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Introduction
My research has focussed on improving the scientific literacy of children in Wales. Wales measures scientific literacy via Programme for International Student Assessment (PISA) testing. Pupils in Wales regularly underperform in all aspects of this test when compared to the rest of the United Kingdom and, in 2015, Welsh pupils performed worse than in the 2006 tests, the first time Wales took part. There will be more discussion of these differences in the literature review. My research will be using example PISA questions and seeing if making changes to the techniques used for answering to have a focus on the participants’ metacognition will affect outcomes.

I carried out my research in School X, an English medium comprehensive school in the Vale of Glamorgan. The school is high-achieving with over 80% of pupils achieving 5 or more GCSEs at grades A*-C, including English and Maths. This is well above the national average of 55.1% for 2018. The school has a very low number of pupils eligible for free school meals (FSM) at 3.9% compared to the Wales average of 16.6%. The number of pupils with special education needs (SEN) is also low. In Wales, 14.4% of pupils are on School Action. School X has just 4.9%. These numbers will affect the academic achievements of the school positively.

The research was undertaken with a mixed ability year 9 triple science group. The PISA tests are usually taken by learners in year 10, but it is important to note pupils in School X begin their GCSE course in year 9. It is, therefore, assumed they will have knowledge in science at similar levels to their year 10 counterparts in alternative schools. In the final figures, results from 21 participants were used.
Literature Review
Overview of scientific literacy
The term scientific literacy was first used in the 1950s by Paul Hurd (Hurd, 1958) amid concerns the American public were ill-prepared for the scientific and technological advances of the time, most likely influenced by America’s involvement in the space race (Laugksch, 2000). However, there was, and is, no standard definition for the term. Throughout its lifetime, there has been great disagreement between educators and researchers is to what scientific literacy is. The term is commonly used and seen as beneficial, yet there are many different understandings (DeBoer, 2000).

Some have the belief that scientific literacy is to be able to read and write about science and have knowledge of scientific concepts (Glynn and Muth, 1994). DeBoer (2000) partially agrees with this definition – scientific literacy defines what the public should know, not science specialists – although he suggests the term should cover the understanding of science, not solely surface knowledge. More recent thinking has shifted towards this view of understanding and roles within society, that scientific literacy is to have the ability to use scientific knowledge to participate in ‘worldly affairs’ (van Eijick and Roth, 2013). Roth and Lee (2004) discuss scientific literacy in terms of ‘citizen science’, that we should recognise science education does not exist in isolation and students, and adults, require knowledge of socialisation and politics in order to participate in a scientific and technologically-driven society. Millar (2016) uses a definition of ‘civic scientific literacy’, such that the population can influence science policy in democracies and, therefore, a level of understanding of science and technology is required throughout the populace. This shift can be seen within the Organisation for Economic Co-operation and Development (OECD) definitions of scientific literacy used in its Programme for International Student Assessment (PISA) studies. In 1998, the OECD defined scientific literacy as:

the capacity to use scientific knowledge, to identify questions and to draw evidence-based conclusions in order to understand and help make decisions about the natural world and the changes made to it through human activity (OECD, 1998)

This was subsequently re-thought and the most recent definition as used in the PISA study of 2017 is:

the ability to engage with science-related issues, and with the ideas of science, as a reflective citizen (OECD, 2017)

Millar (1983) acknowledges that scientific literacy as a term is used often in many different scenarios, and yet is ill-defined. This is largely due to the different factors influencing any interpretation, including different methods of measuring scientific literacy and a range of interest groups each with different purposes for promoting scientific literacy (Laugksch, 2000). Nevertheless, most definitions can be attributed to two different schools of thought. One, that scientific literacy is primarily focused on scientific knowledge and concepts, the other that scientific literacy should be referred to in terms of societal usefulness (Holbrook and Rannikmae, 2009).

Regardless of definition, it is commonly accepted that science education promotes and improves scientific literacy in the population (Holbrook, 2010). In one study, Miller (1983) showed, using a definition of scientific literacy involving understanding of scientific concepts and the ability to use science to make decisions, that 26% of the American population with a graduate degree could be described as scientifically literate, compared to just 7% of the general population. However, it is important to note the graduate degrees were not solely science based, and a total sample size of 473 is relatively tiny when compared to the population of the USA. Subsequent studies have shown that the percentage of American adults currently qualified as scientifically literate stands at 28%, an increase from 10% in 1988 (Millar, 2016). It is discussed that new science learning programs in the next few years will help this percentage to grow, recognising the important role of education in improving rates of scientific literacy.

