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[bookmark: _Toc33743070]Introduction
[bookmark: _GoBack]The research was undertaken at a comprehensive school in West Wales with 909          pupils. The School was inspected in 2014 and only a majority of the pupils, that Estyn observed in lessons, were competent readers with the ability to utilise different resources and extract the information that they required. Analysis and evaluation of resources was only successfully completed by half of the pupils that were observed (Estyn, 2014). In November 2019 Estyn found the School had not made sufficient progress and it was put into Special Measures (Estyn, 2019).
PISA performance by pupils in Wales is poor as pupils appear to lack the level of scientific literacy, that is required to successfully answer PISA type questions (OECD, 2014). Dale (2016) concluded that even though different teaching methods were being introduced, this aspect was not improving.
The intervention chosen for this research was to use inference squares in KS3 science lessons. The research focused on whether the use of inference squares, as an intervention, had a positive or adverse effect on the pupils’ ability to answer PISA type questions.


[bookmark: _Toc33743071]Literature Review
Scientific literacy is a term that has been broadly used in science education for many years and is still frequently used, even though currently there are wide ranging definitions (Dale, 2016).  Different educationalists have attempted to define and clarify the term (Bybee, 1997).  Since Hurd (1958) introduced this term, it is a subject that has been debated frequently in terms of the teaching of science (DeBoer, 2000).  This is further confirmed by research undertaken by Roberts (2007), who referred to research carried out by Millar (2007), Osborne (2007) and Hodson (2008), that no agreement can reached when defining scientific literacy.
It is evident that scientific literacy is a prominent topic for educational research, particularly the impact it has on technologically developed populations (Bybee, 2011). Even though scientific literacy is dominant theme in science education, disagreements often arise in relation to the definition (Dale, 2016).
According to the OECD (2013), being scientifically literate means confidently engaging in scientific issues and having the ability to reflect upon them, being able to confidently discuss concepts related to science and technology and interpreting data and evidence using scientific methods.  Hurd (1998) suggests science education has always considered making links between scientific knowledge and the real world. He further points out that scientific literacy must be an aim of science education. Bybee (1997) supports this concept, stating that education needs to ensure the scientific literacy of all learners. Hodson (2008) also concludes that being scientifically literate is a necessity, as otherwise pupils simply duplicate information that they are taught and will not be able to apply it to real life. This idea is further supported by Norris and Phillips (2003) that scientific literacy is vitally important, as without it pupils will lack the skills for comprehension, interpretation and analysis of scientific data. Their definition is focused on being able to understand science application, as opposed to having a wide knowledge of science. This further expands the meaning, linking it with the ability to read, write and communicate in science, leading to pupils, who form ideas, communicate with others in a science context and problem solve. Scientific literacy focuses on pupils being able to relate and deal with science related issues in everyday situations, which develop individuals with an ability to deal with science as part of global society. According to Roberts (1983), scientific literacy is very broad and it had reached a point where it was simply being used as a slogan for teaching science in schools.
[bookmark: _Hlk28965141]Regardless of the numerous definitions, scientific literacy remains a term which continues to dominate the teaching of science and is often used to instigate changes in the science curriculum and debate as to the most successful methods to use in the teaching of science. In addition to the numerous definitions, there has also been a great deal of research on how it can impact on society (Bybee, 1997).  Roberts (2007) outlines two different “visions” of scientific literacy. The first refers to scientific literacy as having a subject knowledge of science, whereas the second outlines it as a knowledge of science, that pupils come across throughout their lives. He further concludes that PISA focuses more on the science, that pupils will encounter daily throughout their school life.

