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ESPC7002 Curriculum Development & Enhancement Research Paper
Research into the development of data and graph skills of Key Stage Three students in the science classroom
Introduction
A large proportion of previous studies into the development of graphical skills fail to investigate the construction component of the graphing skill, with the majority of the literature focussing rather on interpretation of graphs. From personal experience, students perceive subjects as being entirely discrete, and thus they are hesitant to apply skills from one subject into the other subjects of the national curriculum. For example, the struggle to apply the graph constructing skills covered in mathematics lessons into other subjects such as science. This research area was chosen for this investigation to address this gap in the academic literature, as well as to develop this important skill and counter the student’s discrete perception of the current national curriculum. School Ω is a high achieving school in an affluent area of South Wales.  The class used in this research, which will be referred to as class λ was a mixed ability year 8 group containing 32 students but on only 27 students were present in the lessons used to carry out this research. The class consisted of ten boys and seventeen girls.

Literature Review 
The focus of this piece of research was based entirely within the realm of numeracy, in the context of science, with the students calculating means, plotting data on graphs, comparing what makes a good graph and accounting for anomalies within a set of data. The Welsh Government has guidance in place for the inclusion of numeracy, as well as literacy, across the curriculum in the form of the National Literacy and Numeracy Framework (2013), often abbreviated to the LNF. This was introduced as part of the curriculum for all teachers in Wales as a statutory requirement in September 2013, with the main aim being to raise student’s standards of literacy and numeracy, to better prepare them for life within and after school.  This cross-curricular development of numeracy is also a key part of the new Welsh curriculum, as outlined in Graham Donaldson’s influential report, Successful Futures (Welsh Assembly Government, 1, 2015) which outlines that numeracy along with the other cross-curricular responsibilities, literacy and digital competency, should be embedded within the six Areas of Learning and Experience to aid students learning. The report also emphasises in line with earlier legislation, that every teacher is a teacher of numeracy, and that we are all responsible for our student’s numerical development. The numeracy framework provides guidance for specific skills that should be developed in each school year. So in relation to the context of this piece of research, the students developed the following numerical skills (taken from the numeracy framework for year 8 students): 
· Developing numerical reasoning by selecting and plotting appropriate graphs with suitable scales
· Using data skills by constructing graphs to represent data for example scatter diagrams/line graphs to investigate correlation
· Use their data skills to consider extreme values (outliers)
However, this last point regarding extreme values or outliers is interesting and raises an issue regarding the rigidity of the LNF, as there is no mention of dealing with anomalous data at year 8. This only occurs at year 9. Considering extreme values is a higher order numerical skill than others developed within this research, but it is a natural progression from the correct construction of line graphs. The LNF’s structure by academic year possesses a one size fits all mentality, defining what students would be able to do by age related expectations. However, not every student fits this mould with approximately 20% of students in Wales being defined as a more able and talented pupil in some way, shape or form. (Estyn, 2018) Therefore not every student is the same, some may be above or below age related expectations and this is perfectly acceptable, so there is nothing to say that year 8 students may not be able to work at a year 9 level. In relation to this, high expectations and an appropriate level of challenge have been shown to be important for closing the gap, raising attainment and pupil development, as identified by Syed, (2014) in relation to the American school system. Likewise the importance of high expectations in the UK is also highlighted by Martin, (2018) in his contemporary work into the risks associated with setting, where he outlines that teachers must have high expectations of all students in their class. So in light of this reading, pushing the students to work at this higher level for this piece of research is actually beneficial to their learning.
Further criticism regarding the LNF was made in an independent review commissioned by the Welsh Assembly Government (2, 2015), nearly two years after assessment against the LNF was made a statutory requirement. In this review, the teaching professionals that were interviewed, identified that they found it hard to support any declarations regarding the positive influence of the LNF on teaching and learning. However, this report was carried out fairly quickly after the introduction of the LNF, only nearly two years which is too short a timeframe for the LNF to bring about any significant change to the standard of education in Wales; a fact that this report also highlights. Nevertheless the LNF, in particular the numeracy framework has been a vital tool for planning this research, and other lessons; to insert meaningful literacy and numeracy within lessons, so that pupils have a wide range of opportunities to develop these significant and necessary skills.