Holbrook (2010) went further and suggests that rather than thinking of science education, we should instead be looking at ‘education through science’. Children and young people should not only be gaining scientific knowledge but should be taught knowledge and communication in order to be successful in society. Pupils should develop skills they can use throughout their chosen path in life, not just skills for use in science. For example, science lends itself to teaching problem solving and creativity. This idea can begin to be seen in Twenty First Century Science, a scheme for new GCSEs in England, where some emphasis was placed on ensuring learners can look objectively and evaluate scientific information in day to day life. The initial thoughts from a pilot were positive around this new course in that young people were more engaged with the science in their lives, perhaps assisting them with their civic scientific literacy. However, there was little discussion about the academic impact and outcomes for the learners (Millar, 2006). England has since moved towards more ‘knowledge-rich’ educational outcomes. In contrast, Wales has been more forthcoming with the suggestion of changing education to focus on skills, rather than specific content. The idea of ‘education through science’ can be seen in the new curriculum.

Curriculum for Wales
In ‘Successful Futures’, Donaldson (2015) discussed the purpose of education. He felt that any purposes should be created to influence policy with regards to the curriculum, pedagogy and assessment. In his recommendations for a new Welsh curriculum, Donaldson suggested the following purposes:
· Ambitious, capable learners
· Enterprising, creative contributors,
· Ethical and informed citizens
· Healthy and confident individuals
It is important to note that these are general aims for all education in Wales, not specifically in Science. However, there are parallels between the want to develop ethical citizens and the need for ‘citizen science’ described by Roth and Lee (2004) and the description of a ‘civic scientific literacy’ defined by Miller (2016). Through his desired purposes for Welsh education, Donaldson reflects the ideas of scientific literacy being the ability to engage in science in a reflective and responsible way. The ideal curriculum should be skills-based (Donaldson, 2015; Holbrook, 2010). In ‘Successful Futures’, Donaldson (2015) compartmentalises subjects into ‘Areas of Learning and Experience’ (AoLEs), including a specific AoLE for Science and Technology. Young people and children will be taught science, technology, engineering and mathematics (STEM) skills including understanding and explaining any knowledge they gain, being able to evaluate the impact of science and having opinions on ethical issues. These wider soft skills will contribute directly to the definition of scientific literacy suggested by Holbrook and Rannikmae (2009); that scientific literacy should be defined by skills useful to society. In one study, it was shown that students exposed to inquiry-based learning, where they were expected to use their skills to design and carry out their own scientific investigations, made gains in their scientific literacy and skills (Gormally et al., 2009).

However, there are some issues with skills- and inquiry-based learning. The same study by Gormally et al. (2009) also found that learners in a more traditional teaching environment were more confident in their scientific skills, most possibly due to their lack of failure in their investigations. It was found that teachers often preferred a more traditional and knowledge-rich curriculum, with a definition of scientific literacy more closely related to the knowledge and concepts students learn (Holbrook and Rannikmae, 2009). It is possible that this is why a large proportion of teachers felt that a move to a skills based curriculum would result in a lack of scientific literacy and subject knowledge in pupils (Newton, 2019), yet this proportion of 47% was not a majority. There is also a disproportional emphasis on children and young people (Senedd, 2015), despite Donaldson (2015) often referring to the importance of life-long learning. Adults are a part of society and, as such, it is important that they can also improve their scientific literacy in order to fully contribute in societies that are being increasingly driven by science and technology (Miller, 2016). Despite these concerns, the new curriculum in Wales is still under development and could hold the key to improving literacy, numeracy and scientific literacy in the future (Yr Athrofa, 2018).

Programme for International Student Assessment (PISA)
Wales, and many countries across the world, currently assess children’s skills in reading, mathematics and science using Programme for International Student Assessment (PISA). PISA is a series of tests carried out once every three years which assess the skills of a sample of 15-year- olds. They focus on the ability to apply knowledge and skills, rather than on the knowledge itself. Wales first took part in the tests in 2006 and performed below average in reading and mathematics (Statistics for Wales, 2008). Unfortunately, Wales has since continued to underperform and poor results in 2009 are seen by some as the catalyst for the current period of change the Welsh education system is currently undergoing (Beauchamp et al., 2016). In both the 2012 and 2015 PISA, the Welsh scores continued in their downward trajectory (Senedd Research, 2017). Further analysis has shown that, in Science, this is largely due to changes in the scores of high achievers. Results from low achieving pupils has been broadly unchanged, yet there has been a decline in science skills of higher ability pupils. Whilst this is a concern, it has, however, resulted in Wales having one of the smallest gaps between the lowest and average achiever in Science (Jerrim and Shure, 2016).

