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Teaching Mathematic Principles in a Scientific Context. 

Introduction

The classroom-based enquiry that provides the focus of this report took place at a mixed-gender, English-medium school that serves the Eastern side of Swansea (hereby known as school x). Pupils at school x range between the ages of 11-16, with approximately 953 pupils currently attending (My Local School, 2019). Of these 953 pupils; 
· 28.3% are entitled to Free School Meals (FSM), which is significantly higher than the national average of 16.6%
· 37.9% of pupils have Additional Learning Needs (ALN), which is also significantly higher than the national average of 25%
· 17% of pupils speak English as an Additional Language (EAL) 

Within school x, the research focused on a Year 9, set 2 class. Of the 28 pupils in the class, 19 were involved in the inquiry group. No pupils withdrew from the research, however the low number involved in the inquiry compared to the number of pupils in the cohort reflects attendance numbers of the class. The 19 pupils involved in the data are the pupils who were present for all lessons; completing the pre-test, intervention and post-test. 
The group involved in the research were made up of 11 male pupils and 8 female; 21% are entitled to FSM, 26.3% have ALN status and 21% are EAL pupils. These pupils have GCSE predicted grades raging from AB-CC (Science Double Award). 

The decision to focus on calculating percentage composition of compounds came following end of topic tests that pupils completed in November 2018. One of the most poorly answered questions was on this topic, with only a median score of 50% of marks achieved. This demonstrated that use of maths in a scientific context was an area that needed to be targeted in order to improve attainment.  






Literature Review

When broadly looking at the concept of teaching mathematic principles in a scientific context, a variety of common themes emerge surrounding the topic. These themes revolve around;
1. Explicity of common language- the differences in definitions of words that can vary between their “everyday” meanings, and their subject specific meanings.
2. Consistency of methods used to teach key concepts- in this case, calculating percentage composition by mass.
3. Collaboration between departments, namely, maths and science.