In terms of life after secondary education, the development of numeracy skills, for example data and graph skills as investigated in this piece of research, are of vital importance. Durrani & Tariq’s, (2012) study, establishes the importance of numeracy skills in relation to graduate employability after university. Their study emphasizes that poor numeracy skills are more than likely to hinder any graduate's chance of employment, especially as a large number of graduate schemes require a numeracy test to be completed as part of the interview process. However, the main weakness of this study is that the sample size was rather small and composed of self- selecting volunteers, hence the conclusions drawn from this study may not be applicable to the wider population. The Welsh Assembly Government (2013) aligns itself with the results of this study, applying this reasoning in the context of school education, by proposing that numeracy skills are “absolutely essential” for student’s future employment or further education. Therefore the development of these skills are of vital importance for student’s development, and it is paramount that these skills are developed across the curriculum. 
The main point investigated in this research was “could students graph skills be improved to a GCSE standard with the use of an intervention?” Leinhardt et al. (1990), identify in their seminal work, that the majority of tasks completed by students related to graphs involve either: the construction of a graph from a set of data, or the interpretation of a graph to make sense of a situation. In their work, Leinhardt et al. go on to identify tasks that utilise construction and/or interpretation, such as prediction which is mainly based around construction and classification which involves interpretation. However, the work of Leinhardt et al. only considers education in mathematics, so their interpretation of their results may not be entirely applicable to the sciences. But the identification of the two main themes, construction and interpretation are useful starting points for discussion.
Although the work of Leinhardt et al. (1990) is now nearly 30 years old, they reported that the vast majority of literature at the time was based around interpretation of graphs. Unfortunately, this can also be said about the more recent work in this area, so there is a veritable blind spot in research about the development of graph constructing skills. According to Leinhardt et al. (1990), the construction of a graph is an entirely different process to the interpretation of a graph as it involves the synthesis of something new. In their excellent investigation into student’s misconceptions in regards to constructing graphs, Mevarech & Kramarsky (1997) distinguished three common mistakes: (1) Students plotting a graph with only one point to represent the maxima of a set of data, (2) students plotting two individual graphs, one for each variable, and (3) students plotting a line graph with a positive gradient under every relationship. The results presented by Mevarech & Kramarsky are very interesting, highlighting that outlining the reasons why approaches to plotting graphs are incorrect, may be more important than just teaching how to construct a graph, as well as the significance of graphing skills. In their study into measuring graph comprehension in science, Lai et al. (2016) ally themselves with this thinking, reporting that most students ran into complications linking a graphs features to ideas in science. This was amplified when the students also had to construct the graph. Lai et al. (2016) propose that the development of graph skills, including construction, needs to be integrated further within the science curriculum. However, this large study was carried out in the USA, so the results may not be entirely applicable to education within Wales. But both of these studies did use participants of Key Stage Three age, which is more appropriate to the context of this piece of research as this is when key graph skills are first developed in preparation for national performance based examinations. 
In relation to graph interpretation, Glazer (2011) identifies that students struggle with interpreting graphs in a scientific context. She goes on to state that the processes of acquiring interpretation skills are not obvious, and that it is not compulsory for a student to develop these skills through working with graphs. There are a variety of factors that affect a student’s level of competency at interpreting graphs which we will consider in turn. 
Prior knowledge is one of these factors, of which there are many aspects which relate. Constructivist theory states that students construct meaning from their experiences, connecting new ideas to what they already know, (Mujis & Reynolds, 2011) therefore students carry out this same thinking process with graphs. This prior knowledge could be related to the content of the graph, graphing skills, misconceptions or initial beliefs. For example, a Students prior knowledge could be influenced by the increased exposure to graphs outside of school in our ever changing, technological world, leading to potentially positive or negative consequences for students. Roth & Bowen (2003) identified in their detailed study into the graph interpretation skills of scientists, that when the participant was familiar with the content of the graph/graph design they read it passively, using their previous knowledge to provide an interpretation at a level above and beyond the level of information displayed in the graph. Likewise participants who were not familiar with the graph tried to make sense of it through complex deductions, in relation to what they already knew, as in constructivist theory. However, this point may not be totally applicable to KS3 students, as from my personal experience a large proportion of students are more likely to not try when faced with a