The cause of the difference between Wales and the rest of the UK is not clear. There could be a link between poverty and outcomes. Wales has one of the largest proportions of pupils receiving free school meals (FSM), an indicator of household income (Cook, Rutt and Sims, 2014). Traditionally, FSM pupils routinely underperform academically when compared to non-FSM pupils (Estyn, 2014), and it is possible that this difference contributes to the discrepancies between UK countries. Sibieta (2019) suggests multiple reasons for differences in academic performance between Wales and England, including a removal of formal testing at 11 in Wales, a larger number of children living in poverty and demographic differences – pupils from minority ethnic backgrounds tend to perform better in examinations. Here, Sibieta is discussing and evaluating GCSE performance, not PISA, although both do measure academic performance of children. It could be that young people do not feel invested and are apathetic towards PISA testing, as there is no personal impact on the child. If this is the case, this could have an effect on results (Fernandez-Cano, 2016). Results in Wales are also possibly impacted by the abilities of the teachers themselves. Proportionally, Wales has fewer specialist science teachers, those with a specific Biology, Chemistry or Physics degree, than England and Scotland (Royal Society, 2007). However, it is acknowledged that more research is required into the impact of these numbers on the academic outcomes of pupils.

It is important to note that whilst PISA is used by many countries, not just Wales, to inform changes to education policy, there are issues with how seriously countries take these results. The proportion of pupils tested varies wildly between countries resulting in sampling issues. In 2009 both Austria and Japan had a similar number of entrants, despite Austria’s relatively small population of 8 million to Japan’s 126 million (Fernandez-Cano, 2016). This can lead to statistical issues in the results from some countries. In an open letter to the OECD’s director of PISA, a number of signatories argued that the three-year nature of PISA leads to short term changes and fixes, reducing the effect changes could have over a number of years (Meyer et al., 2014). Meyer et al. (2014) also question as to whether the emphasis on just three academic subjects reduces young people’s development in other areas, such as in artistic skills or moral and ethical development. 

For science, a focus on PISA has the potential to reduce scientific literacy. Sjøberg (2018) suggests that as education systems choose to move towards an inquiry-based teaching method, advocated by Holbrook and Rannikmae (2009), pupils perform worse in PISA. PISA does not assess any practical skill the students could have, and so does not lend itself to evaluating inquiry skills. This does, however, depend upon the definition of scientific literacy one decides to subscribe to. As previously discussed, this is no consensus on what scientific literacy is and it is valid to define it as scientific knowledge and understanding as opposed to practical skills.

Methods of improving scientific literacy
There is a school of thought that discusses how engagement and understanding in science can be improved by developing students’ literacy skills. Glynn and Muth (1994) suggest that participating in reading and writing activities within science helps pupils to become familiar with concepts as well as the scientific method and understanding. Language and literacy developments lead to improved scientific literacy in young people (Yore and Treagust, 2006). Again, it is important to investigate what form of scientific literacy is being discussed here. There is an emphasis on knowledge and understanding, as opposed to the soft skills of science (Glynn and Muth, 1994). It is also important to note that literacy in science is not as simple as reading comprehension. Pupils also must be able to process images such as graphs which can often contain most of the information. They will need to be able to interpret this data in order to fully understand what is in front of them (Norris and Phillips, 2003). In 2013, the Literacy and Numeracy Framework (LNF) was introduced in Wales with the specific aim of improving the skills of learners. However, Estyn (2015) did not see the expected gains in literacy skills in the first two years of the programme and in their most recent Annual Report, they found that literacy development across the curriculum in the secondary setting was inconsistent (Estyn, 2018). Once the LNF is fully embedded and schools have embraced the changes, it would be interesting to see if there was an impact on science achievement.