Scientific literacy is a term which has been utilised in the field of education since the 1950’s, but Laugksch (2000) argues that it should have a broad definition, which allows teachers to use teaching methods and practices that best suit their particular group of pupils. It is considered that this would lead to an improvement in understanding, which could be used throughout life and not just increase scores on PISA tests. 
[bookmark: _Hlk28965181]There are many implications for the teaching of scientific literacy in schools. Aikenhead (2007) suggested that there were two visions of being scientifically literate. The first vision is where pupils are engaged so it appears that they are learning in a meaningful manner however they have not achieved a high degree of scientific literacy. The second vision relates to pupils being able to culturally relate their school science and therefore develop and become more scientifically literate.
[bookmark: _Hlk28965206]Research suggests that the focus of teaching science has been on providing pupils with a large amount of content, which is detrimental to the development of confidence and an understanding of the processes that are used. The science curriculum has been too content based. Norris  and Phillips (2003) believed that pupils needed to have a knowledge of science to enable them to understand how science affects society. Roberts (2007) concluded that the different definitions and views of scientific literacy needed to be bought together within the curriculum to be beneficial for pupils. 
[bookmark: _Hlk29059714]The Programme for International Student Assessment (PISA) is a worldwide programme which is run by the OECD (Organisation for Economic Co-operation and Development) and was first carried out in 2000. PISA tested scientific literacy, reading and maths. Scientific literacy is further defined by the OECD, as having the ability to utilise concepts of science and form conclusions from the evidence that has been identified. From this knowledge a scientifically literate pupil would be able to relate this to real life situations in the world and the affect humans have had upon the environment (OECD, 2013).  The OECD recognised the difficulties arising with scientific literacy and in released a new definition which focussed on having the ability to focus on scientific issues and the ability to be reflective, moving away from content and knowledge (OECD, 2013).
Following on from devolution, Welsh Government formulated its own education policy (Reynolds, 2008). Qualifications Wales now deal with all aspects of qualifications in the Welsh Education System.  Since 1988, there has been an increasing emphasis on standards in welsh education. The Welsh Government has continuously attempted to improve these standards, but with little impact. In September 2013, The Welsh Government made the National Literacy and Numeracy Framework (LNF) a statutory requirement in every school’s curriculum in Wales. It introduced this framework as a priority as a way of raising standards. 
In spite of this Wales is still falling below the rest of the UK (Jerrim and Sture 2016). The NFER Report (2015) identified areas of concern such as linking information to questions, pupils’ inability to deal with long worded introductions and relate information to real life situations, which is a requirement when answering PISA questions. It was further identified that pupils needed an understanding of science that surrounded them and application to the real world (Donaldson, 2015). Even though the Welsh Government responded by formulating a variety of resources to support both teaching learning, it appears that there is still a lack of resources and teaching of scientific literacy and a lot of debate about how best to teach science (Dale, 2016).  This has been highlighted by data from Programme for International Student Assessment (PISA) surveys, Estyn Reports and the results of national tests and examinations at all levels. This was also highlighted in a report produced by the Organisation for Economic Cooperation and Development (OECD 2014). This is one of the leading motivators for improvement, as if a country has an inadequate education system, there are concerns about that country’s competitiveness in a global market (Donaldson, 2015).  Roth and Barton (2004) support this view, criticising the curriculum as being too focused on achievement of specialist scientific knowledge, not applicable to real life situations and lacking in opportunity to carry out practical work. This was further supported by Sjostrum et al (2016), that there is a need for a curriculum that encourages pupils to study scientific topics that affect the environment and society today. 
Donaldson (2015) confirmed that a current definition of scientific literacy would lead to learners in science needing to have a knowledge, that would enable them to make decisions, that affect the environment around them and the whole of society. He explained that pupils need to be able to apply critical thinking to different scenarios and to be aware of the importance of the issues of sustainability and different cultures. In the teaching of science, practitioners need to be aware of the impact that producing scientifically literate learners will have on society as a whole and the positive impact it would have on the environment. Pupils need to develop a curiosity, to think scientifically, to have opportunities to investigate ideas and concepts. He further explained that in order to assist in the development of scientific literacy, pupils need to have opportunities presented to them explain their newly formed knowledge and what they have learnt, to other pupils.  This was a view that was also held by Durant (1994) and Sjosturm (2017), however, Newton (2018) argues that there is still a need for pupils to gain a knowledge of science.
Aikenhead (2007) concludes that some definitions of scientific literacy, fail to take into account that the background of students varies both culturally and ethically. This leads onto the belief that the teaching of science in school will lead to a society which is unjust and some students will not be well enough equipped to support a just society.  Sjostrom et al (2016) supported this research, suggesting that the current curriculum does not support future generations. Society will not be equipped to deal with the environmental concerns and issues of the future. Society will need more than just a scientific knowledge.
Earlier research carried out by Durant (1994) had also concluded that in society there is a need for critical thinking, that many in society leave school unable to process scientific information. Durant went further to state that formal education was the cause and that the curriculum needed to be more inquiry based to encourage and develop discovery and curiosity. Durant (1994) held the same opinion as Donaldson (2015) who refers to pupils’ ability to think, investigate and explain.
It appears that the conclusion of most research indicates that scientific literacy is important. Being scientifically literate can benefit an individual both morally and intellectually. Within society scientific literacy proves important, as if a large proportion of the population are scientifically literate, they will be in a position to deal with the aspects of science that they encounter daily. In turn, this would lead to an improvement in the economy (Hodson, 2008). 
Laugksch (2000) concludes that scientific literacy has two main definitions. The first refers to a pupil’s ability to read and write terms that are scientific terms. Millar (2006) concludes that the definition of scientific literacy should be broader than this. This is supported by Norris and Phillips (2003), who point out that scientific literacy should refer to the comprehension, interpretation and analysis of science. The second definition of scientific literacy put forward by Laugksch (2000) develops the theory of pupils gaining knowledge of science (Norris and Phillips 2003).
Despite the wide-ranging definitions of scientific literacy, the definitions all focus around the importance of the application of skills, as opposed to simply a knowledge base (LNF 2013). This needs to be the focus of importance through all subjects, to ensure that as many pupils are as literate as possible (Roth and Barton 2004). This was supported by Bybee and McCrae (2011), who indicated that scientific literacy was linked to reading and then applying that skill to Science. There is also close evidence to show that there is a link between the progress of pupils who have an interest in science, being more scientifically literate (Bybee and McCrae 2011).
Finally, in Wales, although little appears to be being implemented to drive improvements in scientific literacy (Dale 2018), the introduction of the new Welsh Curriculum “Successful Futures” focuses on changes to the way science is taught, which may lead to a positive impact on improvements in the scientific literacy of an increased number of learners and their success in PISA. In the latest PISA tests there has been an improvement since 2015, but the pupils in Wales have lower scores than England, Scotland and Northern Ireland even though the scores are closer to the international average than they have been previously (BBC, 2019).



