To what extent do classroom approaches improve the development of scientific literacy skills in a science class of 12 and 13-year olds?

Introduction (372)
This research will examine approaches of teaching scientific literacy skills within a classroom setting with a group of twenty-nine, year eight secondary school pupils. The nature of the research is to explore methods to improve the quality of extended writing in science; a key aim of the Welsh Government over recent years due to Wales’ consistently poor performance in international education tests (ref). This paper will evaluate the chosen method and aim to draw conclusions from the evidence of pupil work as to the effectiveness on extended writing skills within a science classroom setting.   

The capacity to access scientifically-based questions and provide a logical and sequenced response is a pertinent component of the Science National Curriculum and the learning of science in the classroom. PISA results for Wales show that Welsh students consistently underperform when presented with this style of science assessment. The tools implemented in this study will begin to provide evidence to show if facilitating the development and structure of the pupils’ extended written response improves capacity to perform in such assessments. 

Background
The cohort (Cohort M) used in this sample study were a group of twenty-nine, year eight secondary school pupils within the Neath Port Talbot Local Authority. 2018 figures show approximately 800 pupils on roll at the school, 19% of whom are eligible for free school meals. The school has provision for the full range of ability and the percentage of children with additional learning needs is approximately 23% with a very low percentage of pupils with English as an additional language (Estyn School Report, 2014).
Cohort M were subjected to a pre-test in order to gauge baseline data off which to base evidence, followed by a teacher intervention, which attempted to equip pupils with skills to improve their scientific literacy. Scientific literacy includes components such as ability to access the question, understanding of the requirements set out in the question and the sequence in which the response was presented. The anticipated outcome of the study was that providing pupils with an organisational tool, would improve an individual’s capacity to process large chunks of information in the question and better interpret the requirements set out. This would be evidenced with an increase in the overall teacher mark for the assessment.      
Rationale  
Science and science education should be exciting for young people, providing them with skills and opportunities that they would not necessarily come across outside of school. The field of science has come to encompass a wide range of subjects from physics and chemistry, to engineering, social, computer and environmental sciences.  However, some young people fail to be inspired by science in schools because they do not recognise the relevance of science skills within their lives, or the importance that they can have for careers later in life. The Welsh Government recognises the need for a robust and varied scientific and technical workforce in order to build a strong economy and places high priority on developing advanced ideas and skills, and creating an environment where school leavers perform well at school level and choose to study science in further and higher education (Welsh Government, 2012). 
To this end, several high-order skills can be found at the core of a good science education and student attainment. These include inquiry, problem-solving, information retrieval and scientific reading, all of which fall under the category of scientific literacy (STEM Learning, 2019). Science literacy is a key factor in raising standards of attainment across Wales and great emphasis has been placed on its development as a result of consistently poor performances in PISA assessment by Welsh students (ref). To paraphrase the definition of scientific literacy given by Organisation for Economic Co-operation and Development (OECD), it is “[the ability to engage with science-related issues…][…be willing to engage in science and technology, evaluate and design scientific enquiry…]” (OECD, 2013). However, the reality of contemporary science education and literacy should emphasise more than scientific content alone. Some have gone further with their definition, suggesting that scientific literacy requires the consideration of personal, local and national issues and the ability to reflect on these when making decisions, therefore promoting citizenship, not only future scientists (Millar, 2006; Osborne, 2007; Bybee and McCrae, 2009). Osborne’s view of contemporary science education is that it is “foundationalist” and does not go far enough to highlight the relationship between science and the wider issues of social responsibility. Differing schools of thought reflect the notion that there is not one defined idea to describe scientific literacy and what it means to individuals. However, all agree that the importance of developing scientific literacy skills in young people is paramount to them becoming moral and well-rounded members of society. To be scientifically literate in Wales, as proposed by Welsh Government in teacher support documents published in 2015 (ref), pupils must demonstrate a range of competencies as well as subject knowledge, the extent of which is determined partly through the attitude they show towards science education, such as motivation for further study and lifestyle choices.         
Significance of Scientific Literacy in the Curriculum
Even though the definition of scientific literacy and the ways in which it is measured have been reviewed over time (ref), its significance within an education setting has become even more prominent in this technological age. The role of science and the need to be scientifically literate within economic, personal and cultural settings is acutely apparent and as a result is a key priority on the Welsh Government agenda, along with literacy and numeracy, because of the consistent underperformance of Welsh students in international assessment. 