Vieira and Tenreiro-Vieira (2016) suggest that improved literacy itself does not necessarily lead to improved scientific literacy, but an improvement in critical thinking and metacognition will. Pupils should be presented with information and problems that allow them to use their thinking abilities and encourage them to formulate questions around the text. This can then allow learners to evaluate claims in light of the evidence in front of them (Tsai, 2015). Evaluation using scientific evidence is explicitly tested by PISA. The ability to consider evidence to solve a problem and monitoring your comprehension of text are examples of metacognitive activities; activities that allow the learner to develop an awareness and understanding of their thought processes. Metacognition increases the independence of learners (Thier, 2010) and can help them to link scientific knowledge learnt previously with new information (Glynn and Muth, 1994). Thier (2010) suggests there is evidence that improvements in metacognition lead to improved understanding in scientific literacy, especially within physics and written work such as laboratory reports. However, she does acknowledge that this is just one strand to improving scientific literacy and learners need explicit teaching and instruction. This is also supported by Glynn and Muth (1994) who report that students taking charge of their own learning can sometimes lead to misconceptions in science.

Summary
Whilst scientific literacy is identified as crucial to science education and understanding, the meanings behind scientific literacy are confused. Wales is currently developing new approaches to tackling poor pupil performance when compared to the rest of the United Kingdom but may be placing too much of an emphasis on PISA results. Despite issues, PISA testing is currently one of the most common and understood ways of measuring scientific literacy so perhaps it is best for Wales to use this to measure its own progress in the coming months and years as it begins to develop its new curriculum. It is important that Wales ensures its change is research based due to the varied nature of scientific literacy definition and the multiple suggestions of how best to improve the abilities of learners in Wales.

School Policy and Practice
There is no explicit provision for improving scientific literacy in the school’s department improvement plan (DIP) (Appendix 1). However, there is discussion surrounding improving examination techniques, which could include strategies for improving metacognition such as breaking down exam questions and reflecting on one’s results and methods of answering questions. This can be seen in the provision for increasing dedicated improvement and reflection time (DIRT) for pupils. Improvements in metacognition can improve outcomes in scientific literacy (Vieira and Tenreiro-Vieira, 2016).

Through discussion with teachers within the department, it became clear that there was little specific concern for scientific literacy and how improving this could improve examination results. This could, perhaps, be due to how vague the term can be or due to how highly achieving the school currently is with 92.4% of key stage four pupils attaining A*-C in GCSE Science in 2018. This became obvious when I was carrying out my research, where there was little enthusiasm or interest in my results from the department.

The Science course at School X is primarily delivered via the medium of booklets. Pupils are given a booklet for each topic which contains definitions and concepts as well as questions. These are then worked through during the lessons. This method can help improve the pupils’ comprehension and literacy skills which, in turn, should help improve the scientific literacy of all learners in the school (Glynn and Muth, 1994). 

Methodology & Ethics
The research I have chosen to undertake focuses on analysing a method of improving pupils’ scientific literacy. This is of importance in Wales due to the poor performance in both PISA and GCSE when compared to other countries in the United Kingdom. There has been a focus on general literacy via the LNF in Wales, but not towards scientific literacy. Although, as previously discussed, this should start to change as the new curriculum is developed and used.

I specifically chose to assess the pupils’ ability to interpret and evaluate data using PISA questions. The pupils were given a pre test, a teacher intervention, and a post test. The pre and post test consisted of the same real PISA questions from the 2015 tests and the research followed an action research method.

Action research (AR) generally uses an investigation or intervention to understand how learning can be improved (Stringer, 2013) and, during my research, was found to be used in many studies (Glynn and Muth, 1994; Tsai, 2015; Vieira and Tenreiro-Vieira, 2016). Unfortunately, AR does not have a specific methodology and format and so can lead to ‘fuzzy’ and unclear results. Nevertheless, AR is used in much educational research, primarily because it can be undertaken in situ within a classroom (Cohen, 2000). It emphasises the ‘teacher as researcher’ role that is much desired within Welsh education (Welsh Government, 2015) and helps to bridge the gap that exists between educational research and practice in a real classroom (McKay and Marshall, 2001). As such, when compared to other methods of investigation, AR can have a minimal effect on pupils’ usual classroom behaviour. However, due to the role as researcher and teacher, Kock (2005) suggests that AR can lead to subjective results. The researchers are often heavily involved in either the outcomes or the classes and personal biases can affect results. Results can also be heavily affected by how small the sample size usually is (Cohen, 2000). Due to samples typically being classes and within one school, this can lead to biased results. Single school samples could be positive depending on the use of the results. If the research is being carried out by a teacher for use by the same teacher, it is important that the focus is on the environment they usually work in. The problems are identified by the community and carried out by the community for the community (Walter, 2009).

