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Curriculum Development and Enhancement
Can inference squares improve the answers given to ‘Quality of Extended Response’ GCSE questions?

Introduction 
Scientific literacy in schools has been highlighted as a national issue as a response to the poor performance of learners in both PISA questions and the Quality of Extended Response (QER) questions on GCSE science papers. Therefore, using methods within schools to improve the response to these questions by learners will be greatly beneficial, not just to schools as a result of GCSE grades improving, but also to the learners for whom the extra marks within the GCSE exam could result in a pass grade rather than a fail. Throughout this essay, PISA and QER questions will be referred to as they both aim to assess scientific literacy and the competencies required for this. 
School X was found to have issues with the literacy of their learners during their last Estyn inspection, which will therefore result in an impact on the understanding and skills of these learners within scientific literacy. 
The inference square was used with a group of 45 year 9 learners of mixed ability. In one year, these learners will be sitting their first science GCSEs, in which the 6 mark QER question will be worth up to 10% of the marks on the paper. Introducing the inference square as a method may improve the way in which these questions are answered, which will therefore have a positive effect of the grades achieved by this cohort. 
Literature Review 
In recent years there has been an emphasis on the development of literacy skills among learners in Wales with the implementation of the literacy and numeracy framework in 2013, targeting learners aged 5-14 (Literacy and Numeracy Framework, 2013). The emphasis on literacy is due to the fact that it is now perceived to be a universally required skill to be successful within the modern world (Schleicher, 2010). 
Whilst many believe that literacy is to do with reading and writing, this is a definition only in its simplest terms. Whilst reading and writing are essential skills, literacy in its most fundamental sense has been defined by Frankel et al., (2016) in terms of being a constructive and critical process that is strategic and disciplinary and a skill whose definition is constantly changing. When taking into account this definition for literacy, the need for learners in schools to have good grasp of literacy skills is essential for accessing all subjects, one such subject being science. This is supported by other literature, which states that literacy in its fundamental definition underpins scientific literacy (Norris and Phillips, 2003).
Scientific literacy has been defined in the past as the understanding of how science works rather than having a large amount of science content knowledge (Durant, 1994). Despite this definition having been developed over two decades ago, and there currently being no widespread agreement on the exact definition of scientific literacy, rather it referring to broader goals within the teaching of science (DeBoer, 2000), it does provide a vague idea about what is assessed with regards to scientific literacy. Assessment of learner’s scientific literacy has become gradually more important in recent years, with lack of these scientific literacy skills has been identified as economically damaging within wider communities (McGregor and Kearton, 2010), and one of the most prominent assessments of scientific literacy is that of PISA. 
PISA is the Programme of International Student Assessment and is used to assess the proficiency of randomly selected 15 year- olds in member states in mathematics, science and reading. As a method of international assessment, the education and schooling of young learners around the world is now dependent to some degree on PISA, with it becoming a strategic tool used by those in a position to determine education policy (Meyer and Benavot, 2013). With regards to science, due to the difference in curriculums worldwide, the method of assessment PISA uses is not on subject content knowledge, but on the competencies of giving a scientific explanation of phenomena, designing and evaluating scientific investigations and interpretation of given information using scientific theory (OECD, 2006). These competencies assessed by PISA relate back to the earlier definition developed of scientific literacy, and it is on these skills that learners are being increasingly assessed. They have defined these competencies as skills that all learners at 15 years old should possess in order to be successful individuals. 