Education and quality of education is often viewed as a global indicator of economic competitiveness. The Program for International Student Assessment (PISA) takes place triennially and is considered a quality measure of global education systems and student achievements (Bybee et al., 2009). The tests assess the core skills of mathematics, literacy and science literacy, and the ability of each cohort to apply the skills they have learnt in full-time education to the wider world. Every round of testing will undergo a periodic change in focus between the core skills. The science assessment questions are formatted as life situations within a science and technology context, testing competency, knowledge and attitude (Bybee 2009). The testing that occurs is considered comprehensive and transferable from country to country in nature, as it is skills based rather than testing students’ knowledge of the curriculum. 
Since its first participation in 2006, Wales’ performance has been significantly lower than the rest of the United Kingdom and significantly below the OECD average, with the mean pupil score falling consistently since 2006 (Wheater, 2013; Jerrim and Shure, 2016). The focus of the most recent tests in 2015 was science. Tests are scored based on a numerical value assigned to each question, based on difficulty. Thomson et al. describes the scoring system as six levels of scientific literacy which must be met in order to achieve that level (Thomson et al, 2013). Work by Fleischman et al. (2010) goes into further detail and outlines the level of scientific literacy equivalent to a baseline proficiency which indicates that the necessary competencies have been fulfilled. Of the participants in 2015 key findings show that Year 10 students in the UK combined perform above average compared to those in other OECD countries in science and reading; both skills combined form the basis of scientific literacy. Interestingly the UK results have remained stable since Wales’ first round of testing in 2006, with no significant drop in points score (OECD, 2015). Further analysis of regional points attainment shows that for science, students in England and Northern Ireland scored similar and above the OECD average, while Wales fell significantly behind the rest of the UK including Scotland. Statistics show that of the participating OECD countries, 21% of students do not meet the baseline proficiency requirements, and out of all regions in the UK Wales alone are the only nation who falls below the average with 22% of participants not meeting the requirements. Not only does Wales fall short when it comes to numbers of pupils meeting the minimum criteria, there is also a deficit of pupils in the top percentile (OECD, 2015).         
The disappointing PISA results in 2009 and 2012 imply that Welsh participants have underdeveloped skills and competencies required to address and evaluate real life situations in comparison to their English, Scottish and Irish counterparts, the reasons for which are broad and varied. It has been suggested by some critics that language skills are the main barrier to attainment and performance because of the variety of subject-specific terminology used (Peacock and Gates, 2000) which is supported by findings in Estyn’s 2011 report that states that 40% of pupils in Welsh secondary schools reach Year 7 with general literacy skills well below their chronological age, in some cases up to 18 months’ below.  Power over education in Wales is devolved to the Department for Education and Skills (DfES), part of the Welsh Government which makes decisions on all aspects of education and training for young people in Wales (ref). This devolvement has led to disparities in funding between school children in England and Wales which could have a significant effect on the education Welsh children receive as they move up through the system (Welsh Government, 2011).
In conjunction with this, the poverty levels in Wales are the highest out of all four UK regions, with 24% of people earning below the average household income in 2016/17 and the largest percentage of child poverty in the UK (Joseph Rowntree Foundation, 2019). This means that as of January 2018 13.6% of all school children in Wales were eligible for free school meals (FSM) compared to 12.4% in England (Department for Education, 2018). Attainment data collected by the Welsh Government demonstrates that those in receipt of FSM consistently perform lower across all key stages when compared to non-eligible Welsh pupils.   
From these disappointing PISA results a mandatory national framework of literacy and numeracy intervention (Welsh Government, 2013) was triggered to promote one of the most radical changes in Wales’ education history. Since 2013, it has been a mandatory requirement for teaching practitioners to embed elements of literacy and numeracy across all areas of the curriculum as a priority to raise standards of literacy across all subject areas. Even through these radical reforms to Welsh education, relatively little attention has been given to science literacy skills and Wales is yet to see an intervention within science education.
Issues with PISA Testing
Metacognition and independent learning form the overarching skills that underpin PISA testing (Welsh Government, 2012). These skills in themselves require a high level of competence in areas of literacy, which has been found by Estyn to be lacking in some areas of Welsh education.  A good education in science forms part of the core of the Welsh National Curriculum which has been in place since 1989. The current curriculum outline offers a robust and varied programme that should ensure that young people are scientifically aware and have the knowledge required to enter careers in the wider scientific community. However, this standardised programme has come under scrutiny since the Donaldson report was published in 2015 which recognised that only a proportion of 15-16-year olds truly benefit from this type of science education and that the system is perhaps doing a disservice to a large proportion of children in receipt of education in Wales. PISA testing is largely related to the four purposes of the new curriculum in that Donaldson’s vision requires learners become more resilient, independent learners who are responsible for their own learning (Successful Futures, 2015). This vision is far removed from the current rigid and heavily prescribed curriculum which promotes common themes and inflexible subject areas. Ogborn points out that only a small percentage of the population become scientists and engineers and so the current programme of basic training and scientific knowledge content does not benefit the vast majority (Ogborn, 2004). Therefore, becoming scientifically literate requires young people to be skilled in areas of problem-solving and information retrieval as well scientific knowledge in order to fulfil their own potential, such as the aim of the Areas of Learning and Experience (AoLE).  