McKay and Marshall (2001) argue that AR does not always allow for easy identification of causal relationships. Whilst it may seem clear that the intervention has led to the improvements, this conclusion cannot always be made. As such, AR can be looked down upon by academics preferring a more scientific approach. Taking these critiques into consideration, AR was chosen as the preferred method of data collection as it had minimal impact on the learning and activities of the pupils involved in the research and took the time constraints I had as a student teacher into account – other methods, such as a questionnaire, would have been more time consuming.

The research uses a pre and a post test in order to evaluate the impact of the intervention on learners. Marsden and Torgerson (2012) discuss the design and methodology of this form of testing including highlighting that some improvements by the pupils could be due to the test itself. If the same questions are used in pre and post testing, the learners could remember the questions or undertake some extra research between tests. However, the use of different tests could also affect the results if the topics were not similar. As I chose to use real PISA questions, it would be hard to source alternative questions based on the same topics and so I chose to use the same pre and post test. This will be considered in the evaluation. It is also good practice to use a control group who do not undertake the intervention in order to fully observe and evaluate the impact (Marsden and Torgerson, 2012). Unfortunately, I only had access to the single year 9 class so to choose to use a control group would reduce the number of participants in the intervention and increase the error in any results. There are also ethical implications in choosing to use a control group that were not considered in the university process discussed later. I tried to mitigate the impact of using the same pre and post test by not revealing to the participants that the questions would be the same and not revealing marks or answers in between the two tests.

I also considered using interviews or questionnaires with the pupils as they would allow me to assess how the pupils felt about the intervention, as well as looking at their academic results. However, both methods can be extremely time consuming to perfect questions and carry out piloting (Bell, 2005) and I did not take the ethical considerations of using these methods into account.

The research activity had to consider the ethical process of the University of Wales, Trinity Saint David. Due to this, I had to examine the purpose of the activity and the methods used, as well as describe how I would treat the sensitive data and consider the needs of the pupils (Appendix 2). The ethics process and guidelines are heavily informed by the Ethical Guidelines for Educational Research (BERA, 2018). Ethical considerations had to be made not only for the welfare of the participants, but also to data confidentiality.  It was made clear to the participants at the start of the research that the data was confidential, it would be anonymised for the purposes of this essay and that they could withdraw from the research at any time without consequence.

Evaluation
The study was based on action research principles. The pupils undertook a test consisting of four PISA questions (Appendix 3) before participating in an intervention. In the next lesson, the intervention, based on improving the participants’ metacognition using inference squares, was undertaken before sitting the same set of questions in a third lesson. In total, the three sessions were two hours; one hour for testing and a second for the intervention itself.

The participants in the study were pupils from School X. All participants were from the same class, a mixed ability triple science year nine set, and are currently preparing for their GCSEs a year early. Initially, 25 pupils were set to participate; 8 boys and 17 girls. However, 3 pupils missed the pre test and 1 pupil missed the post test - these results have been removed from the sample. As previously discussed, a control group was not used in this study and no previous attainment or ability was taken into consideration during the research.

Tests
For the questions in the test, PISA questions were used. PISA materials can be downloaded from the OECD website[footnoteRef:1], including mark schemes. In the marking schemes, answers are marked with full credit, partial credit or no credit for an incorrect answer. This was translated to questions being given 10 for a full credit answer, 5 for a partial credit and 0 for no credit. Some questions were not eligible for partial credit and so were marked with 10 for full or 0 for none. The total highest score possible was 120. The answer formats included multiple choice and short answer questions. Whilst there are issues with the use of PISA (Fernandez-Cano, 2016), PISA questions were used as PISA is widely used to define and assess scientific literacy across the globe. Bybee (2009) suggests that learners with greater scientific literacy are able to explain phenomena with precision, which is measured by the OECD in their PISA testing. Some of the questions, although not those used in this study, also include ethical decisions which do not have right or wrong answers. This reflects the definition of a societal scientific literacy suggested by Holbrook and Rannikmae (2009). The specific questions were chosen as they were topics the class had covered in their previous school year and so the learners were not presented with new concepts. [1:  https://www.oecd.org/pisa/pisaproducts/pisa-test-questions.htm] 


The questions were given to the pupils in their original PISA format and the participants were given 30 minutes for each test before and after intervention. The same amount of time was given to help keep the test fair. With hindsight, it may have been beneficial to alter the tests in order to make the format more familiar to the pupils, but the original format is clear and altering this may have affected how the participants would interpret the data. During the post test, the pupils were given inference squares to aid them in answering the questions. Of the twelve questions on the test, three involved interpretation of scientific data and would have been suitable for the use of an inference square. Due to the lack of a control group, it was decided that the pupils would be instructed to use and inference square for two of the questions to allow some form of comparison.

