Research Title
Research into year 8 pupils success rates in graph construction before and after intervention.
Introduction
The research undertaken for this assignment was conducted in a large secondary school in South Wales. The class taking part in the research was a year 8 mixed ability class of 29 students. As not all pupils were present for the whole of the research project only 25 students were considered as part of the research. Primarily the research question was chosen as a result of the poor performance of pupils witnessed by the researcher consistently in the classroom, although it is also noted that there is a lack of recent research in the specific area of graph construction.
Literature Review
Much of the literature studied for this review suggests that the drawing of graphs can be a problematic area for pupils. This is of particular concern in the science classroom for a number of reasons. 
[bookmark: _Hlk23931390]Preece & Janvier (1992) suggest that in order to understand a graph it is imperative that students are able to understand its features and make inferences from it. Without understanding the relationship between the axis and the relevance of accurately plotting data pupils will be unable to correctly make inferences or deductions about the scientific data they have collected or plotted possibly leading to misconceptions or incorrect understanding about the scientific topic being studied. 
Being able to do this is essential for students undertaking their science GCSE qualification. At GCSE level pupils are expected to be able to correctly draw and interpret graphs of which there are a number of marks available throughout the written exam and practical work.
The importance of pupil’s ability to construct graphs is therefore considered an essential skill. Despite this much of the prominent research in this area is over 20 years old, more recent studies however, largely support the earlier findings suggesting that not much has changed with regard to the significant problem’s pupils face with graphing.
[bookmark: _Hlk33459507]Research has consistently highlighted the vast and complex difficulties pupils face with graph construction (Leinhardt et al., 1990; Swan & Phillips, 1998; Lai et al., 2016; Swatton & Taylor, 1994). 
Leinhardt et al. (1990) found that pupils often have misconceptions about graphs and suggests that construction and interpretation of graphs can be simple or complex which has been supported by the following research.
Hart (2004) found that when using simple numbers and bar graphs pupils experienced little difficulty constructing, however when scaling more difficult numbers pupils were less successful, although as would be expected this improved with age. 
[bookmark: _Hlk33546924]Swatton & Taylor (1994) found similar evidence of problems with scaling in that although secondary school pupils were reasonably competent when working with simple scales, performance dropped significantly when the scale was made only slightly more difficult.
[bookmark: _Hlk29664279][bookmark: _Hlk25484928]However, it is not entirely clear what constitutes a more difficult scale. What would be considered a difficult scale for a 10 year old, or a very able pupil or less able pupil could be very different.  Swatton & Taylor (1994) also found that pupil performance was highly sensitive to minor changes in questions. Therefore, a larger number of questions would need to be asked to avoid inaccurate findings. 
[bookmark: _Hlk29664940][bookmark: _Hlk33460265]Lai et al. (2016) found that most students were not able to construct a ‘fully’ accurate graph with students not understanding the meaning of the axis. However, it is not clear what the ability level was of the students or as the study took place over 5 different schools and 7 different teachers it is unclear what level of instruction they had had. 
[bookmark: _Hlk33378669]The GCSE Examiners Report found that pupils in Wales are no different and face similar problems with graph construction in scaling, plotting and drawing the line of best fit (WJEC, 2018).
Despite the numerous research evidence highlighting the difficulties faced by pupils in graphing there has been some contradictory evidence suggesting pupils are able to draw more difficult types of graphs successfully and that it is down to the teaching of graphing which determines success.
This notion was supported in work by Ainley (1995) who produced contrasting results to the numerous studies. She found that primary age school children are able to successfully draw line graphs. She attributes the pupils success (even in younger pupils) to the fact that the work was presented in a meaningful and familiar way relating it to real life. They did not break down the task so the pupils understood the purpose of why the graph was being drawn. 
Ainley at al. (2001) proposes that the teaching of graphs often has a focus on the separate skills such as scaling, drawing axis and plotting points and that young children are not taught this as the skills required are considered too difficult. They claim that traditionally this is the way graph construction is taught and that the breaking down of more difficult tasks into smaller more manageable steps may not be the best way to teach graph construction. 