problem that they do not know how to solve. Furthermore, the work of Roth & Bowen (2003) only used sixteen participants of which all were practicing research scientists with at least a master’s level degree. A more comprehensive study would include a greater number of participants across a wider age range. Moreover, Chinn & Brewer (2001) conclude in their impressive investigation into theories regarding evaluation of data, that a student’s adherence to a theory affects their interpretation of data e.g. graphs. This bias may lead to a misinterpretation of the data. However, although the sample size was fairly large in this study, the participants were undergraduate trainee teachers, and so the results from this study may not be pertinent. Moreover, the focus of this study was about evaluating data in general. Graphs fall into this category but are only a part of data evaluation, so this study could have been improved by being more specific. Therefore the results from this study may not be entirely applicable to graph skills in a high school setting. These two articles highlight an inadequacy in the literature for studies at an 11-16 age range but they do outline the effect of prior knowledge on graph interpretation.
Additionally, the visual features of a graph such as the type of graph, the colours used, the size and scale of the graph and the labels for the axes may have an effect on the interpretation of a graph. For example, Lauer & Post (1989), argue that a small graph/large amount of data point’s cause’s students to over exaggerate any correlations, leading to a misinterpretation of the results. Colour has been shown to assist with interpretation of graphs, (Lewandowsky & Spence, 1989) and it has been suggested by Shah & Hoeffner (2002) in their thorough work, that colour may be a useful tool for students to use alongside a key/legend to assist with their understanding of a graph, as the use of a key/legend on a graph places strain on the working memory of those who are interpreting the data. However, Shah & Hoeffner (2002) are merely commenting on earlier work, (Carpenter & Shah, 1998) providing a reflection in light of this, and so fail to provide any evidence to support this claim. Shah & Hoeffner (2002) go on to outline that there is no best format for a graph, and that the different graphical formats (e.g. line graph, bar graph) all have their place. However, Glazer (2011) presents a different view, identifying that the different graphical formats affect what information can be understood from a graph, so if the wrong type of graph is used, students may then struggle to interpret the data correctly. Hence, it can be inferred from this viewpoint that in order for a graph to be interpreted correctly, it must be constructed correctly, of an appropriate size to aid with interpreting the information. Therefore the two themes of construction and interpretation are intrinsically linked. This begs the question “Should construction or interpretation should be taught first?” Glazer (2011) argues that the nature of the interaction between the two themes means that there is no definitive, linear order in which to teach these concepts, saying that they need to be addressed simultaneously in a way that benefits each other. Interestingly, Uzun et al. (2012) distinguish in their recent study that students perform better in interpreting tasks, whilst they struggle with construction tasks. This study is more recent than the work examined by glazer (2011), a large proportion of which was published prior to the turn of the millennium. A possible explanation for the findings of Uzun et al. (2012) is that it is possible that the recent advance in digital technology has meant that students are better prepared for interpreting data than they once were, leading to difficulties with constructing graphs because digital technology automates this process for them, so they have less ‘pencil and paper’ practice at constructing graphs. However, the main weakness of this study is that the participants were trainee mathematics teachers, not school pupils, so the results gained may not be entirely applicable to the wider populous of the education system. Also, this was a single study so the findings from another similar study may have given vastly different results. So to sum up it is important that construction and interpretation are addressed simultaneously, but different groups of students may find different skills more difficult.
In light of their reading, the researcher decided to investigate the development of student’s graph constructing skills. Graph construction is more measurable than graph interpretation, and so is therefore better suited for the short timeframe allocated for this research because interpretation skills are not as “transparent”, (Glazer, 2011) and so would be less likely to deliver concrete results. But most importantly, the researcher chose to focus on this area of graph and data skills because there is a need to address the lack of research within this area, as reported in the literature, (Glazer, 2011; & Leinhardt et al., 1990). During instruction, the researcher emphasised the need for the students to be able to interpret the graphs that they produce, as suggested by Shah & Hoeffner (2002), to ensure that the students produce graphs that are interpretable, and so by the interactivity of these two themes, produce graphs that are also constructed correctly, with an appropriate scale and size so as to not lead to over exaggerations of trends. Finally, as required by the Welsh Government, the researcher used the numeracy framework, (Welsh Assembly Government, 2013) as a guideline to inform their planning, however the researcher aimed to push the students to work at a higher level than recommended in the numeracy framework, to aid in their development. (Syed, 2014; & Martin, 2018)