Explicity in language used in science has shown to be vital, as in some disciplines (e.g. English) individual words that are unknown to a pupil can have their meanings worked out from the context of the passage they sit within, by using self-monitoring (8 Reading Behaviours- an initiative taught through Swansea schools). However, in disciplines such as Science, “every word counts” (M. Adoniou, 2016), and if a single word in a sentence is not understood correctly, or at all, it could mean that the entire statement goes by misunderstood. Due to the importance of knowing subject specific definitions for language, Science and Maths teachers need to ensure that they are explicity teaching pupils the unique differences in key terms in comparison to their ‘everyday’ definitions. An example of this is the word ‘power’; in ‘everyday’ language, ‘power’ can be defined as a person’s influence and ability (i.e. politically) or physical strength. However, in Science, ‘power’ refers to the “rate of doing work, measured in watts” and in Maths as “the product obtained when a number is multiplied by itself a certain number of times” (Oxford Dictionary, 2019). This is just one example of how ‘everyday’ language becomes used in a specialised way, and these changes in definitions are not uncommon to see across a broad spectrum of classrooms and disciplines. However, M. Adoniou (2016) makes a key criticism of the education system, in that teachers “rarely teach” the subject specific language, and therefore expect that “somehow students will automatically become users of discipline language just because they are exposed to it”. Although this statement should be considered with caution, as the author is writing, assumedly, based on experiences of the Australian Education System, and therefore may not be able to be directly applied to the Education System in England and Wales, it should still be taken into consideration. When posing a new concept, or an extension of a known concept, do the pupils in the classroom confidently know what the teacher means when they use subject specific words? Or do they need to have them explicitly taught and defined before the lesson can move on? 
It is not only important for pupils to know the differences in common language, but as stated by R. Boohan (2016), pupils also need to have to ability to recognise the differences as they move between contexts. 
Differences in language does not only occur across subject areas, but within a subject. When looking at methodology for solving a problem, inconsistencies in how to approach a question also vary, and this can be seen in a variety of sources of instruction for how to solve calculating percentage composition of a compound. Help Teaching (2019), does not provide a step-by-step guide, but simply an equation with vocabulary that may not be known to pupils (see Appendix 1). By introducing the term “One Mole”, this could potentially confuse pupils and lead them to completely misunderstand the equation and view it as something they have not seen, as ‘moles’ of a compound/element are not necessarily covered at this stage of their education, as calculating moles falls within higher content of this subject content (WJEC, 2019). If teaching with this calculation, teachers would have to bring in that explicity of teaching the specific vocabulary involved so that pupils understand what is being asked of them. 
Another variation of this method is given by LibreTexts (2017), which provides a more comprehensive way of solving such problems, but again uses different vocabulary, with no clear visual aid of the calculation pupils need to be doing (see Appendix 2). BBC Bitesize (2019) is another site, that pupils turn to regularly during their schooling, that provides another method of how to complete these kinds of calculations. This site provides a very vague method, that requires a lot of prior knowledge from pupils, as well as knowledge of specific terms such as “Ar” and Mr” (see Appendix 3). Again, if pupils were faced with this guidance on their own, they may not know where to start or what to do, which could lead to a negative attitude and lack of resilience for solving the problem. 
The GCSE Chemistry textbook (Hodder Education, 2016, see Appendix 4) gives potentially the most comprehensive method for how to solve these types of questions, but again it uses different language from some of the other available sources, which can pose an issue for pupils, who may learn based off the textbook in the classroom setting, but if they were to complete this style of question for homework (for example) and turned to the internet for guidance, they may come across conflicting instruction. 
These differing instructions pose a issue for pupils, and potentially cause an element of confusion about what the correct way to answer these questions, including what kind of workings they need to show- considering that most of exams require workings in order to obtain marks. R. Boohan (2016) states that it is “unhelpful to have arbitrary differences in approaches”, and therefore does this suggest that one consistent method is needed in order to teach, not only this style of question, but all other questions that require calculations in order to achieve optimum results, and clarity in pupils’ understanding? This consistency can come in the form of using standardised language in instruction, as well as one clear equation for pupils to follow. 
As well as the difference in language, one thing that is evident across the spectrum of instruction, is that it does not include all steps for pupils to complete in order to gain the information needed to put into an equation. Even though the amount of information given can vary, there are a series of steps pupils need to follow, such as counting the amount of atoms to calculate the molecular mass of the compound, which are not given in instructions. A need for a consistent, standardised approach is clearly necessary. 
The most predominant issue with teaching mathematic principles in a scientific context is the need for collaboration between departments. This is a key concept that comes up in almost all literature available. This collaboration doesn’t necessarily need to come in the form of creating schemes of work together in that science is taught constantly within math lessons and vice versa, but in that there is an element of communication between departments.
Communication between departments is vital for knowing things such as, what skills have and haven’t been taught (N. Atkin, 2017). Atkin points out that pupils are not necessarily in the same sets for maths and science, and therefore the range in skills, and the times the skills are taught will vary, which could potentially affect their attainment in subsequent lessons. Atkin reiterates that it “cannot be assumed that they all have the same maths skills”. This is supported by R. Needham (2016), while writing for the Association of Science Education, states that “in science we are expecting high level skills that had not yet been fully covered”. The use of the word “expects” highlights how there is a level of mutual assumption between departments, where there is an expectation that skills have been taught by the time a lesson comes around, yet time is not considered, or other content that (for example) the maths teacher has to deliver within their syllabus. Due to these factors, there appears to be a need for communication and collaboration between departments. This could come in the form of sharing methods of how standard concepts are taught, e.g., what method of multiplication is used, so that there is a clear, standardised approach across the school. This collaboration could even go as far as to create schemes of work together, or have a joint maths and science theme day for pupils, that has shown to be “beneficial to all” (R. Needham, 2016). 
This idea of collaboration is not a new concept, and is something that has been sought after for years. A study by Frykholm & Glasson (2005) found that student teachers felt the need to “seek the advice of experienced teachers” due to the large amount of overlap between the two subject areas. Not only did they identify the need to seek advice, but they also identified the “need to develop appropriate pedagogical strategies” in order to improve their own skills, as a science teacher, of how to effectively teach mathematic concepts. This highlight a clear area that needs to be addressed, that teachers need to have strategies available, and that they’re comfortable with, that cover subject content outside of their area of expertise, as there is such a prominent level of overlap, particularly between maths and science. Although this study is 14 years old, due to the occurrence of common themes in more recent publications, it can be confidently said that this is still a prevalent issue in the field of teaching, and therefore needs to be addressed. 
In recent years, documentation has been put in place to put an emphasis on transferable skills and the links between subjects across the curriculum. In Wales, this comes in the form of the Literacy and Numeracy Framework (LNF) (2014). This framework is used to underpin all teaching in all subject areas, with the notion that all lessons should incorporate transferable literacy and numeracy skills. This being in place is a step in the right direction for teaching maths within science lessons, in that the LNF outlines that pupils in Year 9 (the study group in this research) should be able to "transfer mathematical skills across the curriculum in a variety of contexts”, as well as have the confidence to evaluate approaches to solve complex problems and organise relevant steps to complete a task. These are all principles that pupils should be able to do without issue, yet during the research these skills proved to be hard to access by the pupils, something that will be discussed in a later section of this report. 
The lack of ability to access transferable skills within groups of students shows that there is still a need for communication and collaboration between departments. Is it an issue of pupils have not yet been taught the maths skills that are needed in the science lessons (relating back to what N. Atkin, 2017 recommended) or are they being taught in a different way and therefore pupils are unaware that it is the same skill they need to use? This could suggest that a school-wide, standardised approach would be necessary for teaching such concepts. 
This collaboration could be on the horizon following recommendations put forward by Professor Graham Donaldson in Successful Futures (2015). The report recognises a need for change within the Welsh educational system, and therefore recommends getting rid of typical separated subjects and replacing them with six Areas of Learning and Experience (AoLE), which combine subjects and demonstrate that links can be made between the AoLE’s. Within the newly proposed AoLE’s, 
“Mathematics and numeracy” and “Science and Technology” are still seen separately, however there are more proposed opportunities for collaboration within this new curriculum. The report outlining the proposed curriculum states the need for numeracy across the curriculum, in that it will be “deployed widely”. Donaldson states that “competence in numeracy is essential for independent living and work” and highlights the need to “take opportunities to consolidate learning appropriately”. This new curriculum still uses the LNF, which is a key part of the pedagogy. Donaldson places emphasis upon cross-curricular collaboration, across the AoLE’s, and within these opportunities to practice literacy, numeracy and digital competency skills are key. 
This new curriculum looks to overcome issues such as the lack of consistency, and more need for collaboration. However, due to the open nature of the guidance, which leaves a lot to schools to simply create their own syllabus, it is not clear if schools will be incorporating the expected range of LNF, or just continuing at the same level they are on the current curriculum. It could be suggested that the framework from Successful Futures (2015) needs to be more specific about exactly what level of numeracy needs to be delivered, and recommendations of how this would be done most efficiently in order to achieve the four purposes of Successful Futures. 
This research was developed in order to address if one standardised approach would benefit pupils’ learning and retention, in order to see if recommendations could be put in place around how concepts should be taught effectively.