If this is true then it may account for the failings of pupils in previous research studies where graphs drawn have been constructed out of context. However, there is also no way to determine how the pupils had been previously taught to construct graphs and if this had any bearing on success. It could simply be that some younger more able pupils are able to construct line graphs however as pupils progress working with more difficult numbers and scales this may be the limiting factor. 
It should also be noted however that there were limitations to Ainley (1995) research. It was a very small-scale study of only 25 pupils where they had been able to construct computer generated graphs prior to the hand drawn ones which may have influenced the results. Therefore, a far larger study without the use of computer-based programmes prior to hand drawn graphs would be needed in order to support these findings. In addition, it would be interesting to consider how older pupils performed with more difficult data.
[bookmark: _Hlk28959638][bookmark: _Hlk33545989][bookmark: _Hlk28947458]Researchers have considered whether there is a link between the cognitive ability of the learner and their ability to construct and interpret a graph. Berg & Phillips (1994) suggest that a pupil’s ability to construct graphs is as a result of their understanding of the subject matter and their cognitive ability. They suggest that without this pupils have to rely on intuitive strategies. However, a number of researchers have suggested this is not the case.   Roth & McGinn (1996) suggest that becoming successful at graphing merely requires practice as opposed to cognitive ability. The GCSE Examiners Report recommends pupils be given regular practice in the area of graph construction (WJEC, 2019) which is also supported by Tairab & Khalaf (2004). Swan & Phillips (1998) claim that it is important for pupils to have plenty of time and guidance for the information given to become recognisable and embedded while Orton & Frobisher (1998) add that time is needed for pupils to understand scale and axis which can be more difficult than may be expected. 
[bookmark: _Hlk25489862]With this in mind it is important to consider that learning to draw and interpret graphs starts considerably before GCSE level in our education system. Therefore, if graphing ability is to be improved it is necessary to consider what is being done across the key stages. If it is merely the case that pupils require time and practice to become successful in graph construction the opportunities to practice this skill are essential.
The National Literacy and Numeracy Framework was implemented in 2013 by The Welsh Assembly Government to improve the literacy and numeracy skills (of which graph work is one) of pupils across Wales (Welsh Government, 2008). The LNF gives direction for the skills to be taught to pupils in each year, increasing in difficulty as the pupils progress through each year. However, despite these measures, although there have been improvements in pupils numeracy skills since 2011, it can not be claimed this is as a direct result of the LNF (Welsh Government, 2017).
The LNF however does not allow for learning of new skills across a continuum. A pupil in year 8 would be expected to learn the criteria for that year but may not have achieved the skills required to be successful in the previous year and so should be given more opportunity to develop those previously taught skills before moving on.
Professor Donaldsons, Successful Futures report makes recommendations for a new approach in Wales which may address the above criticism of the LNF.  In contrast to the current approach where one size fits all, pupils would move through progression steps related to their level of skill development at their own pace (Welsh Government, 2015).
Research which highlights the need for a model such as that recommended in the successful futures report can be seen in Hattikudur et al. (2012) study who found that 22% of pupils of secondary school age, despite having experience constructing graphs through the curriculum when asked to complete a graphing task did not attempt the task. In the same study, other students who had very limited instruction in graphing performed well. In addition, ESTYN (2018) suggest that about 20% of pupils in Wales are MAT and need extended opportunities. The successful future model would allow for an individualised learning experience for all students whereby the students who have difficulties in certain areas or exceling are able to be placed on the correct progress step for their development. 
A possible pitiful with regard to the implementation of the Welsh Government Successful Futures model may be seen when the pupil reaches GCSE level. There is an expectation of a minimum standard for all pupils to access marks in terms of graphing even at foundation level which may not have been achieved if the appropriate progression step has not been reached.
In conclusion, research into the success of graph construction was deemed an interesting area of investigation.