In Wales, the achievement in these PISA tests by learners was, in the latest tests, the lowest in the UK. The average score had fallen by 20 points than in the previous test, and there are currently 29 countries in which the average scores in science were at least 10 points higher than that in Wales (Jerrim and Shure, 2016). Whilst this is perceived by many to be a failing of the Welsh education system, the findings by studies that have stated this have been evaluated and been found to have results that are not robust and therefore argued against (Rees and Taylor, 2015). There are also many criticisms of PISA, with much research supporting the fact that whilst PISA claims to assess the skills learners require for the modern world, it does not always achieve this. Schleicher (2007) states that while PISA claims to assess the fundamental competencies of an individual, there are many competencies beyond those which PISA assesses. Therefore, the lack of PISA assessed competencies does not mean the lack of other important competencies. In addition to this, whilst assessing a learners ability to apply their skills and knowledge is one of the aims set out by PISA, and has been found to be a successful method of improving competency with regards to scientific literacy skills (Sadler et al., 2016) research has found that learners may have difficulty accessing these papers as they have been found to be removed from real world instances (Sadler and Zeidler, 2009) despite their intentions. However, even if these ‘real world examples’ are not relatable to all learners, there is evidence that just giving scientific instruction in a literacy based context can lead to a development in the skills of learners, particularly girls (Guxxetti and Bang, 2010).
Despite this, there is a widespread acceptance within Wales that more needs to be done to improve the skills tested for by these assessments and improve the ranking of Wales internationally. Research has found however, despite it being identified as an area of improvement, there is little being implemented in Wales to drive this improvement (Dale, 2016). Furthermore, there is evidence to support that PISA rankings are not a reliable means of comparing educational systems between countries (Osborne et al., 2017). In further support of this finding is that of Huang et al., (2016) who found that variation in the ranking of member countries could be determined by the curriculum taught within those countries. However, regardless of the league tables and comparisons between other countries, employers across Wales are consistently saying that learners do not have the appropriate transferable skills when starting a new job (Future Skills Wales, 2003). Therefore, development of these skills among learners would not only be beneficial to the international perception of Wales education system, but also to the learners, as these are the types of skill PISA endeavour to evaluate. 
There is a further reason development of these skills will be beneficial to young learners across Wales. These scientific literacy skills are also assessed within GCSE questions, where literacy is now of greater importance within the exam. In recent years the time of a GCSE exam has increased by 15 minutes in response to a greater amount of reading needed for the exam questions. Furthermore, quality of extended response (QER) questions are found within exam paper and make up ten percent of the marks on a GCSE question paper. Similarly to PISA questions, learners are expected to extract information from the extended prose question, in addition to applying their own knowledge of the subject in order to answer the question. Literacy skills in their fundamental sense are required for these questions, as learners must read the question, and an extra mark is awarded for the quality of the written answer, hence quality of extended response. However, scientific literacy is also required. These exam questions will introduce new phenomena or situations that learners will not have been taught about and expected to apply this knowledge within their answer. This is similar to the questions found within PISA tests and aims to test the same competencies as PISA. So, whilst the international ramifications of PISA may not impact a particular learner or school directly, the skills that are emphasised within the tests could be due to the assessment of these skills within the GCSE exam being worth such a large percentage of the exam paper. 
It is due to this similarity that a QER question was used in this study rather than a PISA question. For that reason also, PISA and QER questions will be referred to interchangeably throughout this report as the skills developed are transferable to either type of question and so the impact of the study remains the same. 
Some of the issues encountered by learners could be a result of what they are being taught in the classroom. Firstly, there is evidence that there is a close link between learner’s interest in science and their levels of scientific literacy (Bybee and McCrae, 2011). For this reason, during the PISA tests, a learner questionnaire is given to gauge their interest in science. As discussed earlier, this could therefore mean that curriculum of the country of the learner could impact PISA results due to the fact that learners are more interested in what is taught in the curriculum and therefore the skills integral to scientific literacy are nurtured. This is further supported by findings during a trial of a teaching programme where the main emphasis was on scientific literacy. It was found that this programme led to greater enthusiasm and engagement among learners (Millar, 2006). Despite the fact that in Wales, there appears to be very little being done to target the issues surrounding scientific literacy, the introduction in the near future of the new Welsh curriculum ‘Successful Futures’ could see the way in which science is taught drastically changed and therefore could present the opportunity for increased engagement in the science content by learners and therefore better developed scientific literacy skills. 