AoLE’s are a key priority proposed by the new curriculum outline which sets out to upskill students, making them “qualified for life” placing an equal emphasis on cross-curricular skills as well as subject knowledge. However, this idea is not new. In 2000, DeBoer suggested that those who were scientifically skilled were well equipped to cope in an increasingly technological society, while Miller notes that that such individuals can critically evaluate before making important decisions about aspects of their lives (Miller, 1998). 
PISA testing has come under scrutiny by practitioners from several countries for adversely promoting short-term solutions to educational issues in order to improve scoring in international testing (Meyer, 2014) and for the influence the rankings appear to be having over national education reform (Breakspear, 2012). Wales is a prime example of this approach where the National Literacy and Numeracy Framework has become a mandatory strand of education in Wales as a direct result of poor performance in PISA testing. 
A science-specific issue related to this type of international testing is that science fieldwork and practical work are not assessed when they currently form a portion of the science national curriculum in Wales (Welsh Assembly Government, 2008) with a significant amount of lesson time devoted to developing these skills.   
Barriers to Scientific Literacy
Language in science is important to developing understanding, however learning the language of science is one of the major difficulties faced by pupils in Wales because of the wide array of new and unfamiliar vocabulary. Wellington and Osborne (2001) outline the relevance of language in science and suggest how vital it is for a solid science education, while others suggest it requires the same level of skill as learning a new language (Henderson and Wellington, 1998). Understanding the language and terminology is perhaps one of the most difficult barriers to overcome and can deter young people at the first hurdle. If they cannot access the language, then there is no way of understanding the meaning of words or scientific concepts and processes and therefore will hinder an individual’s enthusiasm and achievements (Young, 2005). Scientific language is a component of science communication, which involves speech, reading and writing. Many words used within science, such as those that describe scientific processes are abstract to students and may be difficult to comprehend as they cannot be observed. Furthermore, young people must be literate in terms of communication, but they must also possess a general understanding of mathematics in order to understand and interpret data and graphs, adding a further dimension to the idea of scientific literacy. It is no surprise that students struggle to manage and put all these different elements into practice. 
Several other factors may pose difficult barriers to a good level of scientific literacy, such as curriculum constraints where teachers are constricted to teach vague and ambiguous topics in order to fit with the assessment requirements of GCSE’s and A level. It has been suggested that although this approach serves the purpose of passing exams, it is not suitable for teaching and nurturing scientific literacy skills (Millar 2011), which is where Successful Futures comes into its own, allowing practitioners more freedom and responsibility to teach topics and areas they see fit. Dr Ian Gibson, chair of the House of Commons Committee on science and technology even goes as far to say that school science can be a “slog” for students, deterring young people and dampening their enthusiasm for the subject. 
School X Policy 
The introduction of the LNF by Welsh Government in 2013 aimed to reduce the disparity between departments regarding their literacy policies (Welsh Government, 2013).  School X’s overall judgement at KS4 has been defined as “good” within the self-evaluation report even though most pupils only have adequate skills for literacy (Appendix 1). The school improvement plan outlines some whole school strategies for improving literacy overall across all subject areas however does not highlight strategies specifically aimed at improving scientific literacy. However, there is an acknowledgement of the fact that additional reading and writing tasks would be beneficial within science to improve their ability to perform during formal examinations and other controlled assessments such as end of year examinations. Improving literacy strategies to increase exposure to extended writing and allowing for more practice of these question types would equip pupils with the confidence needed to tackle QER questions and thus address one of the key priorities of the School Improvement Plan. As such pupils are required to complete one extended writing task per half term. Not only does this improve general literacy through reading and writing, it also improves subject specific vocabulary as well as metacognition and independent learning skills. Pupils can build on knowledge and develop higher order skills such as evaluation and drawing conclusions which form part of the scientific competencies strand assessed through PISA testing (ref). School X also ensures increased provision for dedicated improvement and reflection time (DIRT) for pupils throughout all key stages. Viera & Tenreiro-Viera (2016) discuss the idea that improvements in independent learning skills can improve outcomes of scientific literacy. 
School X implements curriculum mapping where each department identifies where areas of literacy development are taking place within their schemes of work, and their improvement. The dedicated Literacy Coordinator collated initial data in a cross-departmental manner to ensure that all strands of the literacy framework were being addressed across the curriculum, with any deficit areas noted. From this information a school literacy policy has been developed, detailing whole school strategies and resources for raising the bar on literacy standards.
The school employs a whole school marking policy which addresses spelling and grammatical errors during book scrutiny. The policy is consistent across departments and ensures students are encouraged to model for themselves correct spelling and grammar. Any spelling errors in a given sentence are marked in the margin with “sp” and pupils are expected to correct their own errors using a dictionary and repetition to learn correct spelling of general and subject-specific vocabulary. This process is carried out during dedicated DIRT lessons and increases pupil resilience and independent learning skills.        


