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Intro - 200
This document aims to investigate the effect of acronyms, mnemonic devices and kinaesthetic actions on pupil’s recall of graph features in the science classroom.

School Y is an English medium school with a sixth form and has over one thousand two hundred pupils enrolled. 26.2% of pupils are eligible for free school meals (FSM), as of 2017 (mylocalschool, 2017), higher than the national average of 17.5% for secondary schools in Wales (Estyn, 2015).

Over a third of pupils are from the 20% most deprived areas in Wales. The school has a large number of English as an Additional Language (EAL) pupils, around 12%, with most pupils coming from a white British background, and around a quarter coming from other ethnic groups.

Around 23% of pupils have a special educational need, including 4.2% with a statement of special educational needs from the local authority. This is higher than the national averages of 20.1% and 2.4% respectively. The school has a Specialist Teaching Facility (STF) for pupils with moderate learning difficulties funded by the local authority.

I chose to explore this research question as pupils often struggle to recall key things required for a graph. I wanted to find a way to embed requirements in pupils’ long-term memory. Much of my own schooling relied on memory techniques such as acronyms and mnemonics and I wanted to test their effectiveness in this field.

Graphs play a large role in my specialist subject and in numeracy school-wide. Graph construction questions occur in science exams frequently and can be worth enough marks to raise a pupil by a grade boundary. It would greatly improve pupils’ attainment if a successful method could be found to teach this skill in a way that allowed pupils to easily retain, recall, and apply the information in examination scenarios.
Lit review - 2500
Both reading and creating graphs are recognised in the Welsh Government’s Literacy and Numeracy Framework (LNF), which guides teachers in their teaching of numeracy and literacy (Welsh Government, 2014). This shows the importance of graph work in the eyes of the government. The LNF’s expected outcomes are designed to ‘raise the bar’ for pupils’ attainment (National Assembly for Wales, 2013) after their underperformance in PISA testing. The government have also specified the importance of graphs in the national curriculum (Welsh Government, 2013).
The importance of constructing a graph in GCSE examinations cannot be understated. The marks available for graph work in an examination can be enough to boost a pupil by one grade boundary. Inability to construct a graph is a perennial problem in the science classroom that lacks a good solution. Many styles of teaching have been tried (Roth and McGinn, 1997). Mathematics departments do not seem to have the same problems so I believe we should look to them for guidance on how the construction of graphs should be taught.
Studies show that working memory on the whole has a fixed capacity (Rouder, 2008) with recall for numbers of objects decreasing as the number of objects increase. The study does note some irregularities, assumed to be due to intimidation from large arrays to memorise or people working harder on the larger arrays, explaining the outliers. Based on this evidence, I believe it is important for recall of lists of many things for them to be embedded in pupils’ long-term memory through mnemonic devices or other memory techniques (Mastropieri and Struggs, 1998). Pupils often struggle to recall the terms and techniques essential to succeeding in science examinations (Dunlosky, 2013).

A mnemonic is a memory strategy that uses a system such as a pattern of letters, ideas, or associations to aid in the retention and retrieval of information in the human memory (Thorne, 2003). The word mnemonic is derived from the ancient Greek word for mindful (Graybeal and Strickland, 2018) and mnemonics were first utilised by the ancient Greeks (Yates, 1966).  Common examples in use in English today include Roy Of York Gave Battle In Vain, to remember the spectrum of visible light (red, orange, yellow, green, blue, indigo, violet) and “My Very Educated Mother Just Served Us Nachos”, to remember the order of planets In the solar system (Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, Neptune). Mnemonic devices are not limited to sentences however, key words can be memorised through images or vignettes, for example a commonly used mnemonic to remember the family of true frogs (ranidae) is to picture frogs with rain dripping on their heads. It has been noted that students will sometimes give the key word instead of the correct answer, defining ranidae as rain (Mastropieri and Struggs, 1998) but repetition and spacing should help with retention.

