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ECSP7002 – Curriculum Development and Enhancement

Introduction
	The school that I conducted my research in is an English-medium comprehensive school located in west Swansea with an approximate pupil count of 1,105 pupils. (Estyn, 2017) The school is rated through the Welsh school categorisation system as “Green 1A” as of 2017, which is the highest available score that a school can achieve in this system. (Welsh government, 2018) My research question was: Can a simplistic planning method improve the score that pupils achieve in the method writing and fair test metrics of assessed pieces of scientific investigations? These scientific investigations are split up into many sub-sections, the two that my research focusses on are: “Method writing” and “Fair test” (see appendix 1) The class that I chose to perform my research with was a mixed ability year 7 class that I had been teaching since a few weeks after the start of my first placement. There is a heavy element of literacy skills throughout these investigations, that’s why I have chosen this area of research; as there is need for the improvement of scientific literacy skills of pupils across all of wales. This can be seen from the recent PISA studies, which show that even though the UK as a whole is slightly above the Organization for Economic Cooperation and Development (OECD) 2015 average, Wales falls below this average. In science and reading Wales scored 485 and 477 respectively, both of which are at least 20 points behind the UK averages. (OECD, 2015) Seeing as though the scientific investigations that pupils must complete perfectly marry science skills with literacy skills, I took the opportunity to try to implement a method to simplify and improve pupils scientific writing.

Literature review
	There is plenty of literature detailing ways in which pupil’s literacy skills can be improved. Some of this literature suggests that one of the key elements for improving pupil’s literacy skills is incorporating various aspects of literacy throughout the school’s curriculum. This can be achieved by including literacy-based tasks in lessons from all subjects; which allows literacy to be taught in many different contexts and by many different educators, each with their own style of teaching. (Ehren, 2010) The advantage of having different educators implement these literacy skills in their lessons is that not everyone learns in the same way, so having different styles of teaching will make it more likely that pupils will retain the literacy skills. The only issue with this in the context of science education are the misconceptions held by many science teachers, who consider reading and writing as basic skills taught in primary school and in English lessons. (Pearson et al., 2010) These teachers do not take into account the almost foreign (at least to some pupils) language that scientific literature is written in, and how it must be interpreted for pupils to understand it. Taking this into account, it is undeniable that the role of the teacher in promoting good use of literacy in the classroom is essential. However, it seems that this is not as simple as it sounds; as teachers in the UK know how important their role in promoting good literacy is but are not certain how they can accomplish this. (Lewis & Wray, 1999) However, study has shown that by providing appropriate professional development for science teachers in integrating literacy into their lessons, pupils literacy and reading comprehension can be improved, not only in science lessons; but also across the curriculum as well. (Greenleaf et al., 2011) On the other hand, this is the sort of problem that could be “nipped in the bud” at an earlier stage, i.e. during teacher training programmes. For example, countries like Finland and Korea (both countries that rank highly in the Programme for International Student Assessment (PISA) tests for both reading and science) which both have teacher education programmes that recognise the importance of literacy throughout education. (Kim et al., 2003) However, it seems that universities in the UK that offer teacher training programmes are not consistent between each other on how to deliver language in science as the essential element that it is. (Yore et al., 2003) The important role that language plays in scientific literacy is easier to comprehend when viewed through the eyes of pupils that speak English as a second language; such as pupils with Welsh as a first language. As the promotion of not only reading and writing, but also talking during scientific activities can improve the literacy skills of the pupils taking part, for both English native speakers and pupils with English as a second language. (Webb, 2010)
The general consensus is that it be stressed to teachers and pupils the important role that literacy, especially language, plays in the quality of scientific teaching and learning; the problem lies in how to successfully accomplish this task. Whether it will take changing how we train teachers or providing continuous professional development, or perhaps even both to varying degrees. All that can be said for sure is that something must be done to show science teachers (and teachers of other subjects too) that language in an integral part of how teaching and learning is accomplished. (Yore & Treagust, 2006) More specifically, it must be shown how elements of literacy already permeate throughout the science curriculum, such as the scientific investigations that pupils are required to complete during Key Stage 3 and Key Stage 4 learning. As good use of literacy skills such as language runs through every aspect of scientific investigations, from initial research to writing up the conclusion and evaluating. (Wellington & Osborne, 2001) One such way in which this has been attempted was by giving a scientific literacy task (reviewing and evaluating news reports on scientific topics) to student teachers. This activity helped the student teachers to view these news stories in a different light, they were able to more effectively comment on elements such as bias and portrayal of scientists. They suggested that this task would benefit them when teaching their own pupils in the future; to help pupils to access the skills required to critically assess writing in a scientific sense. (Elliott, 2006) Whilst there is no evidence in this paper to suggest whether pupils will benefit from this type of task, it is constructive to see how the issue of scientific literacy skills is being tackled by including its importance in the training of the next generation of teachers.