Summary
It is evident that an understanding of science and technology within a child’s education is becoming increasingly important as we move further towards a technological age and that a baseline level of scientific literacy is not only empowering but necessary for individuals to effectively contribute to societal issues. However, the understanding and definition of what it means to be “scientifically literate” is still unclear and it is therefore imperative that Wales minimises the regional gap in international assessments to bring Welsh pupils more in line with the rest of the UK in terms of competency. With the introduction of the LNF as a direct result of inadequate PISA scores and the publication of the new draft curriculum for Wales (ref) the opportunity to improve the standards of scientific literacy is not solely reliant on children being scientifically oriented but on the inclusion of quality classroom research by practitioners in order to drive change. 
School X are making significant efforts to improve the overall literacy of pupils at the school by standardising their literacy policy and employing a Literacy Coordinator to ensure that all strands of the LNF are met across the curriculum, allowing curriculum time for pupil improvement and reflection and by ensuring that children are regularly exposed to extended writing pieces of work. These improvements if implemented effectively have the potential to directly improve skills in scientific literacy. On the other hand, making all teachers responsible for literacy within lessons implements some time restraints which could favour literacy-rich tasks within science lessons in favour of scientific content, particularly for less able students. PISA testing looks periodically at skills in literacy, numeracy and scientific literacy yet there is no framework tool for practitioners to improve scientific literacy specifically, only digital competence overall through the Digital Competency Framework (Welsh Government, 2016). 
Methodology 
The methodology section explores the research question and the methods and approaches used in order to collect data and formulate results. Furthermore, this section also explores the ethical implications of carrying out such data collection and steps taken to ensure that data was collected and used in line with the university’s policy regarding action research.
The research idea was formulated based on the notion that scientific literacy skills amongst school pupils in Wales is below average, as demonstrated by the disappointing PISA results of 2015 (ref). The ability to make inferences from pieces of information to draw conclusions about a third piece of information is a skill implicitly related to level of scientific literacy. Further to this, inference skills are important for overall comprehension skills and a review by Kispal (2008) found the ability to make inferences predetermines reading skills, not the opposite. The question posed by this research activity aims to determine if classroom approaches that scaffold pupils to enable them to make global inferences from unfamiliar texts are effective at improving scientific literacy skills when faced with questions like those utilised in PISA assessments. This small study aims to investigate one type of classroom strategy used often within subject lessons in parts of the curriculum that require in-depth analysis of information, such as history.  
With the publication of Successful Futures (2015) and drastic educational reforms due to take place in Wales in the coming years, action research within a classroom setting will have a more significant impact than ever before. In his book, Cohen (2003) introduces the idea that using scientific methods of research and replacing traditional teacher-led methods of learning with pupil discovery allows practitioners to evaluate and improve their practice (Corey, 1953) while Carr and Kemmis (1986) take this further calling it “self-reflective inquiry” to maximise improvement in practices.            
The research design used was a classroom-based strategy in the form of an inference square. The inference square (Appendix 2) was designed to encourage students to draw conclusions and “read between the lines” using information that they had gathered from previous lessons and information presented to them in the form of an unseen text. It was the aim of the research to encourage students to take a more critical stance to the information they were presented with and use an evidence-based approach to answer questions related to the text. 
Pupil Interviews and Questionnaires
Careful consideration was given to the use of pupil interviews and questionnaires to support the research methodology. While these methods can be useful to gain background and descriptive information about participants, the intrusive nature of this type of data collection and time required in order to gather meaningful information highlighted this as an inappropriate method of collection. The main issues with this method within an education setting are the wording of questions to ensure that there are no leading questions which may influence the answers of respondents (Cohen 2003). Another issue with asking framed questions is how the answers are grouped and translated into meaningful data. According to Cohen, a method for by-passing this problem is to use multiple choice surveys, however this produces another set of problems in that participants become passive and provide neutral answers rather than giving their true opinions (ref).   
Method of Investigation
The main features of the investigation can be summarised into three key components: a pre-test, teacher intervention and post-test. Over the course of the investigation, pupil ability was judged solely on the teacher’s prior knowledge of the class and how they had performed previously. MAT pupils and those with additional learning needs could be identified, however level-assessed sample work to assess the starting level of pupils was not considered during the research and as such will not be considered in this paper.
Ethical Considerations
Within the introductory phase, it was explained to pupils that as part of the research activity, their personal data would be collected and collated and used to inform ideas linked to the research aim. The ethical implications were highlighted, and pupils were assured that all data would remain anonymous, and only the individual carrying out the research would be aware of individual data. Cohort M were explicitly made aware that they were under no obligation to provide their personal data for the purposes of the research and were given the opportunity to opt out. Parents and carers of members of the cohort were also made aware of the classroom research activity and reassured that the activity would be carried out in line with usual classroom practice and within the school’s scheme of work (Appendix X). 
The research activity was designed with explicit consideration for the ethical approval process required by the University, the details of which are available in appendix X. No research was undertaken before the approval date of the ethics application and all members of the cohort were happy to take part in the research activity. Each member of the cohort was issued with a student number, which substituted for any personal information.         
[bookmark: _GoBack]Evaluation 
This section presents details of the results obtained through pre- and post-intervention testing and evaluation of the quality of data collected. The evaluation serves two purposes; the first examines the results of the investigation, comparing the attainment of pupils between pre- and post-testing. The purpose of this is to determine whether the research activity carried out provided suitable data to demonstrate achievement of the expected outcomes. The second purpose determines the effectiveness of the teacher intervention and whether it was sufficient to provide evidence supporting the improvement of scientific literacy skills of 12 and 13-year olds. 
The research activity developed consisted of three lessons targeting pupils’ scientific literacy capabilities, specifically assessing their aptitude for interpreting information in extended response questions. Cohort M were a year eight, mixed ability set at the end of a unit of work on Sustainability and Global Warming. Throughout the unit there was significant opportunity for pupils to employ skills of scientific literacy and they were familiar with questions that required them to read and interpret, as well as evaluate information. Within the scheme of work there was a lesson that required students to use an inference square to infer information from several pictures of natural disasters, however this tool was not introduced to pupils as an inference square. 