Mnemonic devices have proven effective for all students, including those with learning disabilities (Mastropieri and Struggs, 1998) and those with dyslexia in particular (Reid and . It is worth noting that mnemonic devices are only useful tools for recall. Students trained with mnemonic techniques do perform better in comprehension tasks (Mastropieri, Scruggs, and Fulk, 1990; Scruggs, Mastropieri, McLoone, Levin, and Morrison, 1987), but this appears to be due to an increased body of knowledge that can be applied to the scenario, rather than a deeper understanding of the topic. Contrary to the suggestions of some (Kilpatrick, 1985), mnemonic devices do not inhibit comprehension and are particularly useful in scenarios where pupils comprehend the work but do not recall the details, such as pupils being able to read and plot a graph, but unable to remember the key features required to construct the graph. Research has suggested that pupils who have been given the toolkit to devise their own mnemonic devices perform better than students who have not been taught how these skills, performing better than pupils who are allowed to revise in free-study conditions (Mastropieri and Scruggs, 1998). When pupils create their own mnemonics teaching proceeds at a slower pace than when teachers provide the devices, but provision of the mnemonics by teachers appears to reduce the effectiveness of the strategies (Scruggs and Mastropieri, 1992). It is possibly due to this reduced speed of teaching, among other factors, that the use of mnemonics has decreased in classrooms (Putnam, 2015). With the introduction of the new curriculum (Donaldson, 2015) and its focus on skills, and cross-curricular learning, as well as the emphasis on numeracy and literacy the time may soon be ripe for the reintroduction of mnemonics and the teaching of tools pupils can use to construct their own memory devices. Putnam (2015) puts forward the theory that mnemonic training consists of two parts:
1. Committing to memory the components required for the technique
2. Practicing utilising the mnemonic until it can be used independently
Research has suggested that pupils have been able to link mnemonics to previously taught and memorised information in their long term memories (Pillai, 2017), which suggests that the teaching of mnemonics should not adversely affect pupils who have already memorised the material. It is unclear whether mnemonics have a significant impact on examination scores. Gruneberg (1973) showed that the results of his psychology students exams were not affected by whether or not they used mnemonics. Opposed to this is the research of Stalder (2005) who provided acronyms to an introductory psychology class and showed that those students who used acronyms scored higher on questions related to the subjects of the acronyms. Acronyms also showed benefits outside of pure memory retention increase. Stalders’s study showed students reporting that having acronyms listed on a summary sheet aided memory of course content and encouraged earlier starts of revision. A later study by Stalder and Olson (2011) showed that mnemonics can reduce anxiety in pupils before an examination. Fritz et al. (2007) suggest that pupils consider mnemonic devices to be easier, faster, and more enjoyable methods of learning.
Acronyms are memory techniques that take the first letters from a series of words and form a pronounceable word that is more memorable than the list or series of words (Graybeal and Strickland, 2018). Examples found in the science classroom include NASA, LASER, and RADAR. Examples are found throughout the school that explain processes, however. The COP rule and PEE are used in the history and English classrooms respectively and break down how pupils should analyse a source (Content, Origin, Purpose), and how pupils should use quotes (Point, Evidence, Explain). Techniques such as these seem to improve pupils’ skills in completing tasks independently by allowing them to internalise the steps required to complete a task, giving them more confidence (King-Sears et al., 1992). SALUTE as an acronym is comprehensive in what it covers to aid pupils (Scales, Axes, Units, Labels, Title, Explanation) but does suffer from not being something that all pupils will associate with easily. Rafoth (1999) agrees with Scruggs and Mastropieri (1992) that young learners creating their own mnemonics results in more retention as mnemonics generated by others may cause confusion and adds that they may not be easily relatable to the learners or those around them as Rafoth (1999) considers them to be ‘concrete learners’.
The work of Ebbinghaus (1913) suggested that successive teaching and the spacing out of revision increases the effectiveness of learning, with the subject becoming embedded in the pupil’s memory. This research may be flawed because Ebbinghaus experimented only on himself and so it cannot be taken to represent the entire population. He also only experimented with what later came to be termed ‘nonsense syllables’, thus eliminating the bias of prior knowledge on his results, though not entirely. Glaze (1928) improved on this method by assigning association values. This introduces a problem, however, in that pupils learning in a school will have prior knowledge and misconceptions, especially in a field where they are learning abstract concepts, not repeating nonsense syllables. This may make it easier for pupils to remember, or harder if they have to overcome misconceptions and Ebbinghaus’ research cannot be taken as accurate at face value for these reasons.

Glaze (1928) assigning association values began to combat the bias towards syllables that were already part of existing words. For example, acknowledging that PED and KOJ differ in association values as PED is part of the word pedal where KOJ is not a part of any word as familiar or in frequent use. 

One of the findings of Ebbinghaus (1913) supported to this day is the forgetting curve, showing the exponential loss of information that occurs after learning. The greatest decline occurs in the first twenty minutes, with significant decay occurring through the first hour. The decay seems to stop after around twenty-four hours (Brink, 2008). Ebbinghaus (1913) also contributed the learning curve to experimental psychology which describes how quickly information is learned. The first attempt causes the sharpest increase, and less and less new information is remembered with each attempt.

It should be noted that Waite, Blick, and Boltwood (1971) suggested that acronyms did not enhance recall after a delay, and that should be considered, though evidence from Mastropieri and Scruggs (1998) seems to contradict Waite, Blick and Boltwood (1971) This could be due to the sample for Mastropieri and Scruggs focussing on lower ability pupils and those with additional learning needs where Waite, Blick, and Boltwood took a more general sample of the population.

Mnemonic devices could be used as a scaffolding device to aid pupils in translating their understanding of theory to use in the classroom (Bliss and Macrae, 2010). This would aid pupils who struggle in their zone of proximal development (ZPD) (Vygotsky, 1978), defined by Raymond (2000) as the distance between what pupils can achieve individually and the next step in their learning journey where they need competent assistance. Acronyms would seem to be of use here as they have been shown in research to aid pupils of all abilities (Mastropieri and Scruggs, 1998). It should also be noted that scaffolding has been reported to be absent in most lessons (Bliss and Macrae, 2010) so effective scaffolding that is easy to implement such as mnemonics could be useful to all teachers, providing pupils with much needed support.
I have chosen to relate my acronym with a mnemonic image of a person saluting a graph and pupils performing a kinaesthetic action in saluting their graph and the phrase, “Remember to SALUTE your graph”. These mnemonics and actions should help to secure the acronym in pupils’ minds, as using mixed methods of learning, such as auditory and kinaesthetic can aid pupils learning (Coffield, et al., 2004).