School Policy and Practice

School ^ objectives are for pupils to be able to construct and interpret a wide variety of graphs to represent discrete and continuous data. Pupils are assessed regularly on content throughout the year with end of topic tests. Units of work will encompass varying amounts of graph work depending on the particular topic being studied. There is no requirement to give graph work a numerical mark and it is up to the individual teacher to comment if they wish on areas of improvement during marking. There is no formal assessment and recording. Pupils are therefore, given practice at graph drawing (Tairab & Khalaf, 2004; & Roth & McGinn, 1996) however this is not done across the department in a structured way whereby pupils are given a specific success criteria to follow. 

Methodology
Baumfield et al. (2008) suggests that before deciding on a research method to use the researcher should consider what might change as a result of the research, what that change may look like and how it could be measured or observed.  The aim of this research is to inform the teaching and enhance the learning and progress of pupils in graph construction measured against GCSE success criteria. A number of methods were considered for this study some of which are identified as follow. 
Case studies as an option for the research were quickly ruled out. Although, Bell (2010) suggests they allow one aspect of a problem to be studied in detail, there is concern for the possibility of selective reporting. Sharp (2009) also claims that being at the centre of the research could have an effect on those being studied. Time constraints were also a concern.
Surveys as a research method were considered due to the fact they can be used relatively easily and quickly to find information about the pupil’s views on their ability in graphing. Sharp (2009) claims that the strength of the survey in education lies in the ability to get lots of data from even a limited sample size. However, he also claims they can lack depth and that honesty of participants can be an issue. When considering the age range of the participants and the fact that they may not accurately be able to judge or comprehend how able they are in the area of graphing in terms of success criteria, conducting a survey was deemed a pointless exercise for this research.
The experimental style was also considered as teachers regularly experiment but not formally (Sharp, 2009). Bell (2010) suggests that it is relatively easy to use this method and it is measurable, however it is more difficult to establish or test. Ethical considerations are of particular concern with this method of research according to Cohen et al. (2000, cited in Bell, 2010) who question if the controlling of variables such as those you would in a scientific experiment should or could be appropriate in a social situation and that there are a number of ethical problems to consider.
Action research is conducted by specialists who have noticed that improvements are needed in a specific area and that the purpose is to improve performance and make recommendations for good practice which is continually reviewed and evaluated to improve teaching (Bell, 2010). This type of research method matches closely to the requirements of the study to be conducted so was considered the best choice. However, Sharp (2009) highlighted concerns that some feel that action research can lack credibility, while Bell (2010) claims difficulties can occur if results indicate change is needed in the work environment.
[bookmark: _Hlk28872570]When considering the type of data to collect quantitative data was the logical choice over qualitative for a number of reasons. This research is on a small scale with a limited amount of time. In addition, by collecting qualitative data the researcher will be able to compare one set of results to another to possibly produce conclusions however only in terms of the particular class in question (Bell, 2010). Qualitative data was ruled out due to time constraints but was considered as an essential way of possibly developing and triangulating the research were more time available. Baumfield et al. (2008) suggests this type of data is useful particularly in secondary schools whereby results are easy recognisable and can point to the success of an innovation in the form of raised standards against national criteria which is the aim of this research to measure success pre and post test against national exam criteria.

Ethics
Before conducting action research, it is essential to ensure that the ethics and integrity of the research proposal are thoroughly considered. 
In line with the British Educational Research Guidelines (2011) all pupils involved in the action research were made aware of the research that was taking place, why it was taking place and who would see the final report. All participants were made aware they could opt out and/or withdraw at any time if they did not wish to be part of the action research although would still need to complete the lesson tasks. All names of pupils and school are confidential and anonymised.  The deputy head teacher was also made aware of the research that was taking place (Sharp, 2009).