[bookmark: _Toc33743072]School Policy and Practice
In the past two years a new Headteacher has been appointed to the School and a new organisational structure was established last September. The numerous departments have been amalgamated to form seven areas of learning, based loosely in line with NCW and the recommendations in the report produced by Donaldson in 2015. The areas are: 
· Maths
· ICT
· Science: Physics, Chemistry and Biology
· Performing Arts and DT: Music, all DT areas and Art and Photography and Graphics
· Health and Well-being: PE, PSE and Vocational
· Communication: English, French and Welsh
· Humanities: History, Geography and RE
Each Area of Learning (AOL) is led by an Area of Learning Lead (AOLe) and there are no Heads or Seconds in the AOL or for each particular subject. Each area of learning comprises of a large number of pupils and in some cases a variety of different subjects. The Area of Learning Leads make up the middle management tier of the School and are the TLR holders. The School encompasses fully the LNF/ DCF and the ESDGC.
The School follows Close the Gap marking and this marking policy is used by all members of staff in the School at both KS3 and in some subjects at KS4, if it is suitable. In the Science Department Action Research is being carried out by members of the Science Department into a slightly amended ‘Close the Gap’ marking policy. This Action Research is still ongoing at the time of writing.
A new Area of Learning Lead for Science was appointed in January 2019. The newly appointed AOLe has put together a Department Improvement Plan addressing all the areas within the Department that required improvement. The plan focuses upon applying consistent approaches across the department in all areas, both teaching and learning and behaviour management; implementing the new marking policy and monitoring it’s impact; produce new schemes of work, lesson plans and resources at both KS3 and 4; use a range of different of different strategies and increasing the wider understanding of the impact of science in our society whilst rewriting KS3 schemes of work, to include local, national and international awareness with schemes of work, to include local, national and international awareness with particular reference to the world of work.
Prior to the appointment of the new AOLe, there was also a great deal of inconsistency in the staff teaching science as a number of teachers retired or moved to other posts and the classes were being taught by a number of different supply teachers. Full time science teachers have also now been appointed throughout the department.
Throughout the new Schemes of work at KS3,4 and 5 there have been a number literacy and numeracy tasks incorporated into each unit. This is in line with a whole school policy to improve literacy and numeracy throughout the school. For each of these tasks there are marker stickers and pupils self-assess their work to show understanding and improvement. The literacy tasks are aimed at improving scientific literacy as they encourage pupils to read and understand the questions that are being asked of them. At KS3, which is the focus group of this study, there is more focus on subject knowledge, particularly in Year 7, but writing and literacy skills are gradually introduced throughout in preparation for KS4 and GCSE courses.
For each Unit at KS3, there are Unit tests. These tests have a duration of 40 minutes with the questions and question structure gradually increasing in difficulty. The initial test questions are very basic with the later questions being more PISA style-based questions. These have also been introduced in the last year.
Inference squares are an intervention that have not been used in the Science Department previously, so these are a completely new study tool for the pupils. Inference squares and improvement of scientific literacy were concepts which linked well into the Department Development Plan as the department are looking for different teaching strategies and SOW where introducing the impact of science on society. Research into the use of inference squares as an intervention and the impact it may have on the pupils’ outcomes would support the Development plan.