Engagement of learners is one of the most important functions of a teacher. The Welsh Assembly Government (2010) have reported that pupils who become disengaged with work through absence, boredom, or inability to participate begin down a spiral where they exhibit bad behaviour, disengagement makes it harder for them to engage, which leads to further bad behaviour and disengagement, and so on leading to less understanding, poor behaviour, and feelings of isolation and exclusion. Building a relationship with pupils, using pupil language and engaging with them on their interests is an excellent way to build their engagement and building in things they care about into a lesson can result in vastly more engagement. Using an acronym with humour has been suggested to improve the effectiveness (Lovorn, 2008).

School Policy and Practice - 500
School Y has a large focus on skills in science with their key stage three (KS3) pupils as once pupils reach key stage four (KS4) they begin learning the GCSE curriculum and school Y has only eight hours a fortnight of science lessons for GCSE pupils. The national average for science lessons is around ten hours and twelve is considered generous. This time is also further cut into by themed “Futures Weeks” that the school uses to implement the recommendations of Donaldson (2015). During these weeks the whole school is taken off timetable, with KS3 pupils taking part in themed weeks where they use skills in a cross curricular fashion to learn about a topic This does provide them with an opportunity to utilise skills learned in one subject in several others and these weeks are engaging to pupils. Recent topics have included forensic science, Pompeii, and survival. KS4 pupils are expected to complete their Welsh Baccalaureate coursework in these weeks. The school conducts these weeks once a term and therefore loses twenty-four teaching hours of science a year for GCSE pupils. Due to these tight constraints on time it is extremely important that KS3 pupils pick up the scientific skills needed for GCSE examinations as much as possible before moving to KS4.

KS3 pupils take part in an investigation after each topic is complete, designing an experiment, conducting the experiment, analysing results, and linking their results to a scenario in everyday life. This helps build up the pupils’ scientific investigation skills and strong formative feedback is given to pupils on how they can improve, with an opportunity presenting itself at the end of the next topic. This is in line with the Welsh Government (2013) that a good assessment policy gives pupils a clear evaluation of their work, and highlights appropriate areas for improvement, along with giving advice on how to do so.

The whole school has a strong focus on developing literacy, numeracy and digital competency through the LNF and digital competency framework (DCF). This leads to pupils creating graphs across all subjects. Pupils do not seem to be able to carry these skills across subjects, however. Maths and science both use graphs differently and teachers of other subjects lack the specialist knowledge to teach and presume students have the skills to craft their own graphs. A school-wide policy on the teaching of graphs could help both pupils and staff, even if graphs contained some extraneous details not absolutely needed for the subject in question.

The current method of teaching graphs within the school involves pupils analysing graphs and creating graphs of their own, which are marked throughout the course of their schooling without clear success criteria.

The school has a very strong culture of sharing learning objectives with the pupils and sharing success criteria of what should happen in a lesson for it to be considered a success and what work should contain to be considered a success. This enables pupils to work towards success (Clark, 2008) and also enables them to see the steps required to improve, setting high expectations and encouraging pupils to reach their potential, particularly when pupils are involved in the creation of the success criteria (Clarke, 2016). Encouraging this clear target-setting in the construction of graphs, rather than relying on repetition to ingrain the key features in a pupil’s brain after the works of Ebbinghaus (1913) would allow pupils to more easily see the steps required to improve their work and would work well alongside the school’s policy of ensuring that pupils know what is necessary to succeed within a lesson.
Methodology and Ethics - 1000
Of primary importance before I began my research was ensuring that my research practice was ethical, not impacting learners or their learning negatively in any way. To this end I consulted the BERA ethical guidelines (BERA, 2011).

I ensured that my intervention would have minimal negative impact on the pupils’ learning by working my intervention lesson into the existing scheme of work, helping pupils gain higher levels in a levelled scientific investigation, and not adversely affecting teaching of the pupils.

Pupils all gave informed consent to take part in the survey, which is defined by Diener and Crandall (1978) as ‘the procedures in which individuals choose whether to participate in an investigation after being informed of facts that would be likely to influence their decisions’. Informed consent requires four distinct constituent parts: 
1. Competence - researchers must make sure that participants are responsible and mature enough to give consent;
2. Voluntarism - researchers must make sure that participants are freely choosing to take part;
3. Full information - researchers must ensure that participants are given all the information, or as much information as possible;
4. Comprehension - researchers must ensure that participants understand the nature of the research project.

While in some cases informed consent is not necessary such as when deceit is beneficial (Frankfort-Nachmias and Nachmias, 1992), there is no reason not to gain informed consent in this research project.

The school has been anonymised in this report to protect the identities of teachers and pupils. Pupils’ data was also anonymised and pupils were given the option to withdraw at any point if they desired. The importance of anonymity and right to withdraw are discussed in the work of Frankfort-Nachmias and Nachmias (1992). Some pupils did exercise this right and their data is therefore not included in my sample. Pupil data was always kept on a password-protected memory stick. The aim of the research was explained to pupils and pupils were asked to explain it back to me in their own words to ensure comprehension. It was explained to pupils that this intervention was a normal part of classroom procedure and they would be expected to take part in the lesson even if they withdrew consent for their data to be used in my sample.