School Policy and Practice 
School Ω does not have a specific policy related to the development of graph skills, instead the development of graph skills is one area that is formatively assessed fairly regularly as part of a skills based curriculum within science lessons at Key Stage Three. Students complete assessments, approximately two per topic, which test the student’s ability with various skills such as fair testing, explanation and graph skills. The majority of formative assessments that involve developing graph skills involve graph construction rather than graph interpretation, often using the students own data from a previous experiment. Graph skills are also developed outside of these assessments, often alongside other practical work and often in line with assessments of the fair testing skill. The data generated from these assessments are then used to track pupil progression over the student’s time at school Ω. In these assessments the students are given a level ladder, to advise the students on what to include to gain each level as well as DIRT (Dedicated Improvement and Reflection Time) tasks to complete after the assessment has been marked. In Key Stage Four and Five, as the emphasis turns into preparing students for examinations, the development of graph skills becomes less formulaic and more tailored to what will be expected in exams.
At Key Stage Three, the science staff at school Ω make widespread use of the acronym SMALT to outline success criteria, defining what makes a quality graph. SMALT stands for:
· Scale
· Most of page
· Axis
· Labels
· Title
The use of the acronym makes the features of a good graph more memorable. This coupled with regular reminders by teaching staff, encourages the students to retain and use this information when the students are constructing graphs. The importance of the first two points from the acronym, Scale and Most of page, relate to points made by Lauer & Post (1989), regarding small graphs causing students to reach incorrect conclusions, and issues raised by Glazer (2011) in relation to the need for results to be displayed properly to minimise the opportunity for the results to be interpreted erroneously. The other points are purely common practice within science, so all of the points from SMALT have a use, helping to guide students to produce quality graphs. Other acronyms have been used by the school in the past but this is the acronym that the science department have found to be the most successful, and so is used habitually.