In this day and age, the way that information is presented to us, especially on the many formats contained on the internet, there needs to more focus on how to properly gather information as the ability to critically think, read and write is essential for the economic efficiency of a society. (Anagün, 2008) Thankfully, with pupils being required to complete scientific investigations throughout their science education in secondary school, pupils are being taught how to properly gather information from sources such as the internet. This is achieved by teaching pupils to be critical of what they read and where they read from, to make judgements on the accuracy and reliability of the information that they gather. However, this only goes on within the science lessons and does not seem to be transferred to life outside the classroom. It has been suggested that education into scientific skills must start at an earlier age in order for pupils to retain these skills and use them in later life. (Tatar, 2006) Starting education about scientific literacy at the primary school level has been shown to improve pupils knowledge and understanding of scientific topics compared to pupils who tackled the same topics using techniques not focusing on scientific literacy. (Gucluer & Kesercioglu, 2012) However, this study cannot tell us whether or not these pupils will retain these key skills for use in later life, or whether continuous exposure to scientific education through stressing the importance of scientific literacy will have positive consequences on these pupils future education, and consequently their lives after schooling. On the other hand, one technique has been shown to enhance science learning in the primary school setting, even well after the study was conducted. (Murphy & Beggs, 2006) This involved using a co-teaching approach when delivering science lessons, which in turn has seemed to help pupils overcome some of the barriers to scientific learning (such as lack of interest, or gender differences) just because the teachers involved were able to both build better relationships with the pupils; and create a more effective learning environment. In this study, the teachers involved were student teachers which links back to a previous point; that for the problems surrounding literacy in science to be tackled effectively, it is important to better educate the teachers that will be delivering it. As they are the next generation that will teach further generations of pupils to come.
One reoccurring theme when reading into scientific literacy is the concept of self-regulated learning and the parallels that exist between it and the scientific method. Self-regulated learning refers to the way that we can understand and control our learning environments, in other words teaching pupils how to learn rather than just giving them the information they need to learn (Schunk, 1996) Self-regulated learning is divided into three components (each of which can be further divided more subcategories, however, this paper will not dive too deep into this topic) being cognition, metacognition, and motivation. Cognition involves the requisite skills to encode, memorise, and finally recall information. Metacognition involves the pupil’s ability to both comprehend and keep track of their own cognitive processes. Lastly, motivation, which entails the attitudes and perspectives that affect the use and growth of both the cognitive and metacognitive elements. Each component of self-regulated learning is essential for the attainment of truly successful levels of self-regulation, for example, individuals who are able to utilise both cognition and metacognition but fail to find motivation will be surpassed by those who utilise both skills and are motivated to use them. (Zimmerman, 2000) One such way in which self-regulated learning is incorporated into teaching and learning in science lessons is the use of inquiry-based learning. This involves the scientific process of proposing a hypothesis and testing it using a systematic approach. Most pupils get to experience this type of learning during the scientific investigation part of the curriculum during their science education, however, there is still need for improvement in pupil’s scientific literacy skills. One possible cause for this need for improvement could lie with a lack, or misdirected, motivation towards succeeding in science learning. Study shows that inquiry-based teaching can be improved by providing student science teachers themselves with better experiences in learning though the use of the scientific method. As these experiences can then trickle down to the pupils taught by these teachers, giving a more rounded provision for inquiry-based investigative learning to pupils and thus increasing pupil’s motivation to succeed. (Windschitl, 2003) This provides further food for thought on the need for more specific teacher training activities that could be the key to improving the scientific literacy skills of pupils in future generations. On the other hand, there is evidence that pupils’ questions play an important role in keeping them motivated to excel at science learning. (Chin & Brown, 2002) This is further explored by a similar study that details how pupils’ questions in science learning not only increase their motivation, but also improves other