Research
In order to conduct this research, it was necessary to conduct a pre and post-test on pupils graph construction ability. 
Evaluation 
Pre-Test
Pupils were given data in a table format and asked to draw a graph from that data set under test conditions. The test was then marked against the GCSE practical exam graph criteria. This was deemed appropriate as although the pupils are two years younger than when they would undertake this exam, the criteria for drawing a successful graph is the same across both key stages.  Difficulty level would increase at GCSE level, therefore, the data the pupils were given to plot were deemed appropriate for their age. 
No instruction was given to the pupils on how to draw the graph or what type of graph to draw. The pupils would have covered how to draw line and line of best fit graphs in their year 7 studies in science and mathematics lessons, however there is no way of knowing if all the pupils in the class would have been present for all of those lessons in the previous year. No graph work had been taught in year 8 science or mathematics lessons prior to the test. 
Many of the pupils asked which type of graph they should draw, which axis (x or y) they should scale for each of the variables and which way they should orientate the paper. All pupils were told to do whichever they felt was correct. 
Curcio (1987, cited in Orton & Frobisher, 1996) suggests pupils should be involved in the collection of data themselves, however due to time constraints (and the topic being studied at the time of the research was not conducive to graph drawing) pupils did not do this but were given data (Appendix A) and asked to construct a graph. Pupils would have studied the topic of light in the previous year however, there were no real-life experiences (pupils had not recently conducted the experiment) to draw on for this graph (Ainley, 1995). Both of these were seen as limitations to the research.
Sharp (2009) claims that action research allows teachers to learn from what goes on in their class and to adapt so progress can be made. Whilst observing the pupils complete their graphs it became apparent that a larger proportion of pupils than anticipated had drawn the incorrect type of graph, which could result in the loss of marks on the GCSE mark scheme criteria.  As a result, the teaching part of the action research was adapted to include instruction in this area and will be of consideration in future teaching. Interestingly, a number of pupils incorrectly used the data for the dependant variable as the numbers for the scale on the X axis. This was also added as a point of clarification during the teaching phase of the research.

Graphing Lessons
The lessons undertaken by the pupils consisted of teacher lead instruction and a number of tasks designed to identify and address each of the specific areas marks are awarded for on the GCSE mark scheme (Appendix B). Pupils were given an adapted pupil friendly mark scheme (Appendix C) in which to work from when completing tasks.
In lesson one, pupils were given instruction on how to identify the type of graph to be drawn, how to identify the dependant and independent variable and how to determine on which axis these should be placed. The second part of this session involved teaching the pupils how to scale a graph and the importance of equal increments. Pupils then worked in pairs with sample data to identify the correct type of graph, axis and scale. 
A number of the pupils initially had difficulty with scaling which was as expected. Some pupils appeared to intuitively identify the easiest scale to use resulting in graphs that would be too small. Pupils also found difficulty in identifying the correct scale for more difficult data sets which is in line with Swatton & Taylors (1994) findings whereby performance dropped significantly with only slightly more difficult scales. Some pupils identified scales that were unusual and would be difficult to construct with. However, overall the lesson tasks were deemed successful as in the end the majority of pupils completed tasks correctly although some needed additional guidance (Swan and Phillips, 1998).
The second lesson consisted of teaching pupils how to plot data on their graph using a small cross to within half a small square and how to draw a line of best fit. Pupils practiced this constructing their own graph and the drawing of a line of best fit. The pupils were then given a pupil friendly version of the GCSE mark scheme and used this to mark their partners graph and then mark different graphs the researcher had given them with pre-determined errors.
It was surprising that some pupils still drew a cross which was too large which would result in the loss of a mark. Initially some pupils also drew a line as opposed to a line of best fit. This could be the fault of the researcher in that not clear enough explanation was given or these errors could be as a result of previous teaching, lack of concentration, or poor dexterity skills. It is felt that this could be rectified with more repetition and practice (Roth & McGinn, 1996) as it is a straightforward task which require little in depth thought. 
The pupils using the adapted GCSE mark scheme to peer mark and mark the graphs with errors was considered the most successful part of the lesson. Had more time been available these could have been used as additional data to support the action research (Baumfield et al., 2008). The pupils appeared to enjoy the activity and were pleased that they were accessing GCSE level work. During the whole class feedback mini whiteboard activity, the majority of pupils had identified the correct errors and allocated the correct amount of marks for the pre-determined graphs. 
Post Test 
Pupils were given the same data to construct a line graph.  The graphs, as in the pre-test were marked against the GCSE criteria. Results of the pre and post-test were then compared to determine the success of the teaching phase on pupils ability to construct graphs. During this phase pupils worked under test conditions and appeared more confident with what was expected of them and quickly began to work asking no questions for support.
Results
The pre and post test results give some insight into the effectiveness of the intervention.
In order to give a more complete picture it was deemed important for future teaching and learning to look at why a mark may not have been obtained. According to Laudonia et al. (2018) this leads to a better understanding of learners’ thinking and reasoning.
Table 1 shows the mean mark pupils achieved pre and post test against the GCSE mark scheme criteria out of 5. 
Table 2 displays the marks pupils achieved against GCSE criteria pre and post-test.
Table 3 displays further broken-down results in order to gain a better understanding of specific errors resulting in a loss of marks. This was done to assist in changing and improving future practice for the better (Denscombe, 2014). 