Intervention
The intervention took place during a 60 minute science lesson where the learners were introduced to inference squares. There are two previously discussed methods of improving scientific literacy in learners: improving their general literacy (Norris and Phillips, 2003; Yore and Treagust, 2006) and improving their metacognition (Their, 2010; Vieira and Tenreiro-Vieira, 2016). Due to the short timescales during the research, it was not feasible to put an intervention in place to improve the learners’ literacy skills and, therefore, it was decided to concentrate on a method of improving the metacognition of the pupils. The participants should be encouraged to directly consider the thinking involved when answering their questions and this can be done by training them in inference (Kispal, 2008; Vieira and Tenreiro-Vieira, 2016; Lockyer, 2018). One method that can be used to do this is to use inference squares (Figure 1). Nottingham (2017) suggests that inference squares are useful in assisting learners in understanding the information in front of them and to sequence their ideas and thoughts to aid them in answering the question. 
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Figure 1: Inference Square (Nottingham, 2017)
The inference square shown to the pupils was modified from the example in Figure 1. The participants were shown how to break down the information in the question into “What is the question asking you about?”, “From reading the information, what do you already know?” and, finally, “What are your conclusions?”. I chose to remove the word infer as some pupils may not understand what that means which, potentially, could have led to further confusion. Using example PISA questions not used in their testing, the use of the inference square was modelled. The pupils were then expected, whilst working in groups, to repeat the process for two further examples which were then discussed as a class before working independently on a final question. Kispal (2008) suggests that, whilst there has been little research into specific strategies to improve inference, participants’ skills can be improved by using modelling and through group work. This allows the pupils to voice their decisions and thought processes and enables them to understand why they made certain inferences. The questions were chosen as each had a different method of presenting data, such as in a recipe, images or a graph. Norris and Phillips (2003) highlighted the importance of being able to interpret different forms of data in order to become and be scientifically literate.
 
The participants were engaged during this lesson and many voiced that they had met the method before in humanities subjects, such as Religious Education. Despite this, many struggled to grasp how to use the inference squares. It was unclear whether this was caused by applying their previous knowledge to a new problem or whether the pupils were not as familiar with the method as they described. All learners made good progress by the end of the lesson due to the number of examples and applications. However, it may be beneficial for the intervention time to be increased if this research was to be re-investigated in the future.

Results
Looking at the data, the mean and median for the post test was higher than in the pre test (Table 1). This would imply, at first glance, that the participants’ performance was improved by using inference squares. However, it must be noted that the pre and post tests comprised of the same questions and, so, it is highly likely natural learning had taken place (Marsden and Torgerson, 2012).

	
	Mean total mark
	Median total mark

	Pre test
	65.5
	70

	Post test
	72.1
	80


Table 1: Mean and median totals
The improvement is, approximately, the equivalent of one extra full credit answer. During the post test, the pupils were instructed to use an inference square for questions 1.1 and 2.1. Question 4.1 was also identified as a possible intervention question, but the pupils were not asked to use an inference square for this question.

	Question
	Mean pre test
	Mean post test
	Difference
	Median pre test
	Median post test
	Difference

	1.1
	2.4
	4.3
	1.9
	0
	0
	0

	2.1
	2.4
	2.9
	0.5
	0
	5
	5

	4.1
	6.7
	5.7
	-1.0
	10
	10
	0


Table 2: Mean and median for intervention questions
From table 2, it appears that the use of inference squares may have influenced the performance of the participants. The two questions where they were instructed to use the inference squares saw an improvement in the mean, although a very small one, whereas there was a decline in performance for question 4.1. However, if we look at the median mark, there was little difference regardless. This becomes clearer if we compare the pre and post test results for questions where the inference squares were not appropriate (Table 3). 




	Question
	Mean pre test
	Mean post test
	Difference
	Median pre test
	Median post test
	Difference