aspects of their learning. One such aspect is the increased drive for knowledge construction and improved direction of their learning. Another way in which learning is improved is the increase in discussion and debate in the classroom, which in itself is an aspect of scientific literacy that is rarely touched upon. Finally, there is the improvement in pupil’s ability to self-evaluate and monitor their understanding, which links back to the overall improvement of self-regulated learning. (Chin & Osborne, 2008) Overall, it is apparent that improving pupil’s motivation in science lessons will be effective in improving their ability to learn, and in turn improve their learning in general. The only obstacle is in finding a method(s) to achieve this goal as there are different approached being considered. 
As mentioned previously, pupil’s motivation is affected by their beliefs and perceptions when it comes to their learning. For example, how confident a pupil feels in being capable to complete a goal, or self-efficacy. When pupils reach a point of struggle in their learning it is important for them to believe that they can succeed in order for them to do so. This is doubly important for pupils of primary school ages, as it has been shown that these pupils lose both their interest and their confidence in science education as they get older. (Pell & Jarvis, 2001) On the other end of the learning spectrum, at undergraduate level, study has shown that through the use of inquiry-based research-style practice; the students not only gained confidence but also improved on their scientific literacy skills. It also taught the students about how challenging the work of real scientists is, and the problems they face when carrying out research. (Gormally et al., 2009) It is possible that the future for secondary education could lie somewhere in between these two studies, by bringing a more realistic investigation project to pupils in the secondary school age range. Allowing pupils to develop scientific skills, including scientific literacy, whilst investigating an area of their own choosing. This could be done in an American “high school science fair project” style fashion, wherein pupils get to pick a reasonable topic and conduct an investigation on it. The only differences I would suggest is to use the marking metrics that we currently use on the fixed investigations that pupils perform in school, and for pupils to work in small groups. This idea also falls into line with what Donaldson proposed for the new Welsh curriculum, as it would encourage pupils to be “capable learners”, “creative contributors”, “confident individuals”, and “informed citizens”. (Donaldson, 2015) This style of investigation could not only help to boost the confidence and motivation of pupils, but also greatly improve their scientific literacy as their learning would become more effective through improved self-regulation. (Windschitl, 2003) It is also important to consider how the learning environment of the classroom can affect pupils’ attitude and perception of learning, which affects their motivation, ultimately affecting their learning. This links back to self-efficacy, as it has been suggested that by focussing on pupils’ self-efficacy, we can change how pupils perceive their learning environments. (Lorsbach & Jinks, 1999) Slightly more recent study agrees with this, as they found that pupils’ academic self-efficacy positively correlated with their perception of their learning environment. (Dorman, 2001) On the other hand, there is study to suggest that there are other ways of improving pupils’ perception of their learning environments that are more effective than trying to improve academic self-efficacy alone. One such study shows how by introducing games (designed academically) into classroom teaching, pupils reported not only being in a more desirable learning environment, but also greater academic efficacy and a greater enjoyment of the subject material. (Afari et al., 2013) This also relates to improving pupils’ motivation, which is starting to become an important reoccurring theme in improving pupils’ learning in science-based subjects. The learning environment does not only affect the pupils, it also plays a role in changing the teacher’s attitude towards both teaching and learning. (McRobbie & Thomas, 2000) Perhaps the same standard of improving self-efficacy in pupils’ can be applied to teachers to improve their teaching environment. This can be seen as somewhat true when considering student teachers as it has been suggested that student teachers with lower self-efficacy were more likely to believe in facts about science that were simply untrue, which could be considered a huge boundary for creating a positive learning environment for the pupils. (Schoon & Boone, 1998) To close this gap between teachers with low self-efficacy and ones with higher self-efficacy, one study suggests pairing these two groups together as it had inferred that cooperative teaching experiences between these two groups had positively impacted their science teaching efficacy. (Cannon & Scharmann, 1996) However, it has also been suggested that student teachers with greater access to higher quality instructional methods also increased their self-efficacy. Although this was paired with need for more teacher preparation and professional