School Policy and Practice

At school x there is no specific guidance set out within the Department or School Development Plans regarding teaching Mathematic Principles in a Scientific Context, therefore, unwritten practices tend to be followed through the school. The main practice is discussion and collaboration with relevant departments. In this case, the science department consult with the Maths department, where necessary, to discuss how pupils have been taught how to carry out specific calculations, so that there is fluidity to their learning and consistency across the school. This can be viewed as a strength to teaching within the school, as pupils are being taught a consistent method, that can be identified and applied with ease by pupils in any and all future tasks. By having consistent methods in place, the potential confusion of having multiple methods to solve the same problem, and the pupils not knowing what one to select, is avoided. 
Modelling plays a key role in teaching in school x, whereby, teachers are encouraged to show pupils model answers of what is expected of their work. This can come in a variety of forms; ranging from example answers for extended writing tasks, to step by step guidance of how to complete and set out a calculation. The use of modelling, however, must be used with caution, and only once pupils have had the chance to analyse the question in hand and use critical thinking and problem solving (as stated in the 12 Pedagogical Principles by Professor Donaldson in Successful Futures, 2015) to come up with potential ways to gain an answer; rather than relying on modelling to provide answers, and therefore lacking in resilience. 
Practices in place at school x fall in line with the new curriculum put forward by Donaldson (2015), that is due to come into effect in 2020 (Erw, 2017), whereby pupils need to “reinforce and use their numeracy skills in different contexts” as part of cross-curricular numeracy. The use of Mathematic skills in a scientific context also lies within the pedagogical principle of “promoting connections and unity within and between Areas of Learning and Experience” (Principle 8; Good teaching and learning ranges within and across Areas of Learning and Experience, Donaldson 2015). The Areas of Learning and Experience (AoLE), in this instance, are Science and Technology and Mathematics and Numeracy, which will almost always be closely linked across subject matter. 
Cross-curricular skills are set out in the Literacy and Numeracy Framework (Welsh Government, 2014), and cover a range of practices that pupils should be able to access across a variety of subjects, based on the different progression steps. These include, but are not limited to, “transfer mathematical skills across the curriculum in a variety of contexts”, “prioritise and organise the relevant steps needed to complete the task or reach a solution” and “select appropriate mathematics and techniques to use” (Welsh Government, 2014). 