My sample of pupils was chosen from the list of classes I was assigned as they were performing a levelled investigation that required graph work. A KS3 class was chosen as Scientific skills are taught mainly in KS3 in school Y and KS4 students would be adversely affected given the imminence of their examinations and the tight timeframe in which the material was required to be taught. 

Pupils in my sample class were given consent forms and it was ensured that pupils gave fully informed consent before the research began. Pupils assigned themselves numbers by selection from a hat and wrote those numbers on their work. Pupils kept their chosen numbers and were able to return them to me at any point to remove their data from the research. Two pupils withdrew themselves from the study.

My research methodology incorporated a variety of methodologies. Using mixed methodology is particularly appropriate for educational research as it enables me to collect both qualitative and quantitative data so I can discuss attitudes and opinions in the qualitative data and also identify trends and patterns within the quantitative data (Cohen, Manion and Morrison, 2011). This is particularly suitable for my research since the small sample size precludes my findings from definitively giving any certain conclusions or proving nomothetic laws, only being able to provide idiographic analysis conclusively (Castro-Schilo and Ferrer, 2013). This means that while my data can provide a snapshot of my class it cannot be definitively used to predict the results of all pupils exposed to this intervention in the future; I can only report on the experience of myself, my pupils, and the classroom teacher.
My research was conducted from samples of pupils’ work, my own reflections as the researcher, the comments of my mentor, and the anonymously submitted comments of the pupils.

The qualitative data collected over the course of this investigation (my reflections, mentor comments, and pupil feedback) will enable me to examine the emotional and behavioural effects of the strategy including pupil confidence with a technique to aid their memory.

The quantitative data collected over the course of the investigation (mentor’s marking and my own marking of pupils’ work) will give a more concrete result of the pupils’ performances. A simple score out of seven will be given based on the presence of features, not the quality. I decided to have both myself and my mentor mark the work as he has more experience in the area of teaching GCSE science and I wanted to ensure that my marking wasn’t too lenient or too harsh. We did not discuss the marks given for each anonymised pupil and marks were not changed once they had been given. Since the graphs are hand-written this also helps to eliminate bias based on readability or perceived gender differences in submitted work as it has been reported that girls’ work is marked lower than boys’ when not submitted anonymously (Lavy and Sand, 2015).

My research began with an assessment of pupils’ baseline graph skills where they were asked to create a bar graph based on the results of a neutralisation experiment they carried out. This work was assessed by myself and the class mentor and marked out of seven based on whether the pupil had included a scale, axes, labels, units, a title, an explanation, and taken up more than half of the allotted space, all things that students would gain marks for in GCSE examinations. Pupils were not told how well they had performed in this task and no graphs were marked until the intervention and post-intervention graph had been completed. This was decided on to try and eliminate bias and give more comparisons when marking the work as a whole.

An intervention then took place in the next lesson where pupils were taught how to draw a graph step-by-step along with an acronym (SALUTE) and an action (a salute) to help them remember the six key points for drawing a graph (Scale, Axes, Label, Units, Title, Explanation). The kinaesthetic action of the salute was augmented with a video clip of a character from popular videogame Fortnite performing a salute.

I first saw the acronym in use in the maths department of my last professional teaching experience and heard good reports of its efficacy. I did consider another acronym (LUSH) which covers the same material in less detail (Labels, Units, Scale, Heading) but decided not to use this as it left out key constituents of a scientific graph. I also utilised a sing-along video that covers the types of variables pupils would see and how to arrange them on a graph (baibel, 2009).

The pupils were then asked to re-draw their graphs with the new method of remembering the essential features of the graph. My mentor and I then marked the new graphs out of seven. Pupils were asked to submit comments about the acronym and action anonymously via the padlet app on the classroom iPads. This is a familiar form of feedback to the pupils as I use it often with them in lessons.

Pupils were given the same amount of time to complete each graph (15 minutes) to reduce any effect that a change in allotted time could produce.
EAL pupils were given access to their usual iPad translation apps during the research.

Evaluation – 2000
The initial outline for my methodology included my mentor’s marking of pupils’ work, as well as my own. While this was conducted, it is not included in this report for the sake of brevity. Due to the objective nature of the marking criteria, our marking lined up exactly, with no differences in our marking and as such, seems unworthy of analysis.

The results before and after intervention were illuminating as they displayed what pupils were struggling with before and after their intervention.

All pupils (22 out of 22 pupils, 100%) showed increased scores after the intervention compared to the baseline assessment, though uptake of labelling axes x and y leaves something to be desired. This suggests that the techniques worked in improving pupils’ memory of key features of a graph and merits further study. No pupils displayed all the desired elements in their pre-intervention graphs, whereas 7 out of 22 pupils (around 32%) attained full marks post-intervention.

The modal mark pre-intervention was 3 (7 out of 22 pupils, around 32%) and post-intervention, it was 6 (9 out of 22 pupils, around 41%).

These results suggest that the acronym and mnemonics were helpful to pupils in recalling the success criteria for graphs, improving their results as predicted (Mastropieri and Scruggs, 1998; King-Sears et al., 1992).

Displayed below are the results for each of the seven categories assessed in the study before and after intervention, with a brief comment about the results.