[bookmark: _Toc33743073]Methodology and Ethics
Action research was carried out to establish whether the use of inference squares as an intervention, could improve the comprehension and pupils’ understanding, enabling them to answer PISA type questions successfully.  The use of action research in the classroom has been considered to be a key to improve teaching (Mc Ateer, 2013).
The research focussed upon inference squares in teaching science and the impact on pupils’ scientific literacy. A pre-test was set for the pupils using PISA type questions, adapted for KS3 pupils (Fig.1). This gave a base so that any improvement that was made as a result of the intervention could be identified. 
[image: ]Fig.1









During the next lesson the inference square was introduced to pupils and they used the square to answer a similar structured question on a different topic together as a class. The inference square was used just to show the pupils how it could be used, as an aid to support their revision and examination technique.  The inference squares were introduced to the pupils to assist them in fully understanding and answering questions. The inference square is an intervention which encourages pupils to break down the information to enable them to successfully answer PISA type questions. The strategy provides a structure for pupils to use when formulating their answers (Fig.2a). It was used as a method to improve pupil engagement and encourage creative thinking and development of new ideas (Fig. 2b).  The inference square comprises of three sections:

What do I know already?
This enabled pupils to recall information that they already knew from their lessons. This was the theory required to answer the question. This is the opportunity for the pupils to write down everything they know – it also allows the teacher to see who is confident with the information and who needs more support on the subject knowledge as if they do not have the knowledge they will not have the relevant information to answer the question. It also informs the pupil as to whether they need for revise this topic more in the future.
What does the question tell me?
This section encouraged the pupils to read the question carefully and establish what was being asked. In the pre-test many pupils did not read the question prior to answering the question. All the information required for the answer was in the text and simply needed to be identified and applied to the question. It was clear from the answers, that many pupils, even though they were given instructions to clearly read all the information, still failed to answer the question correctly with some even leaving the question out.
Conclusion – what information do I need for the answer?
This allowed pupils the opportunity to put the information together and guided them with a structure to answer the question and to establish what information was required and relevant to the answer.  This final section would allow learners to focus on the actual question and not to write all the information, they know about a topic, regardless of relevance. This will save pupils time, encourage them to focus on the information that is required and enable them to achieve more marks for the question.