development. (Ramey-Gassert et al., 1996) These points link back to the previous suggestions that pupils’ learning can be improved by tackling issues in teaching as early as possible, ideally in the teacher training phase. However, the learning environment created in the classroom is only one aspect of teaching that can alter pupils’ beliefs. All of the proposed methods for improving pupil’s scientific literacy so far have focussed on the scientific aspect, using science to improve scientific literacy. However, a different approach involving using more literacy-based tasks has been shown to help pupils engage with the more literacy-heavy side of science. This approach was to get pupils to complete a science writing task that combined story writing with scientific information. (Ritchie et al., 2011) The results suggested that this story-telling method to improving scientific literacy helped pupils to connect with the content and gave them a greater interest in science. Because every pupil is different, it will take many different approaches to properly motivate all pupils.
To conclude, the reading suggests that there are many different avenues available to help pupils to improve their scientific literacy skills. Such as the important role that pupil motivation plays in effective learning, or how pupils’ perceptions of their learning abilities can change their learning environments and in turn improve their learning. However, there is an argument to be made concerning the role of the teacher in improving pupil learning to help improve scientific literacy skills in pupils. As there is evidence to suggest that tackling the problem of scientific literacy would be more effective if the interventions were aimed at teachers themselves. more specifically, at student teachers as they will have the backing of academic staff and would be more open to making changes in a system that they have not yet been part of for very long.

School policy and practice
The documents regarding development plans, policies, and self-evaluation from my PTE1 school agree that literacy skills in the context of science are very important. Firstly, there is the school’s science departmental self-evaluation plan (See appendix 2) which details how the department is already making provision for the improvement of literacy skills in the context of science learning. The self-evaluation metric is in the same style as the Estyn inspection metric. The department evaluated itself to have “excellent” quality of teaching, where the provision for skills (e.g.: literacy skills) resides as a subsection. One such way that they are achieving this is through the use of dedicated skills weeks throughout the year, wherein pupils go to their normal lessons but focus on skills such as literacy, numeracy, and digital competency. This links in with the relevant literature as it suggests that the improvement of pupils’ literacy skills can be better achieved by incorporating aspects of skills development across the curriculum. (Ehren, 2010) This also falls into line with the recommendations that Donaldson made in the “Successful futures” document, which outlines how promoting good skills can be better accomplished when different subjects work together. The school’s science department self-evaluation plan also outlines how the department is working towards developing their pupils research skills, which is an essential aspect of scientific literacy. This aspect of their plan is also supported by the relevant literature, as it is suggested that encouraging inquiry-based, research style, activities can increase pupils’ motivation towards their scientific learning. (Gormally et al., 2009) My PTE1 school also has plans for improving the provision of skills in its whole school development plan. (See appendix 3) This plan details how their skills week can be further improved by providing teachers with appropriate training using INSET days to help them become more effective at delivering content that is more focussed on improving the skills of pupils. These recommendations follow those of the literature, as it suggests how important that professional development can be for the improvement of skills across the whole curriculum (Greenleaf et al., 2011) Another recommendation made in the whole school development plan is for teachers to be trained in use of “excellent teaching” and in identification of the aspects that make up excellent teaching. They want to achieve this by providing INSET days for teachers as well as improving the way that they perform lesson observations to include the identification of excellent teaching. This recommendation, yet again, follows the ideas of the relevant literature as continuous professional development is key to improving the learning of the pupils that these teachers teach. (Greenleaf et al., 2011) Also, by allowing teachers to observe each other, and showing them how to identify excellent practice, not only do the teachers involved benefit but so do the pupils that they teach. As excellent practice is shared and teachers are able to learn from one another, the confidence that these teachers feel in their ability to provide excellent standard teaching practice increases. (Cannon & Scharmann, 1996) Which, in turn, creates a more positive teaching and learning environment for teachers and pupils alike.