Before the intervention, 18 out of 22 pupils used a scale in their graph (around 82%), this increased to 22 out of 22 pupils post intervention (100%). This suggests that the technique was effective in aiding pupil memory for graph scales as it led to 18% more pupils supplying their graphs with scales, and no pupils forgot to include them.


Before the intervention, three students out of 22 labelled their axes as x and y (around 14%). This increased to 11 out of 22 pupils post intervention (50%). This shows a marked improvement (around 36%) but the inclusion of x and y needs to be emphasised more in the intervention. Pupils were told to ‘label’ the x and y axes so it is possible that there is a confusion between this and “Labels”. Students were all placing the variables on the correct axes (independent variable on the x axis and dependent variable on the y axis) so they are exhibiting that they understand which axis is which, but not displaying that information clearly on their graphs. 














Before the intervention, 7 pupils out of the class of 22 used labels on their graph (around 32%)Post-intervention, 20 of the 22 pupils used labels (around 91%). This shows an increase of around 60%. This suggests that pupils were able to include labels but were just forgetting to include the labels. A method of remembering to include them was sufficient to increase the quality of their graph work.

Before the intervention, 7 pupils out of the class of 22 used units for the labels on their graph (around 32%). Post-intervention, 20 of the 22 pupils used units (around 91%). This shows an increase of around 60%. It is worth noting that these figures are exactly the same as those for labels. No pupils attempted to include units without a label and no pupils who included a label forgot units. This suggests that the two are strongly linked in pupils’ minds, and may not need separate letters in the acronym.












Before the intervention, 5 out of 22 pupils included a title for their graph (around 23%). Many of these titles were weak, such as ‘bar graph of antacids’, ‘bar graph of tablets’, ‘bar graph’, and ‘brands’. After the intervention, pupils’ titles were much stronger, almost all in the form of ‘A Graph to Show variable y against variable x’, the correct format for a good graph title. 20 out of 22 pupils used a title post-intervention (around 91%). This increase was the largest out of any of the key features and suggests that pupils either didn’t know or were simply forgetting to put a title on their graph.

Before the intervention, 8 pupils out of 22 included an explanation of their results, a brief sentence describing the relationship between the two variables. This equates to around 36% of pupils including an explanation. After the intervention, 19 of the 22pupils (around 86%) included an explanation, giving an increase in percentage of pupils including an explanation of 50%. Explanations are the feature I would have expected the least number of pupils to include before the intervention as I would not have considered it a key feature of the graph itself, but part of the analysis. Pupils performed well, however. Pre-intervention it was the third most included feature, coming after scale (18 pupils included) and size (15 pupils included).

Before the intervention, size was the second most common feature for pupils to gain a mark in, behind scales, with 15 out of 22 pupils (around 68%) gaining a mark for having data take up at least fifty percent of the available space. After the intervention, 19 out of 22 (around 86%) pupils drew the graph at an acceptable size. This gives an increase of around 18% of pupils giving an explanation with their graph.


Scatterplot of the initial mark scored by pupils undertaking a graph-drawing exercise against the increase in their mark after an intervention (instruction in an acronym to help memorise graph elements). Pearson’s correlation indicates significant (p < 0.001) negative correlation (r = - 0.71), suggesting that pupils who scored lower in the baseline assessment made the greatest improvement post-intervention.

This graph shows that the mnemonic techniques were particularly helpful to those pupils who could not recall the key features of a graph and helped them more than those who were already recalling most of the features. It should be noted that pupil 24, who achieved 0 marks pre-intervention did not improve as well as could be expected from the trend. The class contains learners with EAL, communication difficulties, including language processing, and pupils with moderate to severe learning difficulties, with one pupil being on the autistic spectrum. It has also been noted that pupils with autism spectrum disorder can become confused when introduced to acronyms (SWWCD, n.d.). It therefore seems likely to me that pupil 24 is one of these pupils and either found it hard to remember the correct spelling of the acronym, did not have enough processing time to absorb the information, or was confused and did not grasp the concept as well as other pupils. Other possibilities include pupil 24 severely struggling with numeracy skills, being disengaged, or refusing to do the work.

Negative correlation between initial mark and improvement in mark post-intervention. Shapiro-Wilk tests indicate normal distribution for initial score data (W = 0.96, p = 0.47) and near-normal distribution of mark increase data (W = 0.91, p = 0.045). Further indication of normal distribution for mark increase data was observed by a bell-shaped histogram. Assuming equal variances (F-test, F = 1.58, p = 0.30), Pearson’s correlation indicated significant (t = - 4.48, d.f. = 20, p < 0.001) negative correlation (r = - 0.71) between the initial mark scored by a pupil, and the increase in mark observed post-intervention

[bookmark: _Hlk514011139]Sample size (n = 22). Mean mark for baseline assessment is 2.82 ± 0.31 and mean mark post-intervention is 5.95 ± 0.22. Statistical significance must be tested with a Wilcoxon rank-sum test, as post-intervention data are nonparametric (Shapiro-Wilk test, W = 0.82, p = 0.001) and variances are equal (F-test, F = 1.97, p = 0.13). Wilcoxon rank-sum indicates that the change in mean mark post-intervention is significant (V = 0, p < 0.001).