	1.2
	9.5
	9.5
	0
	10
	10
	0

	1.3
	8.1
	8.6
	0.5
	10
	10
	0

	1.4
	7.1
	7.6
	0.5
	10
	10
	0

	2.2
	2.4
	4.7
	2.3
	0
	0
	0

	2.3
	4.7
	7.6
	2.9
	0
	10
	10

	3.1
	4.3
	5.2
	0.9
	0
	10
	10

	3.2
	1.9
	2.9
	1.0
	0
	0
	0

	4.2
	7.1
	6.2
	-0.9
	10
	10
	0

	4.3
	8.3
	7.9
	-0.4
	10
	10
	0


Table 3: Mean and median marks for general questions
Some of the improvements in the means, particularly those for questions 2.2 and 2.3, were larger than the improvements seen in the questions using the inference squares. There was also a larger increase in the median scores for these questions with two having an increase of 10. This would imply that the improvements seen could be attributed to the natural learning due to the use of the same questions in the pre and post tests, despite the efforts made to mitigate the issue. It is interesting to note that this did not seem to impact any of the parts of question 4; performance declined in both the data interpretation question and science knowledge questions. This may be caused by using the inference squares. The participants were given the same amount of time to complete each of the tests. This means that in the post test, the pupils were expected to both read, process and answer the questions as well as complete and use their inference squares. The difference in the means for all parts of question 4 implies that time constraints may have led to either not answering these questions, or not comprehending them correctly. In fact, three of the participants did not attempt any parts of question 4 in the post test, whereas all participants made an attempt in the pre test. The full results can be seen in Appendix 4.

Overall, 57% (12) of the participants performed better in the post than in the pre test with 19% (4) performing worse. The rest showed no change. Pupil 16 showed the largest difference in results. Their score in the post test was 65 marks lower than in the pre test. By examining their papers, many of these marks were lost due to a non-attempt at question four. In the inference squares (Appendix 5), pupil 16 has tried to use them, but not correctly. Their conclusion was either crossed out or not completed and the correct information was not picked out from the data. It appears the participant struggled to use the square and this led to them running out of time to complete the paper. In contrast, pupil 8, the only participant to improve in both question 1.1 and 2.1, was highly successful with their inference squares. Both were fully completed with clear inferences and conclusions being made based on the scientific information in front of them (Appendix 6). In future research, it would, perhaps, be appropriate to evaluate the participants’ abilities in using the inference squares before embarking upon testing. This was not possible in this study due to time constraints in the classroom.


Conclusion
The results do not support previous findings that supporting learners to improve their metacognition will improve their scientific literacy (Thier, 2010; Tsai, 2015; Vieira and Tenreiro- Vieira, 2016).

Whilst there is clearly an improvement in the scores in the post test, this cannot be attributed to the use of the intervention. Whilst, initially, it did appear that the inference squares improved outcomes, it became clear that improvements were seen in questions where the participants did not use them. This could be credited to the participants having been exposed to the questions before and the natural learning that occurs due to this (Marsden and Torgerson, 2012). It is also the case that the participants could have performed more highly had they not used the inference squares. As previously noted, performance on the final question dropped which could have been caused by time having been spent on the inference squares at the detriment to completing all the questions satisfactorily, if at all. One reason for an improvement in the scores may simply be due to participants reading the questions more fully. By using the inference squares, the participants were encouraged to note what exactly the question was asking them. This may have altered their reading of all the questions in the paper and enhanced their understanding of the queries. The act of having to use inference squares may have improved the pupils’ literacy skills, albeit temporarily, which has been shown to impact upon scientific literacy skills (Glynn and Muth, 1994; Yore and Treagust, 2006).

The method chosen to raise the participants’ metacognition may not have been the best choice. Nottingham (2017) points out that inference squares are mainly used in humanities and literacy-based subjects in order to enhance understanding of the information in front of pupils. It may be that this does not translate well to use in a scientific context, especially where learners must make sense of information in many different forms (Norris and Phillips, 2003). There may be scope to use this type of intervention, but future research should investigate whether the format and framing of the questions, such as “What can you infer?”, could be altered to be better suited for use in science. It is also important to note that this research was conducted under short time scales in order to have minimal impact on the participants’ school progress. Perhaps an increase of time in the intervention phase would ensure the pupils fully understand how to best use the inference squares. It is possible that this could have a large impact on results. Previous studies, such as that by Vieira and Tenreiro-Vieira (2016), focused on in-depth improvements in metacognition using critical thinking and argumentation skills, whereas inference squares are surface-level interventions. There is no focus on changing exactly how the pupils think, but rather on how they decipher and understand the question in front of them. If an alternative method had been chosen with, potentially, longer term impacts on the participants, this research may have found results that supported previous findings. Again, this was mostly due to time constraints within the classroom and school environment.