Furthermore, and perhaps more importantly, there appears to be a misunderstanding among teachers themselves with regards to the skills assessed by PISA and QER questions. Research has found not only inconsistencies between the expectations of teachers and the learner’s achievement in PISA tests, but also a difference between what PISA was assessing and what teachers believed they were assessing (Pinto and Boudamoussi, 2009).
Due to the evidence discussed above regarding the benefits of introducing lessons that enhance the literacy (and therefore scientific literacy) of learners into schools, an inference square was decided upon to be the main intervention method to investigate in this study. As discussed previously, the implementation of literacy skills within science is key to enhancing scientific literacy skills amongst learners. Therefore, an inference square which is used in literacy- based subjects such as English and History was chosen for learners to use when answering a QER question. There is very little research into the use of activities or practices used within other curriculum areas within science classrooms. However, when, as discussed above, there is a significant relationship between the skills used in literacy and those needed to be competent in scientific literacy, implementation of activities that have been tried and tested within those curriculum areas would surely have similar success within the science classroom. 
[bookmark: _GoBack]The inference square was chosen as each section of the square is relevant to the PISA competencies. This will be discussed in the evaluation of this research project. 
As discussed previously, improvement of answers in both PISA and QER questions – although for different reasons – is of significant value both individually and nationally, and to improve those answers there must be improvement of the skills which they aim to assess. It is for this reason that this question was chosen, as the intervention activity of the inference square is used in literacy- based lessons in order to develop and hone these same transferable skills. 
School Policy and Practice 
In School X there is a significant focus within the School Improvement Plan (SIP) on literacy. This is as a result of the 2015 Estyn report of the school where it was found that within lessons there was not sufficient emphasis on the development of learners’ literacy skills (Estyn, 2015). Whilst this is a target for improvement throughout the school, as Lee and Croninger (1994) identified that school settings were responsible for the greatest development of learners’ literacy skills, within the Science department a key aspect of improving literacy standards will relate to those of scientific literacy. The development of learners’ literacy skills are fundamental to the understanding and transference of scientific concepts and ideas, and are therefore an essential requirement for learners within science lessons (Norris & Phillips, 2003). Furthermore, the school also has students that participate in the PISA testing. Whilst PISA scores of learners within the school do not directly affect the school with regards to reviews or inspections, there is a distinct similarity between the questions asked during the PISA tests and the Quality of Extended Response (QER) questions found within science GCSE exam papers. Both PISA and QER questions require learners to read and understand extended texts, and to use their knowledge in a transferable way, rather than just relay it in the same manner is has been learned. 
In addition to a school wide focus on literacy, within the department there is an emphasis on increasing GCSE pass rate. QER questions in GCSE papers are worth 6 marks, which is a high proportion of the marks awarded during a GCSE exam for one question. School X has realised this, and so they are given to classes from year 8 upwards for learners to familiarise themselves with the type of question and to try and improve the way in which they are answered before the year 10 and 11 GCSE exams. This can greatly impact the results achieved by these learners in their GCSE exams, and will therefore improve the grades and pass rate within the science department. Furthermore, an emphasis on the more literacy-based aspects of the curriculum has been viewed by some as having a positive impact on the interest shown by learners within science lessons (Millar, 2006).
Within the science department of School X, the marking policy is that only key pieces of work are marked. The grades from these pieces of work are used to feed back to parents during parent’s evenings and on reports, and influence the setting of learners for the next academic year. The key pieces of work marked are end of topic tests, the school literacy and numeracy booklets called ‘think on, write on’ tasks and the QER questions related to the topic. There is therefore a focus on QER questions as a tool for assessment within the science department, and developing a method for learners to achieve the best possible marks within their ability will be beneficial as the setting will better reflect the learners abilities. 