Fig.2a







Fig. 2b

[image: ]

A second test was given using the same or similar questions to the first test (Fig.3). After completion of the second test the data was analysed to establish whether the use of the intervention led to any improvement or whether it had an adverse effect.
The question included a short text and pupils were asked to use the inference squares prior to completing the question. The three questions used in the inference squares encouraged the pupils to fully read the question and prepare their answer prior to writing their answer on the question paper.
Fig.3
[image: ]

Action research is a useful method to collate evidence when looking at whether to include a new approach into already established teaching practice. It is often carried out by practitioners who believe that improvement is needed (Bell, 2010). This type of research is very useful in education but consideration must be given to ethics, gaining permissions and ensuring the participants identity protected. It is very important to ensure that the correct procedures are in place (Bell, 2010)
The research was carried out following approval by the university ethics committee. The research followed the guidelines set out by BERA (1992), in regard to pupils’ privacy, dignity and autonomy. Pupils will be told of their right to withdraw data from results, that data will be anonymous and in line with UWTSD data management guidelines.
Prior to any research being carried out all pupils were informed that the tasks that are to be completed, are part of a research study but that the activity was compulsory as it is part of their science lesson and their learning. They were informed that marks were anonymous, however they may choose not to allow their marks to be included in the research data if they wish, that they had the right to withdraw their data from the study. It is empirical when carrying out action research to follow the correct procedures (Bell, 2010).

Action research is now becoming a prominent and important part of teachers’ professional development and allows for direct results to be collated, which can then be implemented into their teaching practice (Bell, 2010).