Methodology and Ethics

The first process involved in this type of research is gaining ethical approval, in order to carry out the research safely and appropriately for all involved. Due to the nature of the research and participants involved, there were a variety of restrictions in place. As all participants were under the age of 16, all data had to be kept confidential and anonymised. This was achieved by keeping all data gained within a password-protected document, on an encrypted password-protected memory stick, that was kept within a locked cupboard when not in use. Following completion of the research and analysis of the data, it will be destroyed. 
BERA (British Educational Research Association, 2018) provides a variety of guidelines for Educational Research involving children. The issue of consent is prominent in any research. Participants involved in the research need to be able to give fully informed consent, with the knowledge about their right to withdraw at any point within the research process. During the classroom-based inquiry, pupils were given a full explanation of what the research entailed, the purpose of the research, their rights during the research (the right to withdraw) and given the opportunity to ask any relevant questions. To further officiate this process, all participants were given a consent form to sign in order to officiate the process (see Appendix 5). These consent forms were then stored securely in order to maintain the integrity of anonymity in this study. 
Due to school x being a partnership school, all parents are aware that classroom-based research is carried out throughout the school due to the nature of its relationship with the University. Due to this, when enrolling their children in the school they give permission for their children to be part of any classroom-based inquiry. As this is part of the school procedure, further parental permission was not needed for participants under the age of 16. 
Potential methods for carrying out the research itself cover a broad range, from questionnaires and interviews to full case studies of individual pupils. However, due to ethical restrictions, the options available for this research were limited. The most suitable method for this particular research was a pre-test, intervention, post-test design. This involves providing the study group with a pre-diagnostic test to gain baseline results, following this an intervention lesson is delivered that teaches the pupils how to complete the test, and a final post-intervention test (which is the same as the pre-test) to compare results and draw conclusions. For this research pupils were given a test compiled of questions requiring them to calculate percentage composition of elements within compounds, therefore using mathematic skills within a scientific context. The benefit of this is that quantitative data can be obtained, and therefore validity and reliability can be ensured (R. O’Neill, 2006). However, for true comparisons to be drawn, pupils were given the same questions in both the pre and post-test. While this is beneficial for accurate comparisons to be made, there are some issues involved. The main potential issue is that, due to the short time period (three lessons), pupils may recognise and remember questions and answer them the same as during the pre-test, rather than using the new skills they have been taught. 
A traditional Pre-Test Post-Test design requires three groups of participants that are specifically selected. According to Statistics How To (2019) a “Randomized Control-Group Pretest Posttest Design” is most appropriate. This design requires a control group as well as a “treatment” group in order to gain accurate results. Both groups get the same pre-diagnostic and post-intervention tests, however they differ in that the “treatment” group get delivered the new teaching method, whereas the control group receive the standard practice method. True differences between the groups can be recorded and conclusions can be drawn this way. However, due to restrictions in the availability of participants, this research was limited in the type of sampling that could be used. 
Due to the nature of classroom-based inquiry, samples were selected based upon opportunity. This came from the classes of pupils available. The sample available for this inquiry, based on availability of pupils and how appropriate the content was for the group, was a group of year 9 pupils, aged between 13 and 14, working with Global Target Grades (GTG) of AB-CD. Due to the research being carried out over a three lesson period, it could not be guaranteed that all pupils would attend all three lessons. Consequently, this meant that the final number of participants that completed the entire inquiry was 19. 
Having such a low number of participants and having to use an opportunity sample provides its own reliability issues. Due to the low sample size, it is difficult to be able to generalise results from both tests to a wider community, and to make firm conclusions about the data. Another issue is that due to the nature of the research, in an educational setting, a control group was not able to be used. Ideally, in any research a control group who were tested using standard methods in order to make true comparisons, and therefore make more reliable conclusions. However, due to the research being carried out on pupils that are still in full time education, it could potentially be detrimental to either group, if the opposing results show a better way to teach a method and they have not had the opportunity to learn this way. It could provide pupils with unfair advantages and disadvantages, and therefore, ethically speaking, this could not be done. 