This data shows a mean increase of 3.13 ± 0.53 in pupils’ test scores. This equates to an increase in marks of around 45% on average, a significant improvement.
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This boxplot shows the change in pupils’ marks achieved in a graph-drawing exercise during baseline testing and after an intervention (instruction in the use of an acronym to remember graph elements). Wilcoxon rank-sum test indicates a significant (p < 0.001) increase in pupils’ performance post-intervention


Excluding pupil 24 from the data set gives a clearer look at the pattern, reflected by the improved R2 value, which assesses the fit of the trend line to the data. Both with and without pupil 24, an exponential trend line fits better with the results (0.5 with linear and 0.5404 with exponential including pupil 24, 0.6333 with linear and 0.6469 with exponential excluding pupil 24). If pupils were all learning equally from the technique, then I would expect the graph to show a linear correlation. The results seem to reflect the findings of Mastropieri and Scruggs (1998), that pupils of lower abilities find mnemonics useful in recall, since those pupils appear to benefit more from the techniques.
Pupil engagement was high during the lesson, with pupils giving comments through Padlet that it was useful to have a set list of things to check against when creating a graph, and giving varying responses with regard to the action of saluting the graph. Some pupils enjoyed the injection of silliness into what can otherwise be a dry topic while other pupils were worried that they would be laughed at or said they would feel embarrassed. One pupil said that they would feel stupid having to use a technique like this and doing a silly action when other pupils could remember everything without needing a ‘crutch’.

On the whole, pupils responded well to the use of a ‘Fortnite’ character saluting, though some girls found the use annoying, with one commenting, “Why did you use Fortnite? That game is for losers”. The boys seemed more engaged on average than the girls with this particular aspect and my mentor commented that the action of saluting could be construed as masculine by some of the girls and reduce their enjoyment of that aspect of the lesson. Engagement was particularly high in pupils who are usually low attainers, though I don’t know how they performed in this task as data is anonymised.

Pupil comments suggested greater confidence in their understanding of the criteria, especially among those pupils who were using the kinaesthetic action to check their work at the end.

Of particular interest to me is the level of engagement pupils responded with to ‘The Variables Song’. Pupils have subsequently asked to sing along with the song whenever they need to construct a graph and pupils can be heard singing to themselves when constructing their graphs. My mentor liked the use of the song so much that it has been incorporated into his teaching of KS3 graphing and the video has been added to the school’s science department shared resources google drive.

The results of introducing these techniques to the pupils has truly surprised me, producing excellent results. When I began the investigation, I expected my results to mirror the ideas of Berliner and Biddle (1995), that techniques may work for some but not for all. However, this generalised technique has worked for everyone in the class.

Conclusions – 1000
The aim of this investigation was to trial the effectiveness of mnemonic devices, acronyms, and a kinaesthetic action on the recall of pupils doing graph work in the science classroom, hoping to improve results, giving pupils greater science skills and the ability to perform better in examinations.

While no evidence has surfaced of pupils using SALUTE in their other lessons they have taken to using it in the science classroom and staff from the mathematics department have asked me about the variables song as pupils are apparently singing it when creating graphs in their maths lessons and teaching it to peers (science lessons are banded and maths lessons are set so pupils have lessons with peers from other classes). It is also possible that pupils are using SALUTE as there would not necessarily be an outward sign of it, especially from those pupils embarrassed by performing the action of saluting their graph.

The techniques showed great effectiveness, increasing the score of every pupil in the class, with all pupils showing progress, an average increase of 3.13 ± 0.53. This equates to an increase in marks of around 45% on average. The techniques were relevant to all pupils within the class. The acronym provided scaffolding, helping pupils reach into their ZPD individually, supporting those who were unclear or uncertain of what a completed graph should contain and needed to recall and apply that information.

This investigation has shown the effectiveness of a simple strategy on improving pupils’ graph work. Pupils said they had more confidence, exhibited greater skill in the drawing of their graphs and had a high level of engagement.

There is a question of whether another acronym would prove better. Some schools use the acronym ‘LUSH’ (Labels, Units, Scales, Headings). I still feel that SALUTE can be used in more contexts and covers more of the key features of a graph. SALUTE can also be applied more broadly, where lush may only be found humorous in Wales and only be associated with grass in other countries, being less relatable to pupils, whereas the salute is a common action found across English-speaking countries and the action and image are inherently silly, utilising humour to stick the concept in pupils’ minds. I believe this aspect of SALUTE greatly increased pupil engagement in the lesson.

The combination of the mnemonic, acronym, and kinaesthetic action seems to have proven extremely effective in enabling pupils to recall the necessary constituents of a graph, proving much more effective than predicted based on literature.

Based on my results, these strategies have the potential to greatly improve the skills of all pupils who use them in the science classroom and I would expect repetition to further ingrain the methods and thus further improve results. In the new curriculum, with its emphasis on skills, these techniques, and the toolkit required for pupils to create their own mnemonics, will definitely find their way into my teaching and be recommended by me to other teachers.


Limitations and Future Development – 800
While this study has provided some results that show promise, the validity of this study is limited for several reasons.