Table 1
	
	Pre Test
	Post Test

	Mean score against GCSE mark scheme out of 5 
	1.08
	2.32


Table 2% of pupils attaining the mark


	Marks awarded for graph construction in the GCSE practical exam
	Pre test 
	Post test

	Pupils labelling axis correctly with units (1)
	20
	48

	Pupils using an appropriate scale that uses more than half of the graph paper with origin (1) 
	28
	28

	Pupils plotting 4 out of 5 points correctly (1)
	28
	60

	Pupils plotting 5 out of 5 points correctly (1)
	24
	48

	Pupils drawing an accurate line of best fit (1)
	0
	60











Table 3 
	Additional information from graph construction results
	Pre Test
	Post Test% of Pupils


	Pupils drawing a bar graph
	40
	0

	Pupils drawing a line graph
	60
	32

	Pupils not identifying the independent and dependant axis correctly.
	28
	40

	Pupils not labelling the axis at all, only one axis labelled or with incorrect labels.
	36
	0

	Pupils labelling the axis correctly but not including the units.
	16
	12

	Pupils using a linear scale with equal increments (whether axis identified correctly or incorrectly).
	52
	76

	Pupils using incorrect scale.
	48
	24

	[bookmark: _Hlk28513981]Of those with incorrect scales those pupils who used the dependant variable results as their scale on the X axis.
	28
	16