Methodology
	The research method proposed in this assignment falls under the umbrella of action research. Action research encompasses the branch of research that is carried out in the course of an activity. For example, over the course of a lesson or several lessons, and usually has the objective of improving the methods used in the lesson(s). My method involves a pre-intervention lesson, an intervention lesson, and then a post-intervention lesson. The only way in which my methods differ from those of classic action research methods is that action research is usually done on a continuous basis and my method takes place across only three lessons. Although I would like to continue research into the improvement of scientific literacy after my PGCE year. This is because proper action research brings both action and reflection together and continuously improves upon the methodology whilst considering practical solutions to the issues that the research sets out to improve. (Reason & Bradbury, 2001) The clue is in the name with action research, it involves action. This action is what drives the research forward, as the researcher is constantly involved and therefore as close to the topic as possible. This allows the researcher to not only be constantly involved in the research, but to also be able to contribute towards it and continuously improve it. (Fraenkel et al., 2011) It also allows teachers (as researchers) to develop their skills in self-reflection, more specifically reflection-in-action and reflection-on-action. Wherein reflection-in-action refers to being able to reflect upon one’s actions in the moment when they occur, and reflection-on-action refers to self-reflection after the fact. Action research allows for both of these types of self-reflection as it is a continuum of actions and recommendations. (Schön, 2017) On the other hand, action research also has its limitations. One such limitation is that action research tends to focus on only problems with one’s teaching. Without the focus being put on the problems, teachers could focus more on actually trying out new techniques just to see if they work or not, to be able to explore other avenues of teaching that they had not previously even considered. (Gebhard, 2005) However, this problem with action research can be tackled through the use of appreciative inquiry-based action research. Appreciative inquiry aims to identify good practice, and how to best implement this practice using proper development planning. (Shuayb et al., 2009) Another problem with action research is that the researcher (teacher) could be considered too close to the study. This can cause problems with the integrity of the study as the impartiality of the researcher can be called into question as they are usually quite close to the classes they teach. Also, due to this lack of impartiality, it is easy for researchers to make pre-emptive judgements about the effects of their methods on the teaching and learning in the class. (McKay & Marshall, 1999) Overall, action research has its advantages and disadvantages but has played a key role in developing the way we look at education today. Progress is made when teachers are in constant pursuit of new or improved ways to enhance the way that they teach for the betterment of pupils’ learning. 
Evaluation
	As mentioned at the start of this paper, my research task was aimed at a mixed ability year 7 class with a total of 29 pupils in. However, I had only collected data from 25 of these pupils due to incomplete work and/or pupils not attending all of the research lessons. During the time period in which I wanted to conduct my research; this year 7 class was coming to the end of the electricity topic in their science lessons. This presented the perfect opportunity to test out my method, as the pupils were comfortable enough with the topic’s material that it would not affect the way that the pupils completed the task associated with my research. My research project consisted of three lessons, luckily spread across only one week so that all ideas were fresh in the pupils’ minds throughout the project. The project focusses on the improvement of pupils’ scientific writing, more specifically, the writing involved in the “method” and “fair test” metrics of the scientific investigation mark scheme. (See appendix 1) Fortunately, the point at which the class was at in the scheme of work was an investigation into the effect that the length of a wire has on the current in a circuit. I had been teaching the class for several weeks already and we had covered the majority of the sub-topics in the electricity topic, including other mini investigations. So, the pupils had already had a bit of practice when it comes to scientific writing on the topic of electricity. The first lesson in my research project consisted of me instructing pupils to write a concise method outlining how they would set up and carry out an experiment to investigate how changing the length of a wire in a circuit affects the current of said circuit. The lesson started off with a simple starter to refresh the pupils’ knowledge, then I gave them only four simple prompts to get them started on writing their methods. 1) How will we set up the experiment? 2) How will we carry out the experiment? 3) what are we measuring/testing etc…? 4) How will you make it a fair test? I also displayed a picture of a circuit diagram on the board to help pupils with the first point. 
