It can only be assumed that something must have happened lunchtime to disrupt the class but the attempts at finding if this was the case was inconclusive.  Simple tasks like lining up outside the door and removing non-school uniform (both school policy and enforced every lesson) took significantly longer than expected. As a result, the class was rowdy and unwilling to conform to simple directions. Significant disciplinary actions had to be put in place before students completed the post test. This generated a significant reduction in the number of complete tests and thus the potential recorded differences between the pre and post-test. The data collected was adjusted for the completion, significantly increasing the standard error of the average. Aside from behaviour, there are a few other factors that contribute to the limitations of the study. The biggest being the small sample size that the classroom presents. With a maximum sample of 34 students, the probability of drawing causation from the actions in the intervention are slim. A much larger sample size is needed in order to thoroughly confirm the hypothesis. Nevertheless, further interventions with other classes in this manner would not have the same effect. Every class has a different timetable and every day is different in relation to how the students feel and react to teaching. What this means is even if the sample size is increased to include other classes there would be significant differences between classes thus comparison of results would be illegitimate. Yet this cannot be dealt with easily. The limited sample sizes and inability to guarantee that one teaching method will work the same with other classes is arguably what makes research into the effectiveness of teaching so difficult. Although there is no concrete data to support the structure provided by the salute method gave a benefit to learners. The learners seemed to use and appreciate the structure provided when drawing their graphs.

[bookmark: _Toc8496258]Future developments
If the test was conducted again then it should be with a GCSE level class as they are the age the method is aimed at and the class has a vested interest into any means that may help them on their exams. The GCSE level class is more likely to not struggle on the basic maths skills and literacy level needed to meet the marking criteria. If the study were to be conducted again on a class in the lower years of secondary school, the learners would benefit from more time spent on the application of salute. The method itself is simple enough to follow as demonstrated by many learners in the study. The data suggests that they learners may have understood what the salute method encouraged them to do to their graphs but were unable to do so accurately. The learners would have benefited from a series of sessions on the salute method, looking specifically at a few components at a time, and practicing that element. A slower more tactful approach where the learners gain familiarity with the individual elements and thud aid the usefulness of the salute method. 
A further enhancement should be the use of a control class. A class of a similar level could be used as a bassline for the study. Pre and post tests can still be done, but the general use of a different class as a guideline could aid in understanding the effect of repeating the same graphing exercise again, and potentially explain the increase in marks attained in the plotting criterion (WJEC, 2017). 



[bookmark: _Toc8496259]Conclusion

The ‘Salute’ method of providing structure to the drawing of GCSE practical graph, was tested to see if it improved general marks received by pupils when drawing GCSE practical graphs. A class of mixed ability year 7’s was tested for their current level of graphing. The class was introduced to the ‘Salute’ method and the meaning behind the process. The average score of the class increased form one out of five in the pre-test to two out of five in the post test. Although this is a 20% increase, this may not be a direct result of the intervention as the gain in the extra mark was from the plotting element, of which the learners may have just had more practice, or remembered the general structure of the graph from the pre-test. The study faced significant challenges with behaviour which resulted in reduced completion of the tests and subsequently lowered the accuracy of the study. Although, the learners used and seemingly appreciated the structure the salute method provided, there is insufficient evidence to suggest that the method enabled the learners at access more marks on GCSE exam style graphing questions.
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