Methodology & Ethics  
The main method implemented as an intervention during this study was the introduction of an inference square. This inference square was broken down to include three sections: What I know already, what the question tells me and conclusion (Figure 1). During the introduction of the inference square with a different example question, how to use the square was explained to learners. The ‘what the question tells me’ was included in the inference square as learners often do not pay attention to the full information they are provided with. They will often start writing whatever they know about the topic often whether it is relevant or not. The inference square encourages learners to analyse the question itself which will indicate the information it is necessary to include. This is important as learners of different abilities have been found to analyse these extended prose questions differently, with less able learners picking superficial aspects of the texts as opposed to their more able counterparts who discard this information (Cerdan et al., 2011). Lower ability learners have also been found to struggle with using new information they have been presented with when attempting to answer the corresponding question (Le Hebel et al., 2016). This section of the inference square was therefore chosen in order for learners to realise that information from the question is often essential for the answer, which in term should guide learners into including all of the necessary information. Based on these two studies, use of the inference squares would be particularly beneficial to learners of lower abilities. 
The answer then developed from the information in the other two sections of the inference square will then be written out into the ‘conclusion’ section of the inference square, which will summarise the key information the learners will include when finalising their answer to the QER question.    
The inference square was introduced in the lesson previous to it being used as an intervention for the pre and post-test QER question. This was done to familiarise learners with how to use the inference square, rather than being introduced to it for the first time during the intervention. It was done with a QER question unrelated to the pre/post-test question and was never expanded into a full answer. It was carried out solely as an activity to demonstrate to learners how they can work. 
Prior to the distribution of the pre-test question, it was explained to learners that the task was for research and that whilst it was a compulsory school activity as a part of their normal learning, their marks could be removed from the write up if they so wished. This was done to ensure all participants in the study were informed of their right to withdraw, and were therefore able to give informed consent of their participation in the study. 
Learners then participated in a brief revision activity on the topic of breathing to recap their knowledge prior to answering the QER pre-test question. This was necessary as the overall topic was organ systems and so the content on breathing had been covered in the previous term. The information covered in this recap session was not solely on the information required to answer this particular QER question, but an overview of the topic as a whole. The question was on the physical mechanisms that allow breathing to take place, however information on the process of gaseous exchange was also included so as not to influence the specific information learners include within their answers. 
Learners were then instructed to complete the pre- test QER question on the mechanisms of breathing, being informed that they could use all information they have access to including looking back in their books. Whilst they were completing their answers, limited guidance was given to learners to ensure that their answers reflected their own work.
In their next lesson, the inference square intervention was introduced after learners carried out a starter activity writing down the information they remembered from the previous lesson about breathing. We then went through this information as a class and the information displayed on the board was the same as in the recap from the pre-test lesson. This is to ensure that the information visible to them during both the pre and post test was the same and so would not influence any improvement in the marks of learners. 
Learners were then given out the inference square and asked to complete it in the same way they had with a different question in the previous lesson. Again, learners were told that they were allowed to look back in their books.  
Once learners had completed the intervention activity, the same QER question was handed out as the post test. They were not given back the papers from the previous lesson as to prevent learners from just copying the answer they had written the previous lesson. Again, assistance with answering the question was limited to ensure the answers were completely those of the individual. 
When marking these QER questions, only a mark out of 5 was awarded. QER questions are usually worth 6 marks however the 6th mark is awarded for the quality of the writing. As the marking is carried out by the researcher and this mark for written communication is subjective to the person marking, it was removed to maintain objectivity when marking the answers, as a researcher would want to see a positive result from their intervention and so objectivity cannot be ensured. Marking of the answers was carried out in a standardised way using a marking criteria (Figure 2) and all answers were marked by the same person. 
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Figure 2 – The marking criteria used across the department for the QER questions. 
Evaluation 
During this research project, the same question was used both pre and post- test. Despite PISA and QER questions assessing the same skills and therefore any impact of the intervention could have been gauged using a different question, this question was the one all year 9 classes were completing within the Science department as a part of normal school practice. It was for this reason that the question used within this project was a QER question rather than a PISA question. Another advantage of using the same question as both the pre and post- test assessment was that consistency was kept with regards to the difficulty of the question. This therefore meant that any improvement could not be attributed to these differences as opposed to the introduction of the intervention, and therefore makes the findings of this study more robust. 