The action research teaching package was designed to proceed this unit and fell within the requirements of the school’s scheme of work. This minimised the disturbance to the teaching flow and the content of the lessons within the topic was for the most part, unchanged.   
Cohort M were a split class for science and as a result were taught more than one topic simultaneously. As well as covering Sustainability and Global Warming, pupils were also taught the topic of Electricity by an additional member of staff. Because of this, a portion of the research activity included a 20-minute consolidation lesson of the topic so that pupils were clear on the context of the information they would be receiving. 
Pre-testing
The style of question chosen for the pre-test was based on PISA assessment. PISA is the international surveying body which evaluates worldwide education systems by measuring attainment levels of 15-year olds across several categories such as mathematics, science and literacy. Following a discussion with the class teacher it was acknowledged that the target ability range for PISA questions was above the ability of the cohort and that assistance in completing the task would be necessary. Therefore, part of the pre-test activity was to engage pupils in a sample PISA question, on a similar but unrelated topic (appendix X) and devise an answer, as a collective without the use of any intervention strategies. This was helpful for students to understand the expectation of the pre-test. Copies of the sample question were provided to each pupil and the question was read by the teacher. This was done in order to emphasis key vocabulary and gauge in real-time how well the participants had understood the text. Young (2005) highlighted the notion that one of the largest barriers pupils face in science is the rich and varied range of vocabulary they are expected to be familiar with and that this can hinder understanding and enthusiasm for the subject. To counteract this, students were asked to highlight any key words within the body of the text that were unfamiliar, which the teacher displayed on the whiteboard. All students who admitted to having difficulty with one or more of the words in the text had their words displayed. It was found that the range of difficult words was small and showed similarities amongst all participants. For example, several students struggled with the pronunciation and understanding of the word “congestion” within the context of vehicle congestion charges. The teacher provided brief explanations of the highlighted words before students started the question. The decision to do this as part of the introductory phase was related to Bromley’s 2007 publication which suggests that pre-teaching vocabulary is a key aspect of developing “engaged and successful readers” (Bromley, 2007). Bromley further discusses the relevance of literacy tools such as word walls as a quick supporting method to promote good literacy skills even though this method is not science-subject specific.    
Following completion of the question answers were discussed verbally as a collective and then constructed on the board by the teacher, with pupils discussing the content of the question and any key terms, incorporating any relevant knowledge they had acquired from studying the unit and their conclusions; whether they thought the information was meaningful. From this a structured answer to the question was formed.  
Pupils were given 30 minutes and instructed to complete a question similar in style to which they had answered as a class (appendix X) as part of the pre-test. The question paper was provided by the school and had been used previously with different cohorts as part of the scheme of work. Pupils were not instructed to highlight any key terms or words that were unfamiliar, however some did. Some students requested clarification of some words which were communicated verbally to the class as a whole.   
Teacher Intervention and Post-testing
Responses to the pre-test questions were marked by the teacher using a mark scheme provided by the school. Pupils were not provided with their original question sheets. As part of the teacher intervention, pupils were demonstrated to, the use of an inference square using an unrelated example question and asked to use this tool to structure and organise their responses to the question paper during post-testing. Pupils were asked to note the content of the question, along with any key terms and provide any necessary additional information they had gathered from learning about the topic previously. Finally, pupils were asked to draw conclusions using the information they had read and any previous knowledge. 
During post-testing pupils were provided with the same question paper as pre-testing to eliminate the need for a control group of participants, but this time were also provided with an inference square and instructed to use the inference square to answer all questions. The questions on the paper started by asking pupils to draw out information from graphical data, progressing to asking them to draw conclusions and opinions from the information that they had read. Pupils were given five minutes to read through the information at the beginning of the question, again highlighting keywords that they found difficult or unfamiliar. The same approach as previously was taken to ensure that students understood key vocabulary within the text which the teacher spent five minutes explaining before the start of the post-test. Pupils were given 30 minutes to complete the question. 
Methods for Marking
Upon completion of the post-test, question papers were collected and marked using the same descriptions as in the pre-test. As this research was carried out in the final weeks of Professional Teaching Experience, and the class results were largely irrelevant to end of year pupil levels, completed work was not returned or fed back to Cohort M.
Papers were marked on a question by question basis. Where there were no scores indicated on the mark scheme, one mark was given for every mark scheme point. This resulted in a paper that was scored out of eighteen. Early questions required pupils to select relevant information from the question while the latter questions tested how students communicated their reasons for answering, and as a result garnered a higher mark. During the analysis of data, it was noted in both pre-and post-testing whether students had highlighted keywords in the information text and how many of the questions were attempted. The results indicate that there is no link to students who scored higher and those that highlighted keywords.  
Results  
The results for the pre- and post-testing were subjected to statistic analysis to give a mean overall score for each student and an average score for Cohort M. The marks out of eighteen remained constant between pre- and post-testing with an average of seven. Taking these average scores at face value indicates that the teacher intervention prior to the post-test was likely to be ineffective. The constant results suggest that students did not find the Whilst the average score for Cohort M did not change between pre-and post-testing 
Graph 1 (below) shows the score difference for individual pupils in Cohort M prior to the teacher intervention and post-testing. Scores were awarded based on the marking criteria provided by the school to accompany the PISA-style question package. The graph shows that while some pupils increased performance during post-testing, with the largest score difference of 4 marks seen by Student 4, just over half of the cohort showed a negative or unchanged score difference.  Ten out of twenty-nine of the pupils underperformed compared to their pre-test results, with the largest negative score difference of 3 marks.      
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Over one third of the cohort showed a negative score difference when compared to their pre-test scores, which is loosely similar to the percentage of pupils whose question papers had two or more un-attempted questions (graph 2), although they are not exclusively linked. Many students who scored less during the post-testing phase attempted all parts of the task set. 
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The percentage value for the un-attempted questions can be attributed to some students’ unwillingness to undertake the task and/or lack of effort due to the repetitive nature of the activity. It is possible that those pupils with a negative score difference were confused by the inference square and were unsure how to use this tool to answer the questions, despite undergoing a teacher intervention.