Next, was the intervention lesson wherein I detailed my method writing method for the pupils. For this lesson I changed the topic of the planned investigation from “how does length of wire affect the current in a circuit” to “how does changing the voltage affect the current in a circuit”. This was to make sure that the pupils could not just copy their methods from this lesson during the post intervention lesson. My method writing method consisted of four steps to help pupils chunk the process of writing a scientific method into easier to manage pieces. The first step involved drawing a diagram of the proposed experiment, in this case I instructed pupils to draw a circuit diagram of a simple circuit that could be used to investigate how current varies with voltage. This first step is important because drawing out a diagram of the experiment help to be able to visualise it when it comes to writing a step by step method out. Also, it lends itself to the mark scheme by which these investigations are marked against, as a solid method should have a diagram to back it up. (See appendix 1) For step two of my method I instructed pupils to draw a table with three columns: Independent variable, dependent variable, and fair test variables. I also displayed a copy of this table with only the headings filled in to make sure pupils knew how to lay it out. After pupils had finished drawing out their tables, I asked the pupils to consider the hypothesis of the experiment (“does changing voltage change the current in a circuit”) and determine what variables are involved, and which columns of the table they fit into. This step helps to divide the variables of the experiment into categories before they start to write the proper method. Which is helpful as this follows the investigation mark scheme because pupils both recognise what variables are involved, and also to identify which variables are to be changed (independent), measured (dependent), and kept the same (fair test). (See appendix 1) This leads on to step three of my method, which was for pupils to write out their methods by checking variables off the table as they write using the following template: 1) we state that we will set up the experiment as shown in the diagram (drawn previously). 2) we state what we will do during the experiment, by stating that we will change the independent variable during the course of said experiment. 3) we state what we will be measuring during the experiment, by stating the dependent variable. 4) we will state how we will make the experiment a fair test, by stating the fair test variables whilst also explaining how we will keep them the same. This third step of my method also helps pupils to meet the criteria laid out in the investigation mark scheme as pupils will have detailed their method in a step by step fashion that can be easily followed by others. (See appendix 1) Finally, there is step four of my method, which is for pupils to reflect upon the methods they have written by considering possible problems with the plan. Also, to think about whether or not their methods would be accurate and/or repeatable. This last step helps pupils to get the higher marks in the “method writing” category of the mark scheme, as identifying potential problems with the proposed method is the top marking criteria in this category. (See appendix 1) 
Lastly, I delivered the post intervention lesson in which I instructed the pupils to re-write their original methods on the “how does length of wire affect the current in a circuit” experiment. However, this time, they were to use the method writing method detailed to them in the intervention lesson previously. During the lesson, I had displayed an outline of the method writing method on the board using only four sentences. After this lesson I collected in all work and marked both their pre- and post- intervention methods against the investigation mark scheme.
The results are split into the two categories from the investigation mark scheme that I wanted to improve: “Method writing” and “Fair test”, with “method writing” having a maximum mark of 8 and “Fair test” having a maximum mark of 7. (See appendix 1) Firstly, I will discuss the “method writing” results. Unfortunately, the results in this category were not what I had hoped to achieve. On average, pupils’ marks in this category increased by just under one mark (0.72). (See appendix 4) Even though, out of the 25 pupils: 6 of them showed no improvement, 5 of them did worse after the intervention, and the other 14 improved. At first, this seems to be due to two of the pupils (12 and 20) lost 4 marks after the intervention, the next lowest being -1 mark. However, even removing these two pupils from the average calculation only bring the average improvement to about 1 mark (1.13). Overall, the pupils had included more detail in their methods. However, there was still a lack of structure in their writing which meant that some pupils failed to achieve the higher marks. 