Ultimately, (despite improvement in a number of areas of graph drawing after intervention) the mean marks obtained out of 5 pre and post-test was still below half marks supporting the findings of much of the research suggesting that pupils have difficulty with graph construction (Leinhardt et al., 1990; Swan & Phillips, 1998; Lai et al., 2016; Swatton & Taylor, 1994). 
Not only did this research highlight the difficulties pupils have in graph construction, it also identified the fact that the pupils were unable to identify the correct type of graph to be drawn. During the pre-test no students constructed the correct type of graph (line of best fit), however, despite drawing incorrect graphs pupils would still have been able to access marks for scale, axis and plotting. The pupil’s ability to identify the correct type of graph to be drawn improved after teaching and learning had taken place, however 32% of pupils still constructed a line graph (resulting in them losing the opportunity for 1 mark out of 5) as opposed to a line of best fit. No pupils drew a bar graph which would have resulted in a greater loss of marks.
Hart (2004) and Lai et al. (2016) claim that pupils face problem with scaling and axis. In this research pupils attained more marks post-test in all areas apart from the marks available for using an appropriate ‘scale’ that uses at least half of the graph paper. There are two tasks which lead to the availability of this mark. Table 3 highlights that there was a 24% increase in the number of pupils were able to identify and construct a linear scale with equal increments after teaching and learning had taken place taking success rate of pupils to 76% post test. This supports Swatton & Taylor (1994) claim that pupils can be successful with relatively simple scales. However, despite using a correct linear scale many pupils actually failed to achieve this mark, either because they had incorrectly identified the axis in the first place or they did not scale their graph over half of the paper which would have required them to choose a more difficult scale and this did not improve with intervention. 
This was unsurprising as some pupils (despite being successful by the end of the lesson) had found scaling problematic during the intervention and had needed additional guidance. However, there could be a number of explanations for these findings.
Firstly, when pupils draw graphs in mathematics there is no requirement to draw graphs which cover at least half the paper, this may have also been the case when pupils constructed graphs at primary level and therefore may be a new skill in which pupils need more reinforcement and practice. 
Secondly, it could have been that this aspect of the graph intervention failed to achieve the desired outcome. This aspect of the intervention could therefore be reviewed and adapted as a result of these findings. 
Thirdly, in order for half of the paper to be used a more difficult scale would have needed to be used and pupils may have just opted for the most obvious scale without considering the size of the graph relying on low level thinking and intuitive strategies (Berg & Phillips, 1994).
Some pupils left out the scale all together or used the actual numerical data itself as the scale during the pre-test. These errors improved after intervention suggesting learning had taken place in this specific aspect of construction.
When considering the axis there are also two parts to the mark available. Pupils need to identify and label the axis correctly and also include the units. There was an improvement of more than double pre and post-test of pupils achieving this mark highlighting the success of this aspect of the intervention. However, when broken down as shown in Table 3 the results at first glance appear deceiving. Table 3 shows that there is an increase in the number of pupils labelling the independent and dependant axis incorrectly, however this can be explained by the fact that post-test all pupils attempted to label the axis (which was not the case during the pre-test) which could account for the increase. However, the increase in error was only 12% as opposed to the increase of 36% of pupils actually attempting to label the axis demonstrating an overall improved understanding. However, despite this post-test 40% of pupils still demonstrated a lack of understanding when identifying the correct axis. This is in line with Lai et al (2016) thoughts on the problems pupils face in this area. 
[bookmark: _GoBack]An improvement in pupils ability to plot their graph and draw a line of best fit was also evident post-test. Errors occurred where pupils did not obtain this mark when a dot/cross was used that was too large or not within half small square deviance which could be rectified with practice.  Secondly, pupils make mistakes when they identified the scale correctly (increasing in increments of 5) but mistakes were made where pupils forgot each small division was worth 0.5 as opposed to 1. The same errors were identified in the graphs whereby pupils had attempted to plot despite incorrectly labelled axis. These finding are in line with the findings of the GCSE examiners reports (WJEC, 2018) whereby pupils in this study have made similar errors. 
When considering the usefulness of these results it was also noted that there was a large gap between the most able who were achieving full marks and the less able who gained no marks post-test. This would be an appropriate place to consider the successful futures model whereby students could be placed on the correct progress steps for their learning needs. In addition, it highlights the need for appropriate differentiation in terms of graph difficulty.
 Conclusion 
In conclusion, 68% of pupils drew the correct graph from 0% of pupils drawing the correct graph in the pre-test and the mean score improved from 1.08 to 2.32 out of 5 suggesting that the intervention and the use of the success criteria from the adapted GCSE mark scheme was effective and that pupils improved their graph drawing skills as a result of the teaching and learning undertaken. 
The areas of the intervention that were deemed successful will be a prominent aspect of future teaching and learning and are as follows. 
The use of the adapted GCSE mark scheme as a success criteria provided pupils with clear insight into what they needed to do to obtain each individual mark. Pupils engaged enthusiastically with this aspect of the lesson correctly identifying errors on graphs. Using this method helped students see where they could make mistakes. This was deemed an important factor in the pupils improved attainment and will be a focal point of future teaching and learning.

Some pupils however appeared to have trouble remembering the steps needed to be successful therefore, it would be useful to explore the use of rehearsal and mnemonic strategies which have proven effective (Nelson et al., 2013) in future teaching and learning.  It may be beneficial to incorporate an acronym such as SALUTE (Scale, Axis, Line, Units, Title, Equipment) to aid recall of the steps needed to be taken which may aid less able pupils.

The intervention used to improve the pupil’s ability to plot and draw the line of best fit will also be used in future practice as there was also improvement in this area. The competition element of giving the line of best fit a mark and justifying the mark then seeing if the they could draw a better line of best fit was successful as evident by the significant increase in pupils attaining the mark. Pupils however would need more practice to ensure they understand the scale increments they have used and to take care with plotting. 