Previous studies used a different methodology. Whilst they did use an action research approach, Tsai (2015) used a control group. A control group was not used in this research in order to minimise impact on the learners as well as due to having a small sample – Tsai had a sample of 150 compared to 21 in this research. The evaluation of results was also carried out in a different way. Previous studies used more rigorous statistical analysis on their results in order to understand and highlight the significance of their results (Yore and Treagust, 2006; Tsai, 2015; Vieira and Tenreiro-Vieira, 2016). These studies calculated error values, interquartile ranges and standard deviations, as well as comparing the median and mean values of their results. A more in-depth analysis on the data in this research may have produced a different conclusion, but this is unlikely. Results were also broken down into different components. For example, Tsai (2015) measured scientific literacy by assessing ability in using scientific evidence and explaining phenomena, among others, separately and found different results for the different component parts of scientific literacy. Future research may want to examine the use of inference squares in terms of their impact on elements of scientific literacy, rather than as a whole. This would also allow a closer examination into their impact on the different definitions of scientific literacy as discussed in the literature review.

Other aspects of scientific literacy could also be examined in the future. PISA questions do not assess a pupils’ inquiry skills (Sjøberg, 2018) and, therefore, it may be pertinent to investigate an alternative method of measuring scientific literacy. This was not considered in this study as the time was not available to develop an alternative method and PISA testing is widely accepted globally as a measure of scientific literacy (Bybee, 2009).

In summary, the results show that inference squares as a method of metacognition improvement do not improve scientific literacy in secondary school pupils. This may be due to the methodology used during the research as well as in the analysis of the results, and not solely due to inference squares themselves being inappropriate. Future research should investigate whether changing the methods of used would have an impact on the scientific literacy of the participants.

Limitations
The largest limitation in the study was the time constraint. This affected the choice of intervention, as well as the research methodology and statistical analysis. The choice of intervention had to be explained and carried out in a single lesson. As I was on professional teaching experience (PTE), I taught the class for a single lesson a week and only had four weeks in which to undertake my research. I did not have the opportunity to choose an alternative class as this would have meant choosing a year 7 or 8 class – not an appropriate age to be answering PISA questions. The four lessons with the chosen class had to also include a test of their previous topic of learning and so this left only three in which to undertake research. I feel the research would have greatly benefitted from an introduction to PISA and PISA style questions before any testing as well as from extended intervention time. As previously discussed, it appeared that some of the participants did struggle to use the inference squares and, had they felt comfortable, they may have seen a greater improvement. I would be interested in continuing to trial ideas with classes as part of my continuing professional development and will ensure there is ample time in which to do this. For my personal development, I would also be interested in understanding more about statistical analysis and research methodology. Whilst this will not necessarily directly impact my teaching, it would be beneficial to fully understand the statistics and methods in research papers in order to realise the impact the work could have on my practice as well as any future academic work I may choose to undertake as part of a potential future Master’s.  

In a future classroom environment, when carrying out any different ideas, I would want to get the pupils’ opinions on those ideas. They may not always correlate with greater academic success, but instead with improved wellbeing in the learners. In this research, I was not able to question or interview the pupils’ as to their thoughts on the inference squares due to ethical implications from the University. In my future development, I will have informal chats with the pupils’ in my room at every opportunity to ensure they are comfortable and feel that any interventions are beneficial to them.

From an academic viewpoint, the lack of a control group is a problem. It prevented me from using different pre and post tests which, in turn, has most likely affected the results of the research. This may not be an issue during my teaching career. I would have the opportunity to repeat any intervention with different classes and in different scenarios in order to assess any impact and my research outcomes would be more anecdotal rather than having to be presented in an academic context. The ability to use different classes in the future would also help mitigate the limitations caused by the size of the sample. 

In education, it is common for research to be collaborative within the community (Walter, 2009) and one limitation in this work is that all research and investigation was carried out by one person. For any future classroom enquiry, I would like to be able to work with others by joint planning and discussing reading and others’ practice and my own. Collaboration can only improve my practice throughout my career.

As a trainee science teacher, I am very interested in improving learners’ scientific literacy. Scientific literacy is necessary for them to navigate and exist in a world with increased technology and emphasis on science as noted by Millar (2016). This can be seen in the current debate surrounding vaccinations and climate change. Learners should be able to process and understand the concepts being discussed in order to engage and think critically of the scientific evidence in front of them. Throughout this whole process, I was exposed to problems with and potential solutions to Wales’ level of scientific literacy. To help with my development and, hopefully, my future pupils’, I would like to be able to carry on reading and researching into scientific literacy. This would include investigating the impact of more than one method, as in this research, and on several aspects of scientific literacy. It would have been interesting to have been able to do this in this current work, but the previous limitations prevented this from being possible.
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