In the other category, “fair test”, the average improvement across all 25 pupils was just over 2 marks (2.16). (See appendix 4) Only two of these pupils lost marks after the intervention, and one more pupil made no improvement. The other 22 pupils scored at least one point higher than in the pre-intervention lesson, with 6 of these pupils scoring at least 5 marks higher. On the whole, the work pertaining to this category had considerably improved. The pupils that had not included any relevant information about the “fair test” elements of a method, had done so after the intervention lesson. 
Across the two categories, pupils improved by a total of around 3 marks (2.88) (See appendix 4) which is almost 20% of the total available marks from both categories. Pupils improved the quality of the content of their work but did not greatly improve in the quality of their writing. 
Conclusion
	The results of this research project are a mixed bag, my intention for this project was to provide the pupils with a method for improving their scientific writing, more specifically the writing of a method for an investigation. However, there was only a marginal improvement of pupils’ marks in the “method writing” category. This could have been due to several factors, the first of which could have been the amount of help that I gave the pupils during both the pre-intervention lesson. In this lesson I had displayed four points for the pupils to address, and if the pupils were to address these points in their writing; they would have been able to score the mid-to-high marks. This could have led to some of the pupils scoring higher in the pre-intervention marking than they would have without the help. Thus, causing the pre-intervention results to be higher, in turn causing the average improvement to be lower. However, during the post-intervention lesson, I had also displayed some help to refresh the pupils on the method that I had laid out for them during the intervention lesson. As the average improvement shows that the pupils did not improve greatly in this category, it seems that either the help that I gave to the pupils during the pre-intervention lesson was to helpful. Or that the help that I gave to pupils during the post-intervention lesson was unhelpful, or worse, detrimental to their writing. Therefore, further research into the affect of my instruction would need to be undertaken to properly eliminate this as a variable. Another factor that could have affected the average improvement of the pupils’ “method writing” score could have been simply the age group at which I targeted with my research. I had chosen a mixed ability year 7 class, by which point these pupils will not have had much experience with writing scientifically. Therefore, one positive point to take away from this would be that they have improved at least a little bit, even in this early stage in their scientific education. 
	As for the results form the “fair test” category of marking, there was considerable improvement with pupils scoring over 2 marks more on average. (See appendix 4) This result obviously shows that the pupils made a considerable improvement after my intervention lesson, but it cannot be said with 100% certainty that my method was the cause of this. However, the act of simply breaking the task up into: thinking of what variables are involved in an experiment, and what we do (or don’t do) to these variables seems to have made it easier for pupils to effectively include this information in their writing. On the other hand, there were six pupils that scored zero marks in the “fair test” category during the pre-intervention lesson and then went on to join the rest of the class with scores of mostly 5’s and 6’s during the post-intervention lesson. (See appendix 4) This suggests that some of these higher score differences were just due to the fact that pupils had not considered, or did not properly consider, what variables were involved or how to categorise these variables. Even though these six pupils may have altered the average difference in score, all but three of the other pupils improved by at least one mark which is another positive point for this research project. As it seems that my method for improving scientific methods both reminds pupils to include the “fair test” elements in their methods. Also, it seems to have improved the way by which the pupils discussed the experimental variables in terms of their method writing, which again, is a positive point of this research project.