Methodology & Ethics 
Keen attention was payed to the academic literature regarding research methodologies in education when planning this research, to elucidate the most appropriate methodology to implement. Firstly, a survey was considered, to gather information about student’s ability to construct graphs. This would have involved gathering the student’s opinions about drawing graphs. However, concerns with this approach were raised due to the potential for students to not answer the survey questions truthfully, partly because of the extremely dry nature of graphs. Cohen et al. (2003) report in their wide-ranging review of research methodologies in education, that surveys have little use within small scale scenarios, such as research within the classroom due to surveys having a limited ability to provide explanations, ignoring small details to instead provide large generalizations. As this research was on this small scale, every piece of data gathered from it was of vital importance so this method was discounted. 
An experimental/scientific approach, much like in a scientific experiment, would have involved actively changing one variable to see the effect this has on another variable. At its simplest level this would have involved the use of two groups, with one being the test group and the other acting as a control group to see the perceived difference from an intervention. However, Cohen et al. (2003) advise against the use of this method due to the ethical issues associated with treating human beings in this manipulative manner. Also, as one set of students would be treated differently than the other set, this approach is not fair and would not lead to them both gaining the same standard of education. Bell (2007) also provides criticism of the scientific method by stating that large sample sizes are required to support any claim of causality, as only through a large sample size can the many permutations of human behaviour be managed, hence this method was discounted.
Brewer (2000, cited in Bell, 2007) states that an ethnographic approach would involve the researcher participating directly in the setting of the research, to gather data about the normal activities of the participants to understand how a culture works. Thus, this method can be seen as being inappropriate for use in the teaching profession, as this would involve the teacher having to act as one of the students for this method to truly work, according to Brewer (2000, cited in Bell, 2007). To add further criticism, Cohen et al. (2003) highlights many potential implications such as the Hawthorne effect, which declares that the participants may have a negative impact on the validity of the results by trying to influence, avoid or impress the researcher. Therefore this approach would have not been entirely appropriate to use due to the effect on the student’s education, having possible negative effects on the student’s level of respect for the teacher as well as the validity of the study’s findings.
After completing this reading, it was decided due to the small scale of the study, along with the short time frame that an action research methodology would be used. A quantitative stance was chosen rather than a qualitative approach in order, to gather raw numerical data which could be used to make statistical conclusions about students’ progress. A qualitative approach was ruled out as this would have involved gathering student’s opinions about graphs, gaining insight into their thinking, (Bell, 2007) which may not have gathered meaningful data, partly due to the nature of graphs and generalized student bias against them. Bell (2007) identifies that action research is not a specific technique, it is instead applied research in response to an area for improvement that has been identified by a researcher. This should lead to an improvement in a teacher’s own practice, and increase the performance of their students. A key feature of this approach is the reflective, evaluative nature upon completion to further improve practice. Cohen et al. (2003) report that this methodology avoids the controlling of variables, (as in the scientific approach discussed above) aiding the participants mastery of a subject within a concurrent ethics structure. However, Zuber-Skerritt (1996, cited in Cohen et al., 2003) identifies some potential problems that an action researcher may face, such as the extra work required alongside a normal teaching workload over a limited period of time, a lack of real improvement in students’ knowledge and understanding in comparison to the extra time and effort required for preparation, and the small scale of the study leading to results that are too minimal to be valid. Bearing these points in mind, the researcher still chose to use this methodology due to the small scale and applied nature of this study, whilst using a quantitative approach to gather statistical data. A pre-experimental research design, (pre- and post-tests) was also used in this research. (Marsden & Torgerson, 2012)
The tools used as part of this action research are highlighted as follows: 
· Pre-test: to establish a baseline to measure improvement from and to identify areas where students struggle with graphs; attained by providing the students with data, prompting the students to produce a graph using this data and the marking of these graphs by the researcher.
· Intervention: to teach the students how to create a quality graph in light of their results from the pre-test.
· Post-test: to see whether the intervention improved the student’s grades; achieved by the same method as the pre-test, but with different data to plot on the graph.
· Observation of the students throughout the entire process outlined above, to gather extra data in relation to the raw numerical data from both pre- and post-tests.
The marking of the graphs and a large proportion of the intervention involved an adaptation of SMALT to a GCSE standard. This acronym was identified earlier as being a heavy part of graph skill development within the science department at school Ω’s practice. In order to promote high expectations, as recommended by Syed, (2014) a GCSE mark scheme was used in conjunction with the SMALT acronym, to encourage the students to work at their best, gaining experience of working at this level alongside providing quantitative data and a more substantial framework for marking.
In terms of the ethical implications throughout this research, in line with British Educational Research Guidelines, (BERA, 2011) an application for ethical approval was confirmed and efforts were made in order to reduce the potential negative and unethical consequences of this research by informing the students of the nature of the research at the beginning, being completely open with them, informing the students of their right to withdraw at any time and the anonymity/confidentiality of the data collected. Informed consent was given prior to carrying out this research.