In an effort to anonymise pupils as much as possible, I anonymised them at the start of the study so I cannot discuss the impacts of the techniques specifically on FSM eligible learners, EAL learners, those with communication difficulties, or learning difficulties, this would have given more insight to the benefit of these techniques for pupils from more disadvantaged backgrounds and data on how effective the techniques were for pupils who struggle with language and communication which would have been useful since the technique relies on pupils making associations between words, actions and acronyms. In future, an anonymised questionnaire could be attached to the work so that these factors could be considered in the results or groups of pupils with a specific need could be analysed separately.
The small sample size of this investigation prevents formation of nomothetic laws as data cannot be extrapolated to entire population, meaning that this data can only be considered a snapshot of this class at this time. A study over a longer period of time and including more pupils, classes, and subjects could provide more significant data.

Since pupils were introduced to various inter-linked techniques it is not possible to pin down which technique worked best. Some pupils did not use the kinaesthetic salute as they felt embarrassed or silly and since data is anonymised I cannot track that in results. Future studies should include a questionnaire to determine which techniques the pupils have adopted in their practice.

This investigation was carried out over a short time frame and I would suggest that future studies take place over a longer span of time and examine how spacing effects the memory curve. Mastropieri and Scruggs (1998) suggest that pupils retain mnemonic information over long periods of time without subsequent coaching. It would be illuminating to examine whether repetition over longer periods of time would embed the device more deeply into the memory of pupils.

Since pupils’ comments on the lesson and their work were anonymised separately, connections cannot be drawn between them. Future studies should rectify this by including the comments section in an anonymised questionnaire appended to the work.

The class this experiment was conducted with is a lower middle band class with some behavioural issues and a significant portion with additional learning needs. The class features no identified ‘more able and talented’ pupils so the study cannot be taken to represent the wider school population.

Pupil behaviour and engagement is known to vary throughout the day, and day-to-day based on many factors, such as length of time to or from breaks, pupil hunger levels, social interactions between pupils, day of the week, and school events. To limit the effect of this on future studies, lessons could be timetabled at roughly the same time over a selection of days of the week to provide the effect of an average day at a set time.

In future, this method could be trialled across the whole science department, feedback taken and if results are positive, any alterations necessary could be made and the method expanded to include the mathematics department. After feedback from the mathematics department, if successful, the method could be expanded to be school-wide and used in conjunction with the school’s implementation of the LNF. Laminated copies of graph help-sheets could be provided to every class or made available in a central location for staff to collect them as most subjects outside of maths and science use graphs far less frequently and would not need copies every lesson. This would greatly reduce cost.

For the most reliable results future studies should include a larger number of participant pupils, taken from a range of abilities, with lessons timetabled at approximately the same time of day, with specific details taken of pupils additional learning needs, eligibility for FSM and EAL status.
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Appendix: Pupil data
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Scale after intervention

Scale after	Number of students that remembered	Number of students that didn't	22	0	

Scale before intervention

Scale before	Number of students that remembered	Number of students that didn't	18	4	

Axes after intervention

Scale before	Number of students that remembered	Number of students that didn't	11	11	

Axes before intervention

Scale before	Number of students that remembered	Number of students that didn't	3	19	

Labels after intervention

Scale before	Number of students that remembered	Number of students that didn't	20	2	

Labels before intervention

Scale before	Number of students that remembered	Number of students that didn't	7	15	

Units after intervention

Scale before	Number of students that remembered	Number of students that didn't	20	2	

Units before intervention

Scale before	Number of students that remembered	Number of students that didn't	7	15	

Title after intervention

Scale before	Number of students that remembered	Number of students that didn't	20	2	

Title before intervention

Scale before	Number of students that remembered	Number of students that didn't	5	17	

Explanation before intervention

Scale before	Number of students that remembered	Number of students that didn't	8	14	

Explanation after intervention

Scale before	Number of students that remembered	Number of students that didn't	19	3	

Size before intervention

Scale before	Number of students that remembered	Number of students that didn't	15	7	

Size after intervention

Scale before	Number of students that remembered	Number of students that didn't	19	3	

Increase in percentage against initial score


3	5	3	2	2	4	3	4	6	5	2	2	3	1	1	4	3	2	3	1	3	0	57.142857142857153	28.571428571428569	42.857142857142847	42.857142857142847	28.571428571428569	42.857142857142847	28.57142857142858	28.571428571428569	14.28571428571429	14.285714285714279	57.142857142857139	57.142857142857139	57.142857142857153	57.142857142857153	71.428571428571402	28.571428571428569	57.142857142857153	57.142857142857139	42.857142857142847	71.428571428571402	57.142857142857153	42.857142857142847	Initial score


Increase in percentage



Increase in percentage against initial score excluding outlier


3	5	3	2	2	4	3	4	6	5	2	2	3	1	1	4	3	2	3	1	3	0	57.142857142857153	28.571428571428569	42.857142857142847	42.857142857142847	28.571428571428569	42.857142857142847	28.57142857142858	28.571428571428569	14.28571428571429	14.285714285714279	57.142857142857139	57.142857142857139	57.142857142857153	57.142857142857153	71.428571428571402	28.571428571428569	57.142857142857153	57.142857142857139	42.857142857142847	71.428571428571402	57.142857142857153	Initial score


Increase in percentage
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Pre-intervention markPercentage ScaleAxesLabels Units TitleExplanationSize Comments Post-intervention mark