Evaluation

Sequence of Lessons
This classroom based enquiry took place over a series of three consecutive lessons. Using the pre-test, post-test design, lesson one focused on delivering the pre-diagnostic test, lesson two focused on the intervention and teaching of the concept, and lesson 3 focused on the post-intervention test.
The first lesson in the sequence took place upon return to Professional Teaching Experience 1 (PTE1) following the Christmas break and time back at university. It was the first time the class had been taught by myself since December, and took place last lesson on a Friday afternoon; both of these factors combined provided their own teaching challenges. The last lesson of a Friday challenge is a recognised ‘phenomenon’ among teachers, that will give the highest likelihood of behavioural issues, due to fatigue and weekend excitement (Staffroom Stories, 2018), that will always provide challenge. Additionally to this, due to the disruption of having a different teacher once more, and the gap between the last time the class was taught by myself, pupils were testing boundaries of what they could or could not get away with, which therefore provided more behaviour management challenges. Final behavioural issues came from the fact that these Year 9 pupils had just completed their mock exams, and therefore were “fed up” of more testing, which provided a negative atmosphere and attitude towards the pre-diagnostic test, which meant that additional reassurance that this did not affect final grades had to be given to ease pupil anxiety.
Lesson one began with a starter activity (See Appendix 6), that broke down the steps they would need to complete in the test, without explicitly telling pupils that. Each stage was broken down into a “Bronze, Silver or Gold” level- in light with common School Practice. This starter not only engaged pupils but acted to activate prior knowledge. Following the completion of this, pupils were talked through the purpose of this inquiry, and the ethics behind them. Pupils were informed of BERA (2018) guidelines regarding their rights, anonymity and the right to withdraw. Following this, they had a further page of information that they could sign (Appendix 5) so that there was signed consent to use their data available. Pupils were given 25 minutes to complete the test paper (Appendix 7) to the best of their ability, and encouraged that they did not need to stress if they could not complete the questions as this was just to identify what ability they were working at. They were provided with calculators and the necessary Ar numbers (so that periodic tables were not needed), and the questions progressed in difficulty. This lesson concluded with asking how they found the questions, and then information about the upcoming investigation that they would be completing following the research. 
Following marking the pre-diagnostic tests, an effective intervention lesson could be conducted, as I now knew what level the pupils were working at. Again, pupils were given a starter activity in the same format as the one on the pre-diagnostic test (see Appendix 8), in order to activate prior knowledge and get them thinking of what they will need to be doing in the lesson. The main aim of the lesson was to develop a comprehensive method that the pupils could use in all future occasions to solve this style of question, and have confidence in doing so. This aim came from awareness following research that there is not one clear, comprehensive method for solving this style of question (see Appendices 1-4), and those that are available do not include all steps that pupils need to carry out in order to gain the information needed. For example, pupils need to count how many atoms are within a compound in order to calculate the Mr of said compound. This is not mentioned in any instruction found, and may not necessarily be a step pupils automatically consider when tackling this style of question. Due to this, this was a key issue that I wanted to address when carrying out this intervention. Another issue to address was ensuring that pupils were aware of the meaning of certain key terms within the question, primarily; ‘composition’, ‘Mr’ and ‘Ar’. These key terms were clarified before the lesson progressed. 
When developing the method, I did not want pupils to feel that they were just being ‘lectured at’, but that they were involved in the development of the method. To achieve this, the ‘teaching’ part of the intervention had pupils suggesting what needed to be done at what stage, coming to agreements and querying if anything needed to be completed before each stage (for example, if told “you need to calculate the Mr” pupils were questioned what they needed to do the be able to achieve this, i.e. count the atoms). As pupils developed the method (along with guidance on the board- Appendix 9), a worked example was given so that they could apply the method as they went along. Their worksheet itself also had space for them to make note of their method to use for future reference. The main activity of the lesson was a worksheet of percentage composition calculation questions, which progressed in difficulty as they went along. I gave pupils specific guidance regarding showing their workings out, as this was a key area where they were missing marks in not only the pre-diagnostic test, but in previous mock exams that had been marked. The worksheet worked well for getting pupils to practice this style of question, however, time should have been allowed for some form of peer or self-marking. By doing this, pupils would have been able to see how their work is marked and where their marks are coming from. This could have potentially benefitted their scores in the post-intervention test, as they would have had the memory and knowledge of ‘workings out = marks’. This lesson concluded with a white-board plenary activity of ‘quick fire atom counting’, something that a majority struggled with, and therefore needed the extra practice in. By the end of the lesson they were able to count the atoms of compounds with ease, showing effectiveness of the intervention for that aspect at least. 
The final lesson in the sequence was based on completion of the post-intervention test (in line with the experimental design outlined by Statistics How To, 2019). The lesson followed a similar routine of the previous two in the series, in that pupils had an APK style activity, that breaks down the steps into individual questions to answer (see Appendix 10). Following this, pupils had a short 5 minute “revision” period to look over the methods created the previous day and prepare themselves for the final test. The test was made up of the same pre-diagnostic questions, in order for them to be completely comparable, and pupils were given the same resources (calculators, etc), time and conditions to complete the post-intervention tests. Following this, papers were collected and the remainder of the lesson was spent going over the paper as a class, allowing students to answer the questions verbally and show themselves that they now had the ability to answer these questions confidently- even if they did not explicitly realise that this was the purpose of this part of the lesson. Before the test, pupils were reminded of their rights according to BERA (2018) guidelines and that they had the right to withdraw from their data being used. Zero pupils in the test group withdrew from having their information used in this analysis. 