Table 1 (below) shows the raw data collected on each student for pre- and post-testing and the score difference. The cells highlighted in green show a positive score difference, meaning that those students increased their capacity to answer the set questions during post-testing, compared to their capacity prior to the teacher intervention. 
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Table 1. Cohort M raw scores for pre- and post-testing: cells highlighted green (far right) show students who increased their performance following the teacher intervention and generated a positive score difference. 
 
From this data, we can calcuate that 49% of the participants benefitted from the teacher intervention and use of the inference square as they performed better during the post-testing. The idea that this classroom approach is beneficial to learning should be considered with caution, as the credit for the increased performance could be attributed to several other factors within the classroom. Each participant in Cohort M is an individual and will have various strengths and weaknesses due to their individual learning requirements. Some pupils are very easily able to understand and extract data from a body of text, while others struggle to make sense of words on a page. A portion of the 49% of pupils that showed improvement during post-testing may have understood the text better because the question was more familiar to them, as they had previously encountered it during pre-testing.  
Conclusions
The findings in this research paper attempt to answer a question on the usefulness of inference squares in classroom approaches to improve scientific literacy skills and as a result, metacognition skills of a cohort of year eight pupils, Cohort M. The findings are based on an action research activity carried out in a classroom setting to assess student performance during a PISA-style question before an after teacher intervention. The focus of the conclusions looks at whether Cohort M results improved following an attempt by the teacher to supply an additional tool to stimulate students independent learning and organise their answers into a critical approach, and the reasons why students may or may not have found the tool of use for this exercise. 