[bookmark: _Toc33743074]Evaluation
The research involved using a method of intervention to improve scientific literacy in a group of pupils. There was a lot of research and data in relation to scientific literacy and the variety of definitions, however there was very little on the different interventions and teaching methods that could be used by practitioners to do this. 
The research carried out involved using two similar questions completed by the pupils both pre and post the introduction of the inference square. The research was carried out on a group of Year 7 students and the question utilised was a PISA type question which required literacy skills for understanding but also was in line with the Scheme of Work that the pupils were following
The inference square was used as a method of intervention to encourage pupils to read the contents of the question and utilise that information to support them in their answer. It was an intervention that may enable pupils to understand what is being asked of them and to achieve the maximum marks. The inference squares are frequently used as a method of intervention in subjects such as History but very little information about its success as an intervention method in teaching of science (TES, 2017).
The inference square allows learners to break the question down into three sections (Fig.1). This was an intervention that would focus the pupils and structure their learning approach to answering questions. It would provide them with the opportunity to identify and use the most relevant information. They would be able to break down the question, synthesize the information they already have and form a well-planned out answer.
The first section requires pupils to consider what they already know. This is important as to achieve high scores in PISA pupils must be able to apply the knowledge already learnt to the question (Study International, 2018).  This first section gives pupils the opportunity to be reflective and to consider prior knowledge to assist them in answering the questions. This is an important aspect in the PISA approach as reflective practice is to be encouraged (Sadler and Zeidler, 2009).  This allowed learners to reflect on prior knowledge and to consider what information was relevant and required to answer the question. It gave them a way to organise and sort the relevant information as opposed to writing down everything they knew about the topic. 
The second section in the inference square asked what information the question provided. This gave the pupils the guidance to remind them that they needed to read the text in the question to enable them to answer the question correctly. In the first test carried out before the inference square was introduced many pupils did not read the information in the question. They simply answered the question using the subject knowledge they could remember from class and left gaps for sections they could not remember. All the information they needed for the first part of the question was in the included text – very few pupils realised this and confirmed that they had not read the information in the question and simply saw questions and wrote down information that they knew. This second section in the inference square encouraged pupils to take time to think and consider the question instead of simply writing down all they could remember.
The third section was the section which allowed the pupils to collate all the information. This enabled them to formulate a concise and relevant answer to the question utilising previous knowledge and the information provided to them in the question. Pupils were able to apply their knowledge as opposed to simply rewriting what they knew. This is an important consideration for PISA questions as PISA require pupils to beyond reproducing what they have learnt in school. To achieve in PISA, pupils need to be able to extrapolate the important information, use information from one subject across to other curriculum areas (Study International, 2018)
This third section of the inference square was very important as although the reading aspect is important as PISA requires pupils to answer questions on an extended text and in  previous years the proponent of reading in the PISA question has shown a decline, PISA is more than simply a reading test (OECD 2016).  This practice is supported by research that shows that pupils often used metacognition and procedure to breakdown information to find solutions (Baker et al, 2002).
The OECD (2016) defined literacy as an ability to look at text and to understand, use, evaluate and reflect upon the information contained within it to increase knowledge and provide individuals with opportunities to participate in society. Following on from this the Welsh Government issued guidelines that all pupils should have the ability to read text that contained complex information. From this text they should be able to decipher the relevant and reliable information from that which in untrustworthy (Welsh Government, 2013)
The pupils who perform best at PISA are those who have analytical and evaluative skills and are able to synthesize the information they are provided with. The questions do however require a high degree of literacy skills to enable pupils to access the question but to achieve the pupils also need to develop literacy, numeracy and problem solving and to be confident to attempt questions which they find more difficult and require them to apply their knowledge to situations that they may not have come across previously. 
The inference square was the intervention that was chosen, as guidelines from Welsh Government suggests that to achieve in PISA teachers should not simply practise or teach to the tests but should use teaching methods that provide pupils with the opportunity to work collaboratively and use skills to solve problems.
The inference square was considered a possible method enable pupils to become more scientifically literate. According to PISA, being scientifically literate refers to pupils’ being able to gain knowledge, explain scientific concepts and form conclusions from these concepts (Dera ioe ac uk).
The skills introduced by the inference squares had not been taught to pupils either in their primary schools or in the first term at secondary school. From observations made and from question and answer sessions prior to pupils taking tests it was clear that pupils had previously been given general guidance as with any test to read question, answer all questions. They were not told that a lot of guidance would be given in the question and that on occasions some information they required for the answer may also be provided in the text to the question. The inference square provided guidance to pupils with a step by step approach to answer the question.
The inference square was introduced to the pupils in the lesson following the completion of the first test question. The inference square was used for a different question during second test question all pupils would fully understand how to use the inference square as a tool and therefore the focus would be on answering the actual question and not be hindered by pupils not understanding how to use the inference square correctly.
In the following lesson the pupils were asked to use the inference square to support them in answering a second test question that was similar in structure and content to the first question. Pupils were not given the marks or feedback on the answers to the first test to avoid any improvement in marks simply from more revision of the content.




[bookmark: _Toc33743075]Results










The data shows that 65.6% of pupils improved their test scores following the introduction of the inference square, 20.6% scored the same and 13.8% of pupils’ scores decreased. 











Of those that increased their scores, the average % increase was 12%, with 53% or the pupils increasing their overall points score by 4 or more marks.
This data suggests that the introduction of the inference square, as an intervention, was successful for a majority of pupils. When looking at the group as a whole, it appears that the use of the inference squares appeared to have maximum benefit for the high and middle achievers in the class, the lower ability pupils appeared to put their focus more on the information that they were putting into the inference square. For those pupils to maximise the benefit of the inference square, more time would be needed to ensure they understood exactly how to use it and relate it to the question being asked. When working on their own in the post test several pupils were confused as to how to use the inference square so for these pupils the introduction of the inference square would have had no benefit and may even have had a detrimental impact. Although throughout the procedure all other factors were kept the same and this improvement in achievement could be solely linked to the introduction of the inference squares as a study skill, there are also a number of limitations which could have contributed to both the increase and decrease of the scores in the post test.  These factors have been considered in the limitations section of the report. 
There may have been a familiarity with the type of question or pupils may have gained confidence in their approach as it was on same topic as previous test. It was also very time consuming and would not be possible to use in a whole exam paper.