Analysis
The topic in question, of teaching how to calculate percentage composition of elements in compounds, was decided initially due to poor results of this style of question in the pupil’s November ‘end of topic test’. During this test, with the participants, the median score achieved was 50% of marks available. Only two out of the 19 pupils achieved the full 4 marks, and four of the 19 pupils achieved zero marks, or failed to attempt the question. Due to this, it was understood that the pupils needed further teaching of this topic, as it was clearly a weak area for the majority of them. 
During the pre-diagnostic test, the mean score achieved was 3.68 out of 20 (18.26%)- see Appendix 11. Five participants achieved zero marks, or made no attempt to answer the questions, which can be attributed to either a potential lack of resilience, or a lack of knowledge about how to tackle the style of question. However, it would most likely be the latter argument, as the highest scoring pupils achieved 8/20 (40%), which is a considerably low score considering the ability of the class, and only two pupils achieved this. The pupils that achieved the highest scores were pupil i; who had achieved full marks in the mock question of this style. Within the test they achieved one mark for each question from 1a to 3a, and a further 3 marks for question 4. Pupil k also achieved 8 marks across the test, after only achieving 2/4 in the mock question, for questions 1 and 2 they achieved 3/4 for both and one mark for questions 3a and 4b. Both of these highly scoring pupils did not achieve any marks for question 5.
All questions were designed to be a two-part question, with the first part (part a) worth one mark, and required pupils to count the amount of atoms in the compound. Only four pupils out of 19 were able to achieve all marks available for the part a questions, five could not answer 5a (a higher challenge question involving brackets), even though they could answer the previous part a questions, meaning that 15 out of 19 pupils could not complete this question. 
Question 5 was set as a higher challenge question, and during the pre-diagnostic test, none of the participants were able to achieve full marks (4 marks available over part a and b), with only four out of 19 achieving 2 out of 3 marks for Question 5b. Only five pupils achieved marks for any of the part b questions available, that involved calculating the relative molecular mass of the compound, and then the percentage composition of element x in that compound. 
Following intervention, there is a clear contrast in improved ability to answer this style of question. See Appendices 11 and 12 for the spreadsheet of results for the pre-diagnostic test and post-intervention test respectively. The mean score for the test increased to 13.37 marks out of 20 (66.84%), an average improvement of 9.69 marks. The lowest score obtained was by pupil q, who only achieved two out of 20 marks, however, this was still a 10% improvement from the previous mark of 0 out of 20. The highest scores obtained for the post-intervention test were full marks for 4 pupils out of 19. Of these, two pupils (pupils h and o) had 100% improvement from the pre-diagnostic test- going from 0 marks to 20 following intervention. Of the others who achieved full marks, pupil i (one of the highest scoring from the pre-diagnostic test) improved by 60%- going from 8/20 to 20/20- and pupil m improved by 70%- going from 4/20 to 20/20. Another considerable improvement came from pupil s, who achieved 19/20, improving by 70%. 
Only four pupils achieved between 2 and 9 marks at the lower end of the scale, but each of these had their own respective improvements (see Appendix 13 for full pupil analysis). The only pupil who had no change in attainment was pupil d, who achieved 5/20 (25%) in both tests. Zero pupils achieved a lower grade. 
Improvement across the study group ranged from 10%-100%, with mean improvement at 47.89%. Only four pupils improved by 20% or less, and therefore it can be concluded that all other pupils made considerable improvement (when considerable is equal to an improvement of 20% or more). 
Only 7 pupils could no access question 5 (the challenge question), however 10 out of the 19 participants achieved full marks- meaning the remaining two were able to achieve some of the marks available. 
This post-intervention data demonstrates a clear improvement of attainment across the participants, and validity of this improvement will be explored further within the conclusions section of this report. 



Conclusions, Limitations and Future Development

Following data analysis of the test results obtained from the participants of this research, it can be stated with a good degree of confidence that the intervention was ultimately a success, with 94.7% of pupils making some improvement, and zero pupils deteriorating. Of the 19 pupils that participated in the research, 15 of those attained 50% or higher in the post-intervention test, a clear improvement considering the pre-diagnostic test provided the highest marks of 40% for only two pupils. 
Following completion of the post-intervention test, the remainder of the lesson was spent asking the pupils to answer the questions as a class. Through this, observations could be made regarding pupil retention. Almost all pupils contributed to the discussions and provided verbal feedback and answers of how to tackle the question. While doing this, pupils were clearly following the distinct steps that had been produced as part of the method in the intervention session. Pupils displayed a clear growth in confidence of applying maths skills to a scientific question, which was demonstrated by their ability to answer the questions as a group, working collaboratively. This observation of how the pupils worked to answer the questions as a group showed a clear understanding of the concept, and therefore it could be suggested that discrepancies in pupils who did not attain as highly as others, for example, those who achieved between 50%-60%, could be down to calculator error. This potential error could pose a new area of investigation, in that are pupils confident using calculators for solving this style of question? Do pupils get the support and teaching they need to use scientific calculators, or do they need more time dedicated within the curriculum to teach these skills? 
Collaboration was seen throughout this enquiry, in that it was ensured that the concept of teaching how to calculate a percentage followed the same procedure as the maths department would teach it, so that there is not another skill being taught to the pupils, for the same result, that could ultimately lead to confusion. 
Collaboration between departments was not the only necessary collaboration to be carried out, but collaboration between the students was vital for their learning to be effective. Following Donaldson’s (2015) pedagogical principles, “good teaching and learning encourages collaboration”, which is underpinned further by Hattie (2009) stating that “cooperative learning is effective”. When pupils are involved in their learning, such as developing a method in order to solve a problem, they (in theory) become more motivated, are able to develop their problem solving skills that can then be transferred across school life and into adult life, and ultimately their achievement benefits from this. The importance of collaboration between pupils and teachers is paramount, which is why their involvement in the intervention lesson was key to their improved attainment. This concept does not only help improve attainment, but it can also have a knock on effect in the classroom, as if collaboration is present, and pupils are involved in their learning, pupil-teacher relationships can be built, and the potential for behavioural issues can be reduced. 