The inference square was intended to be a simple intervention method which would allow learners to change their perception of the QER questions in order to maximise results. The inference square was chosen as it seemed using a tool that are used in literacy based subjects such as English and History to a task trying to improve scientific literacy was logical as general literacy skills are fundamental to the development of scientific literacy (Norris and Phillips, 2003). Broken down into three sections, the inference square (figure 3) design was based upon reading around the improvement of answering this style of question. 
Firstly, the ‘what we know already’ section allowed learners to reflect on the content knowledge on the topic they had learned during lessons. Reflective practice is a skill PISA and QER questions aim to address (Sadler and Zeidler, 2009), which was developed with this section of the inference square. PISA (and therefore QER) questions aim to assess three competencies, one of which is ‘explaining phenomena scientifically’ (Ching She et al., 2018) which will be achieved by this section of the inference square. During the pre-test lesson, and before the intervention was introduced, learners had the opportunity to briefly revisit the information covered in past lessons that would be necessary for answering the QER question. This was also done as a method as reflective practice which enabled learners to access the question. Furthermore, prior to the introduction of the intervention, the information learners included from prior learning was limited and did not provide a fully comprehensive answer addressing all aspects of the question. After the intervention, where learners used this section of the square to organise their knowledge on the subject, there was also evidence to show that when trying to complete this section of the activity to the best of their ability, learners had used their books to gather extra information that they had not previously included within their answers.   
Secondly, the ‘what we know from the question’ section of the inference square was designed to encourage learners to utilise the information provided to them in the question to its full extent. With PISA and QER questions, much of the information which is fundamental to include in the answer is included in the context of the question as they are intended to measure a student’s ability to apply knowledge they have been provided with to situations. This is meant to assess the competency of interpreting data scientifically aspect of PISA questions (She et all., 2018). This was therefore essential to include within the intervention as, again, it develops the skills essential for achieving the highest marks with this style of question. There is often a misunderstanding among learners about what they are expected to include within their answers, and an inability by some learners to develop a method from which they can formulate an answer (Hebel et al., 2016). This section of the inference square addresses these issues and provides all learners with a tool from which they can develop answers. From the answers given in the pre-test (figure 4) responses, many of the learners failed to mention all of the anatomical parts specifically labelled in the question that you would expect learners to refer to. In addition to this, the illustrations within the QER question demonstrate the process learners are being asked to explain, which many of them failed to. However, after the introduction of the intervention, many of the learners had discussed all of the anatomical parts, even if not in the detail needed to achieve the mark. This therefore demonstrates that learners paid less attention to the content of the question and did not make the link between the information that had been provided and what was needed to be included within the question prior to the intervention activity. 
Finally, the conclusion box included in the intervention was included for learners to make links between the information they had included within the other two sections of the inference square, and to start to develop a coherent answer while applying these links to the QER question they had been presented with. Linking their prior knowledge which was gathered in the first section to new knowledge which was gathered in the second section is key to developing scientific literacy skills of learners (Kradcik and Sutherland, 2010). Also, the other two sections of the inference square just required the input of information they knew previously or had gathered from the question. The conclusion section encourages the application of this knowledge to answer the question, rather than just listing information. During the lesson learners were encouraged to write their conclusion in this box in the form of concise bullet points on which they could expand when writing out their response to the QER question.  
The skills emphasised by the intervention activity had never been explicitly taught to learners. Whilst they were told to ‘read the question carefully’, when observing these QER answering lessons done by a number of teachers in School X, they were never told to use the information in the question to give them guidance in their answer, nor were they reminded that if for example, in this case an anatomical part is in a diagram and labelled, then there would be an expectation that that part should be discussed within their answer. Therefore the inference square provided learners with this guidance and through the sections of the square, told them what is expected to be included. 
The decision to introduce learners to the inference square prior to using it as the intervention activity itself was taken as it was felt that introducing it for the first time during the intervention lesson would have meant learners not using the square to it’s full potential. The recommendation was made to do this by the classes usual teacher, and whilst it did introduce learners to the skills developed by the inference squares directly prior to the pre-test question being given, at this point learners were not aware that they would be answering this same question as the post- test question and were not made aware that the inference square was a method by which they could potentially improve their answer. Therefore, this led to familiarity with using the square by learners during the intervention, however it is unlikely that during the answering of the pre- test question learners had used the skills the inference square had aimed to address by its introduction. 