Evaluation 
Evaluation of pre-test
This action research started with a pre-test, highlighted by Marsden & Torgerson (2012) as a common research tool used in pre-experimental research. The pre-test was used to establish the student’s baseline level of competency with constructing graphs.  The students were given a table showing the results from a hypothetical experiment where a ball was dropped from various heights and the time taken for the ball to fall to the ground was measured. There were three repeat measurements for the time taken, and so the students were instructed that they must calculate the means and plot a graph, on the provided graph paper, to show the relationship between these two variables. They were given 25 minutes to complete this activity. In terms of instructions the students were given none other than informing the students that the graphs they produced needed to be interpretable so that anybody looking at the graph, including themselves, can infer a relationship (or none at all) between the two variables plotted on their graph as recommended by Shah & Hoeffner (2002). This activity and indeed the majority of this piece of research was based around graph construction, noted by (Glazer, 2011; & Leinhardt et al., 1990) as being an area of needed research. 

Table 1. The raw data given to the students as part of the pre-test, with the anomalous points highlighted. Taken from Appendix 1.
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The researcher circulated the classroom during this time, observing but not assisting in any way. The data had three anomalous points within it which the researcher placed on purpose to see if any student would notice or know what they were supposed to do with these anomalous points; this was done as an aside to this main body of research. Only one student (student N) noticed that these anomalous points did not follow the same trend as the rest of the data and so they decided to inquire with the researcher about what to do with these points. The researcher informed Student N that they should do what they think is correct, not giving any indication that it was indeed correct to remove these points. Interestingly Student N did not choose to do anything with the anomalous points, perhaps because they had not yet been taught what to do with these data points. Another point of extreme interest was that this same student N also decided to plot the data as a bar chart rather than a line graph. Other students within the class raised this as a line of inquiry with the researcher, who again informed them that they should do what they think is correct, but all students apart from student N decided to plot the data as a line graph, which was correct as the data was continuous and so should be plotted as a line graph. The researcher found it fascinating that the only student who noticed the anomalous data and so was more perceptive than the other students in the class also failed to recognise that the data should have been plotted as a line graph.