Pupil 1 3 42.85714286 1 0 0 0 0 1 1Graph plotting and drawing good, missing detail around graph 7

Pupil 2 5 71.42857143 1 1 1 1 1 0 0No explanation and graph too small 7

Pupil 4 3 42.85714286 1 0 0 0 0 1 1Pupil drew line graph with scale but no labels or title 6

Pupil 5 2 28.57142857 1 0 0 0 0 0 1Label given for x axis only 5

Pupil 6 2 28.57142857 1 0 0 0 0 0 1Only x axis labelled, y scale goes much too high, bars do not line up with scale correctly 4

Pupil 7 4 57.14285714 1 0 1 1 0 0 1Axes need to be labelled x and y and a title needs to be given for your graph 7

Pupil 8 3 42.85714286 0 0 0 0 1 1 1Graph is missing several key features, bars are poorly drawn 5

Pupil 9 4 57.14285714 1 0 1 1 0 0 1Graph is missing axes, title and explanation but is well drawn 6

Pupil 11 6 85.71428571 1 1 1 1 0 1 1Missing title but otherwise well crafted graph 7

Pupil 12 5 71.42857143 1 1 1 1 1 0 0Graph is much too small and has no explanation 6

Pupil 13 2 28.57142857 1 0 0 0 0 0 1Graph is large and has a scale but is poorly drawn and contains no information on what it represents 6

Pupil 14 2 28.57142857 1 0 0 0 0 0 1Graph is large enough and has scale but is not drawn well and contains no clues to what is shows 6

Pupil 15 3 42.85714286 1 0 0 0 0 1 1Graph is large and well-drawn with good explanation but need detail 7

Pupil 16 1 14.28571429 0 0 0 0 0 0 1Graph is of appropriate size but is a line graph that doesn’t portray results at all 5

Pupil 17 1 14.28571429 1 0 0 0 0 0 0Graph is of inappropriate size and lacks many key features 6

Pupil 18 4 57.14285714 1 0 1 1 0 1 0Graph is too small, lacks title and x and y 6

Pupil 19 3 42.85714286 1 0 0 0 0 1 1Graph is missing key features 7

Pupil 20 2 28.57142857 0 0 0 0 1 0 1Graph is poorly constructed and missing key features. Large enough and with title, though weak 6

Pupil 21 3 42.85714286 1 0 1 1 0 0 1No title, explanation, or x and y 6

Pupil 22 1 14.28571429 1 0 0 0 0 0 0Graph is poorly constructed and only has a scale. Too small as well 6

Pupil 23 3 42.85714286 1 0 0 0 1 1 0Graph is poorly constructed and too small. Title is weak 7

Pupil 24 0 0 0 0 0 0 0 0 0Bars are drawn on plain lines with no regard for how tall they are. A poor effort 3

2.818181818

Number of students that remembered 18 3 7 7 5 8 15 5.954545455

Number of students that didn't 4 19 15 15 17 14 7
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Percentage Percentage increase Scale Axes Labels Units Title ExplanationSize Comments

100 57.14285714 1 1 1 1 1 1 1Excellent work

100 28.57142857 1 1 1 1 1 1 1Perfect

85.71428571 42.85714286 1 1 1 1 1 0 1No explanation of results

71.42857143 42.85714286 1 0 1 1 1 0 1Excellent graph, label x and y and give an explanation

57.14285714 28.57142857 1 0 0 0 1 1 1No labels or units given. Graph is drawn much better but still not perfect - use a ruler

100 42.85714286 1 1 1 1 1 1 1Perfect

71.42857143 28.57142857 1 0 1 1 1 0 1Good work, vast improvement, need gaps between bars

85.71428571 28.57142857 1 0 1 1 1 1 1Still missing axes but shows improvement

100 14.28571429 1 1 1 1 1 1 1Perfect

85.71428571 14.28571429 1 1 1 1 1 1 0Graph is larger but still not big enough. Needs to be 50% of page. Pupil has done each axis as 50% of page, giving 25% graph

85.71428571 57.14285714 1 0 1 1 1 1 1Great improvement but still missing x and y

85.71428571 57.14285714 1 0 1 1 1 1 1Great improvement but still missing x and y

100 57.14285714 1 1 1 1 1 1 1Perfect

71.42857143 57.14285714 1 0 1 1 1 1 0Graph is a bar graph that represents data but is missing x and y and is too small 

85.71428571 71.42857143 1 0 1 1 1 1 1Much better. Remember x and y

85.71428571 28.57142857 1 1 1 1 1 1 0Graph is still too small but all aspects are present now

100 57.14285714 1 1 1 1 1 1 1Perfect

85.71428571 57.14285714 1 1 1 1 0 1 1Missing an explanation

85.71428571 42.85714286 1 0 1 1 1 1 1Missing x and y

85.71428571 71.42857143 1 0 1 1 1 1 1Great improvement but still missing x and y

100 57.14285714 1 1 1 1 1 1 1Vast impovement, perfect work

42.85714286 42.85714286 1 0 0 0 0 1 1Some effort has been made but scale is off and too many bars have been drawn. EAL?

22 11 20 20 20 19 19

0 11 2 2 2 3 3
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