[image: ][image: ]Figure 3 – Inference square used as the intervention activity during the sequence of lessons for this study. 
Figure 4 – The QER question given to learners as the pre and post- test.
Marking of the QER responses was carried out using a standardised mark scheme which was used across the Science department within School X. This was done in order to ensure that the content learners had included within their response was what was outlined in the mark scheme. As this QER question was a standardised assessment across the department, the marking had to be consistent between teachers. This was beneficial for this research as it meant that the effects of marker bias were greatly reduced. As a researcher, you would want to see an improvement in marks to provide evidence that your intervention had worked (Pigott et al., 2013), and therefore marking could be subject to researcher bias. However, using a content- based mark scheme and removing the subjective 6thmark for the quality of written communication meant that it was more difficult to be subjective when marking the work. It also meant that learners received the feedback in the form of ‘what went well, even better if’ to improve future work. 
This study of 45 year 9 learners has found that during the post- test activity, there was an increase in the average mark achieved by learners of 0.93 (Figure 3) which is an average increase of 18.6%. The decision was made to exclude the results of any learners that were only present for one of the lessons as the research was to look into the impact of the inference square on the marks of QER questions, therefore including any learners scores that had either not participated in the intervention or in the post- test would have skewed the resulting impact of the intervention. 

Figure 5 – A graph showing the difference in QER scores in the pre and post- test lessons.
The marks achieved during the post test compared to the pre-test ranged from a decrease of one mark, to an increase of 3 marks (Figure 4). The majority of learners increased their score by one mark, and 69% of the 45 learners within the class improved their grades in the post test after the intervention.

Figure 6 – A graph showing the changes in scores of the 45 participants in the study after the intervention.
These results suggest that the introduction of the inference square to the learners may have resulted in the increase seen by the majority of the participants. It cannot be explicitly stated that the introduction of the inference square was the cause of the increase, as a cause effect relationship cannot be proven despite attempts to keep other factors the same in both the pre and post-test. Furthermore, there are limitations within the study which could also have caused the results seen, which will be discussed in the limitations part of this essay. 
Whilst it appears that the inference square is a positive tool that can be used by learners to develop the relevant skills to access these scientific literacy based questions and to answer them to a high standard, as with other activities the effort put into utilising this tool by the learners is still a determining factor in how successful their answers were. Within schools, generally when completing a piece of work, the learners higher mark would be the one that was recorded. The two learners whose grade decreased when carrying out the post- test may have put in less effort when answering the question for the second time as they assumed their highest score would be the one recorded as their mark. The inference square could potentially have also led them to include different, irrelevant information within their post- test answers than they had included in their pre- test attempts.  
Despite any limitations, however, the study was beneficial overall for the classroom assessment aspect of these QER questions. Whilst not practical to be used in GCSE exams by learners, the habit they would get into by using these on a regular basis would enable them to develop the skills needed for interpreting and explaining phenomena scientifically which are essential to scientific literacy (Turiman et al., 2012) with regards to extended prose questions and apply these in exams. Therefore, in addition to being beneficial to learners when completing these as assessments in the classroom, the transferable skills could help to improve the way in which these questions are answered in exams and therefore improve the marks achieved by learners. 
Conclusions 
Based upon the findings of this study, it is suggested that the use of inference squares incorporates the scientific literacy skills needed by learners to access QER and PISA style questions and therefore improves their answering of these questions. This is because some of the main competencies addressed by these questions are those scientific literacy- based skills, such as identifying science issues and explaining phenomena scientifically (OECD, 2006), which were specifically taken into account during the design and creation of the inference square intervention activity.  