Evaluation of Intervention 
Upon completion of the student’s graphs, the students moved onto the intervention phase of this research as suggested for use by Marsden & Torgerson (2012). This started off by the students swapping their graphs with a partner so that they could not attempt to tamper with their completed graphs, which would have affected the reliability of the data obtained. The researcher then initiated a discussion about the task, showing a completed table with the means rounded to the amount of significant figures used in the table, as well as showing the graph that would be obtained if the anomalies were not accounted for. The researcher then asked the students whether the graph looked slightly odd before prompting student N to introduce the idea of outliers. The researcher then explained that the students could either remove the anomalous data when calculating their mean or emit the point when drawing their line of best fit, presenting the students with the graph that would be obtained if they did the first of these options. The researcher then asked the students to recall the usual success criteria used for the construction of a graph, to which they correctly identified the meanings of each letter within the SMALT acronym (as identified in the School Policy and Practice section). An amended GCSE mark scheme, without the unnecessary jargon, was then showed to the students and time was given for the students to identify which points from it were related to SMALT. Upon identification of the points that would be awarded a mark at GCSE and another explanation of this mark scheme the students were instructed to use it to peer mark their graphs, before collecting these graphs in to be marked thoroughly by the researcher.
This signified the end of the first lesson of this action research. Interestingly the students did not collectively peer mark their graphs correctly. There could be three possible reasons for this. Firstly, the researcher may not have explained how to use the mark scheme in a way to provide them with complete understanding, and therefore the fault would be with the researcher. Secondly, the students may have been inclined to award higher marks than what was deserved when peer marking as they might not have wanted to be harsh to their friends or they may have wanted to give their partner a good mark. Thirdly, the students may have awarded a higher mark than deserved as this activity was carried out towards the end of the lesson so they may not have wanted to try to mark correctly out of lack of effort. This may have led to the student’s not having had the patience to check whether every point was plotted correctly within ½ a square as identified in the mark scheme. It is the belief of the researcher that the mark scheme was explained correctly and so the incorrect peer marking may have been a combination of the other possible reasons as the task could be quite laborious with checking that each point was plotted correctly. But this may indicate a point for consideration that the activity following this, at the start of the next lesson, should have proceeded their peer marking. 
The next activity of the intervention involved the students using the mark scheme and working in pairs, to mark 3 example graphs (Appendix 2). This was chosen to see whether the students understood how to use the mark scheme and so knew what they needed to include to construct graphs of a higher quality. Through observing the students and collecting their responses in a group discussion all of them correctly marked the best graph (5/5) and the worse graph (1/5), however there was a slight discrepancy when marking the middle graph (3/5). Approximately half of the students thought the graph deserved four marks instead of three. This was rectified by going through this example as a class, whereby everyone reached the correct conclusion. A possible critique of this activity is that the exemplar graphs given to the students to mark were fabricated by the researcher. As these graphs were then not real examples of students work, the researcher failed to incorporate some elements which would have highlighted more good practice, the main point of which being the incorrect use of dots instead of crosses for plotting points. The researcher was trying to draw two of the graphs incorrectly but failed to anticipate students incorrectly using dots instead of crosses. If the graphs had been made with this in mind then the use of dots could have been emphasised to the students as a point of bad practice, to prompt the students to use crosses when plotting their graphs as part of the post-test and their future work. 
Finally, the researcher gave a short explanation of how to use and draw a line of best fit properly before giving another reminder to the students on how to deal with anomalies, taking input from the students where appropriate. The effectiveness of this part of the intervention will be seen in the students marks related to these two points. However this portion of the intervention was probably the weakest point of this whole piece of action research. It was covered very quickly, mainly because of the lack of time as the post-test also needed to be completed within this lesson. Therefore this portion of the intervention could have been improved by using a more student-led approach, having a dedicated task for the students to complete rather than the teacher led explanation that was used. This would possibly lead to a deeper understanding which may have been retained for longer in the student’s minds to help them in the future when plotting graphs. However no other graphical work was completed with this class during the remainder of the researcher’s time at school Ω, so this point cannot be proven or disproven within the context of this piece of research. Though, this is a point for future consideration.

Evaluation of Post-test
The remainder of this action research was a post-test, as suggested by Marsden & Torgerson (2012) using a similar approach used in the pre-test with the students having to work out a mean and plot a graph using data, to determine whether the intervention has worked to improve their graphical construction skills, as well as their competence with dealing with anomalous data. However, the data given to the students was different to that used in the pre-test, focussing on a hypothetical experiment where a model car was allowed to roll down a ramp and the time taken for the car to travel certain distances was then recorded. Again the students had three repeats of data with which to calculate a mean before plotting their graph. The data also contained some anomalous data which needed to be dealt with in order to construct a correct graph. The students were given 25 minutes to carry out this activity, like in the pre-test, before collecting in the students’ work to be marked. No other instructions were given to the students and no further assistance was provided to help the students construct their graphs.
Table 2. The raw data given to the students as part of the post-test, with the anomalous points highlighted. Taken from Appendix 1.
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However, the use of this post-test may have led to the students to regress, according to research by Marsden & Torgerson (2012) in which the pair argue that using two non-identical tests can lead to a greater value of error within the results. Therefore, as the pre- and post-tests used in this investigation were not identical, this could introduce error into the results. However, it could be argued that providing exactly the same test may not have led to reliable data, because this may have served to be more of a test of a student’s ability to recall from memory rather than their skill at constructing graphs. By providing the students with an extremely similar test but with different data to interpret, this removes the aspect of recall and examines whether the student’s ability at constructing graphs and identifying anomalies has changed as a result of the intervention.
The student’s results from each test were given back to them in a subsequent lesson after both of the tests were accurately marked by the researcher.