Limitations and future developments 
	As far as limitations go, this research project obviously has the intrinsic limitations that most research in this field is also limited by. One such way in which this is true for my research is the fact that the pupils involved in this research are the biggest and hardest (if not impossible) variable to control. As every pupil is different and has their own style of thinking and therefore their own style of communicating via writing. Also, every pupil is different in terms of their knowledge and understanding of the topic. Even though I tried to counter this by choosing to conduct this research using a topic that the class had just gotten to the end of, and so should have been fresh in their minds, there would have been no way to guarantee that every pupil was at the same level of content knowledge and understanding. Following on from pupils as a difficult variable to control, the behaviour of pupils also provides a limitation to the research. This is because I could not guarantee that the pupils would behave and be in the same state of mind across all three lessons. Also the lessons were at different periods of the day and this will have had an affect on the pupils’ state of mind, and therefore, will have affected the way in which they carried out their work. Whether or not these factors would have a positive or negative impact is yet to be determined, but it would be interesting to find out the extent of the impact that the time of day has on pupils work. Another limitation was the size of the class used, it only contained 29 pupils, and only 25 of them produced work that could be marked. Therefore, with a sample size of only 25, the results produced by this research are somewhat unreliable until it is repeated with a much larger sample size. Following on to this, for the results, the only type of statistical analysis I performed on the raw data were standard averages of the difference in marks across pre- and post- intervention lessons. If this research could be repeated with a bigger sample size of pupils, then more complex statistical analysis could be performed on the raw data. Which could be used to reveal more about said data, and therefore, reveal more about how my methodologies affected the pupils. Other intrinsic limitations include the fact that I cannot guarantee my subjectivity during the course of the research, as I was too close to the class to be impartial. (McKay & Marshall, 1999) However, if I were to have been able to continue this research with this class I may have been able to use the “closeness” with my class to improve upon my methods over the course of teaching, as this is one of the key aspects of action research itself. (Fraenkel et al., 2011) Another limitation of this research project was the content of the pre- and post- intervention lessons. As the help that was displayed to pupils differed across these lessons therefore making this less of a fair test. The pre-intervention lesson should be altered to include more instruction on discussing the “fair test” elements of the investigations to help pupils to not forget to mention it completely.
There are several ways by which this research project could be improved in the future. One such future development that could be worked towards is to research how the teacher’s instructional methods affect the results in a similar scenario. This is because it was unclear whether or not my instruction and help that I gave the pupils affected the results of my research, and it would be interesting to see whether altering this could greater improve pupils’ scientific writing when it comes to writing methods. Another future development would be to attempt to use this method for better method writing with a different year group class. Possibly to teach pupils from classes in years 8 and 9 under similar conditions. This would be interesting as these pupils will have had more experience with scientific writing by this point in their science education, and thus should produce work of a higher standard regardless of how I tell them to lay it out. This links back to the problem of the low sample size that limits this research, as attempting it with different classes not only increases sample size, but also allows the effect of different year groups to be further analysed as a variable. Yet another future development that could be made in this research could be to investigate how the “chunking” of the various aspects of writing a scientific method could be more effectively achieved. Also, how this could affect the way that this method could be more effectively delivered through “chunking” the material into more easily manageable tasks. Further development could be made by changing the way in which the intervention lesson was delivered. As it is, the intervention lesson was just me instructing the pupils, and them writing a practice method. But if I were to do it again, I would change the lesson to be more exciting for the pupils. I believe it would be more effectively delivered if each step of my scientific method writing method was taught using more pupil led activities. Perhaps a carousel lesson wherein pupils rotate around the different steps whilst completing activities on each step.
Overall, I believe that this research was a success. As, even though it cannot be said that my methods had affected the pupils marks in a positive way with 100% certainty, the results of my research suggest that aspects of my method did help pupils to at least set out their work in a more sequential fashion. Also, that it helped pupils to remember to include both what variables are involved and also what should be done with these variables into their work, which is how to achieve the higher marks in the “fair test” category. (See appendix 1) However, the successes of this project not only lie in what it did achieve, but also in what it did not achieve. This research has also raised more questions through analysis of the results, questions that are vital to the “action” aspect of action research. This is because for action research to be successful, the methodology used should be constantly improved upon whilst new questions about the viability of them arise. (Reason & Bradbury, 2001) Therefore, I look forward to being able to continue exploring aspects of this research during my teaching, as it becoming evident that that the improvement of pupils’ scientific literacy skills will continue to be an important issue in science education for years to come.
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Appendices: 
1) Science skills guide handbook – emailed to tutor
2) Science department self-evaluation plan – emailed to tutor
3) Whole school development plan – emailed to tutor
4) [bookmark: _GoBack]Research data – emailed to tutor
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