Limitations
Even though this enquiry produced significant data to suggest that the intervention was a success, these conclusions must be taken with an element of caution due to the vast limitations of the research itself. 
The research was undertaken with 19 13-14 year old participants, all from the same school, in the same class. The sample of participants was selected solely based on availability and access, therefore there was not much selection involved. 
The sample size itself is an issue, due to the small size. For any reliable conclusions to be drawn, there needed to be much more data collected from a wider selection of participants. The sample size itself decreased from the initial amount of pupils in the class, however, not all pupils attended all three sessions and therefore any data obtained from them could not be included in the final results. It can be estimated that around 6 participants were lost through this. 
The sample group itself is very Ethnocentric, as it only focuses on a group that reflects the local community that surrounds the school in Swansea. There is no way to determine of cultural differences in other parts of the county, country or nation could play a role in the attainment of these pupils. As well as this, there is an element of androcentricity within the study group as there were more male participants than female; with 81% of males achieving 50% or more, while only 75% of females attained this same level. However, due to the low sample number, there is no way to draw any gender-based conclusions about attainment. 
The sample itself coming from just one class of pupils provides further limitations, as they all came from a year 9, set 2 class, where the global target grades ranged from AB to CD. Due to the fact that there was not much range in the ability of participants, it cannot be concluded that the same improvement of attainment when teaching through this method would be seen with higher or lower ability pupils. Additionally, due to the ability of this sample set, they would have had some previous experience and knowledge of how to answer this style of question. Therefore it could be suggested that in order to get true results that are reflective of the effect of the intervention,  participants who have never come across this style of question should be used to improve validity. The nature of the class also poses its own issues, in that due to the potential for behavioural issues, it will always be questioned if they were working to the best of their ability?
Another limitation comes from the design of the study, involving the pre-diagnostic test, intervention and post-intervention test. Firstly, due to sample and ethical restrictions, the design had to be adapted, and therefore did not include control groups as suggested by Statistics How To (2019). Another additional issue is the application of using this method in a real life school setting. Due to time constrictions for delivering the curriculum, teachers do not have the time to be able to do a pre-diagnostic test to assess learners, followed by an intervention and then a post-intervention test to assess attainment. Therefore, the full design of the research could not become standard common practice across schools. 
There are a variety of things that could be done in order to gain more reliable and valid results. One thing that could be done is to carry out research on a much larger sample size, for example across all pupils in year 9. This would combat the limitation of having such a small sample size. In order to have a true reflection of if the intervention procedure has worked, in an ideal situation, control groups that mirror the study groups would be in place in order to make meaningful comparisons. However, due to the nature of the study, in that it takes place in an educational setting, it cannot be ethically approved due to the fact that you cannot leave any child in a disadvantaged position when it comes to their learning. 
In order to address the issue of potential ethnocentricity, the research could be carried out across a variety of schools across England and Wales. However, if there are a variety of schools carrying out the research, using a variety of teachers, it cannot be guaranteed that all teachers will teach the intervention in exactly the same way, and once more the potential for drawing meaningful conclusions could be called into question. 
Validity of the teaching itself could be tested by following the same basic structure of collaborating with pupils to develop a method, but developing one for different mathematical principles in science, such as calculating energy efficiency or speed/distance/time, for example. 
Ethical restrictions meant that there was limitations in the methodology that could be used for the enquiry. However, if approvable, plenty of complementary methods could be implemented to gain a more holistic view of the results, but also the attitude changed towards the content from the point of view of the participants. This could be done through things such as interviews and questionnaires at the beginning and end of the research to identify if the intervention process worked to change attitudes and boost confidence. Case studies that look more in depth at individuals within the group could also be beneficial to the study. 
While some collaboration already occurred in ensuring that the pupils were using the same method for calculating a percentage, further data sharing could have and should have occurred. This being looking at the maths sets the pupils were in, as they may not have necessarily been in the same set, and discussing with their individual teachers what skills they had been taught. Another way of doing this is having a basic skill scheme of work, that can be shared school-wide to show what basic skills are to be taught at what times. This way, the issue highlighted by N. Atkin (2017) that pupils are expected to know maths skills that they may not have been taught yet, can be avoided. 