Graph 1 indicates the score differences between pre- and post-testing for all participants in the cohort. Fourteen out of twenty-nine students evaluated increased their score value following the teacher intervention, while the remaining students showed either showed a negative or unchanged score difference compared to the pre-test. This would suggest that for some students at least, the inference square was a useful tool for stimulating them to think about their background knowledge of the topic and organising their ideas into a logical sequence. In a review Kispal (2008) has described the importance of making inferences for comprehension and reading skills and the role of conscious and subconscious cognitive processes. The process of making an inference from pieces of information is complex and involves triggers within the working memory to supply the “missing premise” – the information that is needed to complete the picture. Competent readers may not even be aware of a “textual inconsistency” when they are triggered to infer a piece of information from a text, this is something that they subconsciously. 

The concept of the investigation conducted here shows real merit because of its relevance within all aspects of the national curriculum. Teaching children to problem solve and be scientifically literate allows them to contribute to societal issues with competence and confidence (ref). However, the small and enclosed nature of this study should be taken into consideration when drawing conclusions. The research carried out has proved inconclusive as it does not generate sufficient evidence to prove that the use of inference squares in PISA-style assessment questions improves the scientific literacy skills of year eight pupils. The reasons behind the improvement in scores in post-testing, or indeed lack of, are vast and diverse.

A major pitfall of this investigation is that students were subjected to the same examination paper for both pre- and post-testing. Even though the question papers were not deconstructed or even referred to during the teacher intervention lesson some students may have performed better during post-testing because of familiarity to the question. In a conference paper Doghonadze and Demir (2018) outline the research that has been conducted into students’ performance during open book exams which shows that students tend to perform better than with more traditional examination-style testing. This logic could be applied to the investigation conducted here. Students have already been exposed to the question paper and have had an amount of time to process the information previously which may aid their overall understanding of the task. Students in Cohort M may have realised any small mistakes they made in pre-testing and so understood how to improve their score. 

The overall benefit of using word walls in classrooms to improve general literacy has been questioned (Bromley, 2007), as well as subject-specific literacy. It has been noted from personal experiences within the classroom that students become unaware of the fact that the words are displayed around as tools and prompts to aid them in their work. The use of a custom “word wall” as part of the teacher intervention where students highlighted for themselves words that they were unsure of was used to as a tool pre-teach some difficult vocabulary within the body of the text. Again, Kispal highlights the view of Hannon and Daneman who suggest that making inferences is a process of reasoning rather than working memory capacity and that identifying key words in a passage is an integral step of the process. By identifying these words, they state that important facts about these words can be identified and therefore an inference can be made. The results indicate that pre-teaching vocabulary made no overall difference to the scores obtained by the cohort as determined by the highlighting of key words within the text. Twelve out of the fourteen students that improved their score during post-testing made use of highlighting keywords while thirteen of the fifteen who showed no improvement in scores also highlighted key words. 

It is possible that the students that improved their post-test score showed differences in their background knowledge, compared to those that showed no or negative score difference. Pardo (2004) summarises “schema theory”, first coined by Anderson and Pearson in 1984, which describes the way that individuals connect new information to prior knowledge. The relationship between prior knowledge and comprehension skills suggests that those with more rounded experiences and a deeper background knowledge can more easily make sense of what is being read. As stated previously questionnaires and feedback methods were discounted for use during this investigation and as such background information on individuals in the cohort was not examined. Therefore it is difficult to rule out the notion that those individuals that improved their score did so on the merit of the intervention strategy alone and not because of varied background experiences they may have been exposed to. For example, as mentioned previously several students had difficulty understanding the word “congestion” within the context of vehicle congestion charges. For those students who regularly travel and visit cities this word and idea that vehicles are charged for travelling through bigger cities in order to reduce emissions may have been familiar. Thus, their understanding of the word and therefore the text may have been more solid than students who have not travelled to cities where congestion charges are used.