Regardless of the limitations in the introduction of the inference square, as a classroom intervention in every day classroom practice the research suggested that it was a useful tool. Although it would be impractical to expect pupils to use it in external examinations due to the time constraints, it’s use in day to day classroom practice would appear to be extremely beneficial as it would provide pupils with a structure and approach to examination questions, which would encourage them to use their literacy skills to actually read the exam question and extract the knowledge that would be relevant to answer the question effectively. As Durant (1994), indicates that scientific literacy is linked to reading and applying it to science. It also allows the development examination technique skills that may be transferrable across the curriculum.


[bookmark: _Toc33743076]Conclusion
The research results showed that inference squares encouraged the pupils to read the question more thoroughly, gather the relevant information from their own knowledge and apply this to answering a PISA type question. There was improvement shown in the overall attainment, of the majority of pupils during the retest. This may have been due to an improvement in the way they understood and utilised the information and overall therefore, an improvement in their scientific literacy. This is in line with Avargil et al (2018), who concluded that meta cognition is vital in science and further supported by Norris and Phillips (2003), that literacy skills are fundamental to scientific literacy and that being able to comprehend, interpret and analyse texts is imperative.
The first section of the inference square, requires pupils to collate information that they already know and allows them to focus on the concepts of science (Roberts, 2007). The second section asks leaners to extract information from the question. This particular section focusses on clearly improving literacy. These are the skills that learners are required to have, to enable them to analyse and interpret scientific data that is presented to them (OECD, 2006).  The third section encourages pupils to link the two sections to form a conclusion. They should be able to relate what they know to the question. This moves away from education just being a knowledge bank and focusses on the ability to relate what they know to different situations (Roth and Barton, 2004). Pupils use this section to break down the information into sections and form solutions, which is an important factor in improving scientific literacy (Baker et al, 2002). Hodson (2003) supported this view, that scientific literacy was more than just a knowledge and awareness of science but the ability to apply it to different situations.
On reflection following the research and evaluation of the results, it can be concluded that the inference square did improve pupils’ attainment in answering PISA type questions and that as an intervention it had a positive impact in the majority of pupils’ attainment in the post test results. It is still important, however, when reaching these conclusions to remember the limiting factors that have been considered. In the future, it would be useful to carry out further action research to focus on other literacy interventions that are used across other curriculum subjects and introduce them into the teaching of science, to see if any other interventions could have a beneficial impact on scientific literacy. It would also be useful to continue using inference squares, as a way of approaching science examination questions. This would provide the opportunity to enable pupils to form a consistent approach when answering extended PISA type questions in the future, as at the current time in Wales the methods and interventions used to improve scientific literacy have had little or no impact in the results of the PISA tests (Dale, 2018).
The skills required for pupils to be scientifically literate are the same skills that are required across all curriculum subjects (Pearson, 2010). Any intervention therefore that supports or improves general literacy should have a positive impact on pupils’ scientific literacy. Scientific literacy is more important as pupils approach the end of KS4 and their GCSE examinations. In the future, it may have a positive impact if pupils were to be introduced to teaching interventions such as inference squares, in their science lessons from the beginning of KS3 or KS2. The development of literacy skills in science, would then be a natural progression through a pupil’s school life and part of the normal way of working.
Finally, the research has shown that the use of inference squares in science can be used successfully to guide and prompt pupils to answer questions in a way that they are able to utilise the relevant parts of their existing knowledge and relate it to real life situations. This is a key part of developing scientific literacy skills (Donaldson, 2015).