Results
Table 3. Showing a variety of results gathered from the pre-test and post-test.
	
	Pre-test
	Post-test

	Mean percentage of students rounding to the correct amount of significant figures
	29.6
	92.6

	Mean percentage of correct x and y axis
	88.9
	88.9

	Mean percentage of correctly labelled axis
	59.3
	81.5

	Mean percentage use of most of the page and an appropriate scale
	51.9
	51.9

	Mean percentage of students attempting to plot a line of best fit
	40.7
	92.6

	Mean percentage of correct lines of best fit
	25.9
	40.7

	Percentage of student's plotting all points correctly
	14.8
	37

	Mean score against GCSE mark scheme (out of five)
	1.9
	2.7

	Mean number of anomalies accounted for (out of three)
	0
	2.4

	Mean number of anomalies accounted for correctly (out of three)
	0
	2.0



Using the mark scheme introduced to the students in the intervention, the pre-test identified that students struggled with constructing quality graphs, with an average mean mark of 1.9 out of five. All of the students failed to account for the anomalies when plotting their graphs for the pre-test. However, upon completion of the intervention the average mean mark against the adapted GCSE mark scheme increased to 2.7 out of five. Also the student’s awareness to anomalous data improved, with 24 out of 27 students taking the anomalous data into consideration, leading to an average of 2.4 out of three anomalies being identified, and 2.0 out of three being dealt with correctly.
From pre- to post-test, a comparison of the results show an improvement in the student’s ability at rounding to the appropriate amount of significant figures, labelling axes correctly, and drawing a correct line of best fit. However, the results show that the mean percentage of students plotting the x and y axis in the correct orientation did not change. This can also be said about the mean percentage of students who used most of the page and a correct scale, which remained at 51.9% in the post test.
Conclusions 
In conclusion, the increase in the average mark gained by the students using the five point GCSE mark scheme when comparing the results of the pre-test and post-test shows that the students improved their skills at constructing graphs as a direct result of the intervention. But significant improvement was not seen in every area related to the mark scheme. No collective improvement was recorded in the student’s ability to use most of the page and a correct scale, even though this was emphasised as being important within the lessons so that the students could be able to later interpret their graphs, as suggested by Lauer & Post (1989), and Glazer (2011). It is noted that most of the failure in acquiring this mark, stemmed from an incorrectly scaled x axis. So if this process were to be carried out again, the researcher recommends that more work should be carried out within the intervention to improve the correct use of most of the page and the correct scale. A possible way that the correct implementation of scale could be encouraged would be to introduce the idea of an appropriate scale being the same as the denominations of a coin, so goes up in ones, twos, fives, tens etc.
In relation to the other areas of the mark scheme, there was a significant improvement in the average percentage of students who could label the axes correctly, with a rise of 22.2%. It can be inferred from this that the example marking activity used as part of the intervention served to model good practice and highlight incorrect methods of labelling graphs, which the students took on bored when constructing their final graphs as part of the post-test. But in relation to the labelling of axes, the percentage of student’s plotting the x axis and y axis the correct way around was found to be the same in both the pre-test and post-test, at 88.9% or 24 students. Interestingly, as seen in appendix 3, different students organised their graphs axes incorrectly in the pre-test compared to the post-test. It can be inferred from this that the students do know how to do this, so they may have made this error by mistake but nevertheless, this could be improved in the future by including an activity to address this within the intervention. Improvement in the students ability to use a correct line of best fit and plot the points correctly, within ½ a square on the graph paper was also noted. However, the results show that the students clearly still struggled with this after the post test, with only 37% of the class being able to plot all of the points correctly and so gain two marks for this part of the mark scheme, and only 40.7% of lines of best fit being plotted correctly. These values do show improvement when compared to the pre-test but as these values are below 50%, it shows that more work needed to be done within the intervention to address these points. For example, upon marking the work it was noted that not all students used crosses when plotting on their graphs, instead using dots of varying sizes which then made it hard to plot the points accurately as required at GCSE. So if repeated in the future, the need for the use of crosses would have to be emphasised at some point within the intervention. Although a vast improvement wasn’t seen in the ability to use lines of best fit correctly, with some students joining up the points rather than drawing a single smooth line, the amount of students attempting to use a line of best fit improved dramatically from 40.7% in the pre-test to 92.6% of students in the post-test. The use of a line of best fit is a more complex skill which was encouraged to be tested in this research upon recommendations regarding high expectations. (Syed, 2014; & Martin, 2018) So even though not all of the students may have used them correctly, (which shows that more work would need to be done about this if this research was repeated in the future) the students clearly gained more confidence in using the lines of best fit over the course of this research. Therefore, the portion of the intervention relating to line of best fit was effective, but it could be adapted, perhaps with a more thought out and prolonged activity to encourage a greater level of progression for the students if this research was to be repeated in the future.
In relation to high expectations (Syed, 2014; & Martin, 2018), the results show that the students both gained more awareness of outliers, and skill at dealing with anomalous data, with an improvement on average of 2.0 anomalies dealt with correctly in the post-test compared to 0 anomalies dealt with correctly in the pre-test. This shows that as a direct result of this action research, the students learned about what anomalies are (which they had come across before but it seems they forgot about), how to find them and how to reduce the influence of outliers by removing them from a set of data. Therefore it can be assumed that the students made progression as a direct result of the intervention, so the portion of the intervention related to anomalous data was successful. As dealing with anomalous data is a higher order skill than other areas of this investigation, it shows the importance of having high expectations for pupil progression as this area of the research was where the students showed the most improvement.
Limitations and future development 
One limitation of this study was the lack of time available to carry this research out. If further time was available more activities could be included within the intervention period to better target areas which didn’t see as much or any improvement in the post-test, such as using lines of best fit correctly and using a correct scale. In relation to this limitation, Glazer (2011) identifies that most of the investigations in the literature into graphing, investigate this skill at a specific period of time and not over a larger period of time. She suggests that graph competence can’t be measured in one sitting, and it needs to be revisited over time to further develop this skill. So a way of improving this study would be to carry out more repeats of this over time, to see whether the student’s competence at constructing graphs improved. When the researcher carries out classroom based enquiry like this in the future, they will endeavour to accommodate a larger period of time for the intervention phase, with a more comprehensive array of activities to elicit a higher level of progression, as well as to revisit skills over a larger period of time to test the student’s progression.
Just like in many other studies of this nature, as identified in Leinhardt et al. (1990) and Glazer (2011), this study had the limitation of having a small sample size. Only twenty seven students were used in this research, so any conclusions drawn from this research are not entirely comprehensive and therefore may not be entirely applicable to the entire population of South Wales. This research is specific to the context of class λ and school Ω so this study could therefore be improved by using a larger number of classes to produce a wider picture of the methods for improving graphical construction skills, to hopefully lead to results of greater repeatability which would show an increased validity of the data gathered from the research. Therefore in the future when carrying out classroom based inquiry, the researcher will use more than one test group to increase the validity of the results. Multiple classes may also lead to different approaches due to their unique contexts which will enable the researcher to improve their practice.
Another possible limitation of this study was the lack of a control group. Marsden & Torgerson (2012) argue that because the pre- and post-tests in this study were not identical, a control group needed to be used to show valid progression. The ethical issues around the use of control groups was discussed in the methodology, but control groups could be used to increase the validity of the results if a similar research project was carried out in the future. However as control groups mean that the standard of education given to all students is not the same, the researcher will not be applying the use of control groups into their future practice.
Finally, in terms of future classroom practice the researcher will make use of the format used within this research: with a diagnostic test to find out what the students know; a targeted intervention to improve the student’s skills, knowledge and understanding; and a final test to see what the students have learned from the intervention. The researcher can see many uses for this format within single lessons and across a topic, especially for revision based activities in preparation for exams to prove to the students that they have made progress. This process will also allow the researcher to test the effectiveness of tasks used in the intervention phase to elicit the techniques that improve student understanding and attainment, in the various areas of science education.
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Appendices:
Appendix 1: PowerPoint presentation for research ECSP7002
Appendix 2: Example graphs used in intervention
Appendix 3: Data from research (Excel File)
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