Recommendations and Future Classroom Enquiry
Following this research, there are plenty areas in which schools can build upon their teaching methods, and this change is due to come more prominently once the new curriculum for Wales by Donaldson is fully implemented, but until then, there are still teachers can do to ensure that their pupils are getting the best out of their pupils. 
One thing that has become clear, is the need for one key, clear consistent approach for teaching key mathematical concepts in science. As R. Boohan (2016) states, it is “unhelpful to have arbitrary differences in approaches”, and therefore a consistent approach is the most beneficial for pupils and teachers alike. 
These differences can be avoided by having cross-departmental collaboration, not just between Science and Maths, but across all departments within a school, so that they are working as a whole team, not separated branches. This collaboration is particularly important between the core subjects- Maths, English and Science- especially since Literacy and Numeracy should be applied in all school subjects and activities as vital skills. 
As stated above, this collaboration can come in the form of communication about what pupils are in which sets, and where they are on a basic skills scheme of work, so that all teachers are aware of the skills pupils possess, which will ultimately streamline future learning. 
End of Topic tests are commonly used in schools, which is what motivated this research following the low results for the percentage composition style questions, however it can be questioned whether this is a suitable method for assessing pupil understanding. This is questioned due to the gaps between learning a concept and then the test on it. It could be suggested that a more suitable method is a mini ‘end of concept’ test, where pupils have a couple questions to answer in a closed-book, exam-conditions style, that would take no longer than 15 minutes to complete. This, working alongside end of topic tests, would provide another opportunity for practice for pupils. This could also work in conjunction with ‘space-learning’ lessons, where fortnightly or monthly, a concept covered previously has the focus of the lesson once more, but this would not be ‘taught’, but ‘revised’. 

Going forward from this research, I can accept that there would never be the realistic time in the classroom setting to continuously carry out the pre-test, post-test design, let alone having the class time, but also the marking time. However, moving forward, aspects from this enquiry can be used to aid teaching and assess attainment. 
This can range from ensuring that common language is always explicitly taught to pupils so that they know the context of the language when they are in Science lessons, to collaborating with departments outside of Science to ensure consistency is key and in the forefront of everyone’s mind. 
The most prominent, and important concept however, is collaborating with the pupils so they can take control of their learning. By doing this, it will this help build relationships with pupils, encourage independence, and improve critical thinking and problem solving skills that pupils can transfer to later life.
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Percent Composition By Mass

Introduction: Percent composition by mass refers to the percentage by
mass of an element that exists in a compound. Percent composition by mass.
is an important concept in chemistry, because it helps us to understand and
visualize the mass of atoms of elements in nature. Percent composition by
mass is used in many applications relating to industry, pharmacy, and
construction. The formula for percent composition by mass is written as
follows:

- Mass of Element X
Percent Composition By Mass of Element X = Lot i e x 100 %
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Percent Composition

Percent composition is very simple. Percent composition tells you by mass what percent of each
element is present in a compound. A chemical compound s the combination of two or more elements.
If you are studying a chemical compound, you may want to find the percent composition of a certain
element within that chemical compound. The equation for percent composition is (mass of
element/molecular mass) x 100.

STEPS TO CALCULATING THE PERCENT COMPOSITION OF THE ELEMENTS
IN AN COMPOUND

1. Find the molar mass of all the elements in the compound in grams per mole.
2. Find the molecular mass of the entire compound.

3. Divide the component's molar mass by the entire molecular mass.

4. Youwill now have a number between 0 and 1. Multiply it by 100% to get percent composition.
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Percentage composition of compounds

Having worked out the M, of a compound, the
percentage of that compound that is made from a
particular element can now be worked out. This is done
using the M, of the compound and the A, of the element
we are interested in.

% mass = (Total A, of the element + M, of the
compound) x 100
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Calculating percentage composition of compounds.

We can use relative atomic masses to calculate the percentage (by
mass) of different elements in a compound.

The relati\{e atomic mass of carbon is 12 and that of oxygen is
16. The relative molecular mass of carbon dioxide (CO,)is44. The

percentage composition (by mass) of carbon and oxygen in carbon
dioxide is calculated by:

total relative mass of carbon in the molecule

% 100

| Percentage of carbon in CO, =
_ relative molecular mass of carbon dioxide

12

=—x100=27.3%
44

total relative mass of oxygen in the molecule

% 100

Percentage of oxygen in CO, =

relative molecular mass of carbon dioxide

32
=—x100=72.7%
44
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Starter

Bronze: How many atoms make up the formula of water, H,0?

Silver: If Ar(H) = 1 and Ar(O) = 16, What is the Mr of Water, H,0?

Gold: What is the percentage by mass of Oxygen (O) in water,
H,0?
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Starter

Bronze: How many atoms make up the formula of Sodium
Hypochlorite, NaCIO?
3 atoms

Silver: If Ar(Na)=23, Ar(CI)=35.5 and Ar(0)=16, What s the Mr of

Sodium Hypochlorite, NaCIO?
Mr (NaCIO) = 23 + 35,5 + 16 = 74.5

Gold: What s the percentage by mass of Oxygen (O) in Sodium
Hypochlorite, NaCIO?
7= 2100 = 21.5%
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Starter

Bronze: How many atoms make up the formula of Sodium
Hydroxide, NaOH?
3 atoms

Silver: If Ar(H)=1, Ar(0)=16 and Ar(Na)=23, What is the Mr of

Sodium Hydroxide, NaOH?
1+16+23 =40 Mr(NaOH) = 40

Gold: What is the percentage by mass of Oxygen (O) in Sodium
Hydroxide, NaOH?
222100 = 40%
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