[bookmark: _Toc33743077]Limitations
The data from the research suggested that inference squares could improve pupils’ achievement in PISA type questions, there were a number of limitations to the study. It is often difficult to view the data objectively, especially when you know the class and pupils.
The sample size was restricted as it was limited to one Year 7 class and could have been larger to ensure the data was valid and accurate. This is a common limitation as often with educational research it is difficult to cover a large sample and inaccuracies may occur (Denscombe 2010). The timescale was also another limiting factor. The timescale was tight when trying to embed the process of using the inference squares, knowledge and process of  the research may be rushed (Bell, 2010) The inference squares were a completely new learning tool for the pupils. The way of working will have been embedded with some pupils, whereas for others it may take a series of sessions and it was apparent with the lower ability pupils that they were actually struggling with the concept of the inference square even without considering their examination technique. Consideration would also need to be given to whether some pupils had been exposed to scientific literacy than others in their primary school. Some pupils may have had access to inference squares previously as they have come from a variety of primary feeder schools. The pupils were asked if they were familiar with the intervention, however, it may have used in a different format.
Bias may occur or additional information may be ignored. Pupils may also have been affected by issues outside of the school environment that the person carrying out the research may be unaware of or unable to control (Bell, 2010).  Bell (2010) further pointed out that quantitative data was objective and was without influence, however there are limits as it does not allow for any further explanation for the results. This was further supported by Bell (2010), that caution needs to be taken as quantitative data leads to bias and or important information often being ignored
If I were to carry out further research in the future, the research would be carried out over a longer timescale.  I would also carry out the research using more than one class and obtain more test results throughout the research period. The research could also be carried out over a wider range of abilities and using differentiated tasks to make it accessible to all pupils.
The research was carried out with a KS3 Year 7 class, if the future it may be more useful to use a KS 4 class (age 15 years) as this is the age group on which the PISA tests are focussed upon. These pupils would have a more mature approach and use of language.
A control group could be used where inference squares are not used. There would however be ethical issues here as the control group may be disadvantaged as they would not have had access to the inference squares which could make improvement in SL. If this was to be carried out we would need to ensure that the control group of pupils had access to inference square lessons at a later date.
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What do I know already?


What does the question tell me?


Conclusion – what information do I need for the answer?


A graph to show the effect of inference square on pupil's attainment

Increase in score	Same score	Decrease in score	65.599999999999994	20.6	13.8	Result


% of pupils



Graph to increase in marks achieved post introduction of inference square


1	2	3	More than 4	0.21	0.05	0.21	0.53	

2

image2.png




image3.png




image1.png
Inference square Task sheet 1 Question - Word

Tracey Thomas [

Insert  Design References Q Tell me what you want to do

f Comic Sans v ~ |14

Layout Mailings ~ Review ~View  Help

OFind -

b _Replace

< A A Aa- ALl

AaBbCcDd| AaBbccDd AaBbC( AaBbCcl AaB AaBbCcD AaBbCcDd AaBbCcDd  AaBbCcDd  AaBbCeDe  AaBbCcDd

Paste - ¢ A-W-A- TNormal | TNoSpac.. Heading1 Heading2 — Title Subtitle  Subtle Em.. Emphasis  Intense . Stron uote
' Format painter | 1B1 1 [Uizjsbe X, X | A - ¥ - A pac... 9 9 . P! . 9 Q ¥ Select -
Clipboard n Font n Paragraph n Styles 5 Ediing
=] O % -
{resk 2. Outline below the maindiffersnces bethwean and plart ad arimal cll
Please read the information and then answer all the questions.
All animals and plnts ave mads from cels. Theyare the basic bulding blocks
of all anmls and plnts. nide cell are various structures that are speialised
0 arry out a partcular function. Bothanimal and plan clls hve these
companents (they are caled organeles)
=)

 Coll membrane - his surrounds the cell and allows nutrients fo enter and
waste 1o leave .

* Nucleus - this controls wht happers in the cell. It contains DNA, the.
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