After exploring the reasons why students may have improved their score during post-test, it is just as valid to present ideas why some of the cohort may not have improved. PISA questions are aimed at 15-year olds who, in general, are more developed with a larger array of life experiences than 12 and 13-year olds simply because of their age. As such the PISA-style question presented during this study may have been too advanced in difficulty for a cohort of year eight pupils. Even when considering MAT pupils, an age gap of 2-3 years during adolescent development can be profound. This could have been a barrier to student performance even before adding the element of the inference square. 
The perceived advanced level of the question may have resulted in lack of pupil engagement with the task. It was noted that two students within the cohort disengaged entirely with the task and did not attempt to answer any questions during post-testing. 
The amalgamation of the question difficulty leading to pupil disengagement coupled with the introduction of a new learning tool could have proved overwhelmingly difficult to process for members of the cohort. Even though students had previously been exposed to the use of an inference square to draw conclusions from a set of images, it was presented to them in a completely different manner. This is likely to have caused confusion over the requirement for the square, as there were no images within the question paper in which they could be used in the same context. The layout of the square could also have proved difficult to comprehend because of the lack of user-appropriate characteristics e.g. images for prompting ideas and conclusions. 

Limitations 
The evidence presented in this study goes someway to validating the use of inference squares as classroom tools for improving scientific literacy. However, there are some limitations to be addressed in future work. The most obvious limitation of this study was the sample size. It is difficult to produce valid and reliable evidence when the cohort size was only thirty pupils. Ideally the task would have initially been carried out on several year eight classes of similar sizes within the school, progressing to similar cohorts from alternative educational settings in order to validate the results obtained. Due to time and other classroom restraints this was not possible and is something that would need to be address in further work. 

Using the same question paper for pre- and post-testing is another limitation that would need to be addressed. Choosing a different question for post-testing would have proved difficult due to the ethical implications associated with the lack of control group assigned to this study. To ensure a fair study a control group would have needed to be employed to ensure that the results obtained were consistent and valid. Those in the control group would have been subjected to the same (unfamiliar) question paper during post-testing as the test group but without receiving the teacher intervention lesson and the use of inference squares as tools. However, in order to comply with the ethical boundaries implemented by the university both groups would have needed to receive the same classroom intervention which was not possible with the time restraints imposed by an education setting. Future work would need to include more than one cohort containing a control group of students which would provide more substantial evidence in favour or against the use of inference squares as tools for aiding scientific literacy skills.      

It was clear during the study that some students also found the layout of the inference square confusing. Following post-testing it was brought to attention that some students did not make use of the tool provided to them to answer the question paper and as such it is evident that inference square tool requires more thought to become more age-appropriate and user-friendly. Some ideas for the redesign of the layout of the inference square include that of a clock-style chart instead of a square with arrows indicating which direction the students should be writing information in and definite elements of progression to higher levels of thinking. For example, the first quarter of the clock would ask students to make note of everything that they know about the topic of global warming prior to attempting the question, while the second quarter would ask students to state what they have learned from the text. By consolidating basic information and signposting in more detail the use of the tool before even attempting to answer the question may counteract the confusion that some pupils experienced during the study. 

A helpful tool in this study would have been to gather some background information on the participants within the cohort in order to better gauge how effective the inference squares were for those that improved their score post-testing. Other than what was already known about the cohort from teaching them for previous lessons, no other information was used to aid in the analysis of the score differences. For example, an indication of current levels obtained from sample work for each student would have been useful to inform the researcher of where pupils were in terms of their learning prior to starting the test. Providing a questionnaire to students to give some background context would also have been useful in data analysis to further understand and provide meaning to those that did improve their score. Probing into the background experiences of pupils could possibly have provided supporting evidence and validation for the results obtained in this study. However as discussed previously the ethical implications and further complications that arise from conducting such questionnaires proved to be a barrier on this occasion. Future work would need to ensure that such questionnaires are informative but not intrusive (Cohen 2003) and would need to provide relevant and informative information.             
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Student No.  Mark (18/18) Mark (18/18)

23 7 9 2

54 6 9 3

12 10 11 1

36 6 10 4

7 4 3 -1

9 2 4 2

4 1 2 1

2 5 5 0

91 6 7 1

67 8 6 -2

43 9 10 1

18 8 10 2

32 11 11 0

30 7 4 -3

65 0 2 2

89 7 9 2

26 9 11 2

33 12 12 0

24 7 6 -1

79 7 5 -2

75 5 3 -2

48 4 4 0

59 11 9 -2

53 11 12 1

17 7 7 0

1 10 9 -1

35 8 6 -2

44 8 6 -2

99 5 6 1