With regard to using more than half of the graph paper, pupils did not show any improvement. In future lessons showing pupils how the graph would look with various incorrect scales may be effective. This would demonstrate how different graphs can look when using inappropriate scales and how this can affect interpretation of a graph particularly from a science viewpoint.  

The amount of pupils attaining the mark for labelling the axis after intervention more than doubled, however, the in-depth analysis highlighted the need for more clarification of how to identify on which axis to place the dependant and independent variables. This is considered as a main area of development within the classroom as incorrectly done would result in a loss of 3 marks. 

For future practice it is felt that studying the topic the graph is being drawn for and the pupils actually completing the experiment themselves would make the data more meaningful enhancing the pupils ability with this aspect of graph construction as they will be able to see the relationship between the variables (Ainley, 1995). This is usual practice within the science classroom however was not part of the research so further exploration would be needed to determine if this would enhance the success rate of pupils correctly identifying the axis.

[bookmark: _Hlk33546397]During the intervention there was a lot of information given to pupils in a short space of time. Pupils demonstrated that they were able to improve after teaching and even with a short amount of practice and guidance (Roth and McGinns, 1997) in contrast to Berg & Phillips (1994) who suggest that cognitive ability and a good understanding of the subject matter determine success. It could be argued that all of these points are important if pupils are to reach their full potential.
 Practice tasks can lead to significant improvements for pupils (Goldman et al., 1986, Goldman et al., 1988 cited in Nelson, 2013)  however, it is deemed essential for this to become embedded regular intervention, time, guidance and practice is required in the classroom (Swan & Phillips, 1998; Orton & Frobisher, 1998).
A recommendation as a result of this research (although future evidence may be needed to support this) would be to have a more structured programme of regular intervention, practice and rehearsal embedded into the school Science department scheme of work using the GCSE mark scheme as an aid, which is monitored through the key stage to ensure progress is being made.

Limitations
There were a number of limitations to this action research. The study was a very small scale therefore results cannot be generalised to the population as a whole. The research was also conducted within a very short amount of time whereby the pupils did not complete the experiment themselves or collect the data themselves. This was due to the constraints of completing the school scheme of work. With more time it would have been possible to extend the teaching and learning opportunities in the teaching phase giving pupils more time to practice and consolidate skills.
When considering future research into the development of graph construction amongst pupils there are a number of areas to consider. 
Triangulation of information and data would be considered in order to overcome any bias or weakness in findings. This would allow for more confidence in findings and would provide a more accurate reflection and understanding of the learning that has taken place (Baumfield, 2008). Quantitative data was not used but could be considered as a good way of developing the research into pupil thinking were more time available. Using this type of data would provide greater insight into why the pupils made the decisions they made when constructing their graphs resulting in a better understanding of any misconceptions they may have. In particular it would have been beneficial for future teaching to gain more insight on the pupils thinking when they made errors choosing which axis to scale the dependant and independent variable on.  
In addition, the work done during the intervention could have been collated and had more time been available this could have been used to support the action research.
For future classroom study it would be important to consider if conducting the experiment for which the graph is to be drawn has a significant impact on success and the pupils ability to label the axis and in turn understand and interpret the graphs featuresas already discussed. 
For future study it would also be interesting to see how more able pupils respond to more challenging data and if there is a drop in success rate  (Swatton & Taylor, 1994). Pupils were not asked to calculate means from a number of trials or consider anomalies in this action research as pupils would not have been taught about anomalies the previous years studies. This would be an area to consider in additional action research projects. Despite there being no current requirement in the LNF for year 8 pupils to consider anomalies, under the successful futures model the more able and talented pupils could be placed on the progress step which requires them to do so.
[bookmark: _Hlk32432676]It would also be interesting to consider the effect of regular intervention and practice over a longer period of time. In addition, if intervention is regular and graph construction improves to what extent pupils are then able to work independently with more complex data and graph construction. In order to do this a programme whereby pupils received graph intervention regularly over KS3 at set times using the GCSE mark scheme as a success criteria could be implemented and tracked. This would provide support to whether graph construction merely requires practice (Roth & McGinn, 1997) or whether cognition is a limiting factor (Berg & Phillips, 1994).