The outer square of the inference square addressed the ‘explaining phenomena scientifically’ competency by asking ‘what we know already’ and asking learners to apply their learned scientific knowledge on the topic to the question. This provides learners with much of the scientific theory needed to answer the questions, as even when learners are provided with information by the questions, this section targets the explanation behind what is seen in the question. 
The second section of the inference square addressed the scientific literacy competency outlined by PISA (OECD, 2006) and therefore required when answering QER questions, which requires learners to have the ability to interpret information scientifically. This competency requires learners to use the information they are provided with, within the question in order to use this whilst answering the question. The square of the inference square that encourages learners to extract information from the question to apply in their answer therefore targets this scientific literacy competency. 
The third section encourages learners to make links between the knowledge they have outlined in the other sections of the inference square, and to apply this knowledge to the question they are attempting. This supports the competency of interpreting information scientifically as whilst the second section of the inference square encourages learners to extract the relevant information given within the questions, this section provides guidance to learners to apply that information to the question itself, and therefore achieves the application of knowledge. 
Whilst it cannot be guaranteed that the improvement of learner’s marks when answering the QER question was as a direct result of the introduction of the inference square as an intervention activity, the improvement of grades was significant and the intervention was the main change between the pre and post- test situations. Therefore, taking into account the usual margins of error, it can be said that the inference square had a positive impact on the marks achieved by learners when completing a question in which the scientific literacy competencies as defined by PISA are the factors being assessed. 
Moving forward, it would be recommended from the findings of this study, to incorporate tools used in other, more literacy based subject areas within science departments, as the benefits of doing so are significant improvement in a learner’s ability to both access and answer scientific literacy based questions. The skills required for a good level of scientific literacy are those required within literacy based subjects (Pearson et al., 2010). If the results seen in this study were not as a result of the intervention, the introduction of an activity within science lessons in which the improvement of literacy skills was the main objective would still be beneficial for the learner as a whole, as it would support learning within other subject areas. There would therefore not be a negative outcome from introducing this type of activity, even if it did not achieve its main aim of improving the answering of scientifically based PISA and QER questions. 
Particularly within Wales, there has been little success in introducing methods to improve scientific literacy among young learners (Dale, 2016), therefore any activities or methods that can be utilised within classrooms in order to attempt to hone these skills that will only become more prominent within future assessments of learners knowledge, is an improvement on current classroom practice. Therefore, future practice should aim to include activities that focus on addressing the shortfall in skills learners have when dealing with scientific literacy- based questions. Whilst scientific content knowledge is important, many of the PISA and QER style questions provide a significant portion of the information actually required to answer the question. Therefore, in addition to testing learners content knowledge through end of unit tests, schools could implement methods of improving learner’s comprehension of questions such as the inference square, particularly in schools such as School X where QER questions are used as a form of ongoing assessment among learners from year 8 through to year 11. Whilst it is beneficial for learners to familiarise themselves with this style of question prior to final exams or PISA tests, it was noticed that prior to the inference square being introduced to the year 9 learners in School X, they were given very little guidance on the fact that if something is shown in the question it is expected to be discussed in the answer. This is therefore an important aspect of answering these questions that the inference square highlighted for learners. 
In summary, the introduction of activities within classrooms which aim to improve the literacy and understanding skills of the learner would be greatly advantageous with regards to scientific literacy. Whilst a cause effect relationship of the introduction of the inference square and the improvement of learners marks can not be categorically established, due to the minimal attention paid, particularly in Wales, to the shortfall in scientific literacy skills of learners, any method put in place in an attempt to improve these skills should be looked upon with favour. This can be said particularly when the design of such an activity is rooted firmly in reading around the competencies these PISA and QER style questions assess.
 Assessment into the introduction of such activities could also be carried out. As with school X, learners could start to complete QER or PISA style questions early on in their school life, and by using activities such as the inference square, the best ways in which learners can answer the questions and the information included within their answers can be emphasised, and will develop the skills needed for learners to complete these questions to a high level in exams.
Limitations and future development 
Whilst the study has suggested that the use of inference squares can lead to an increase in the marks obtained by students when answering QER questions, there were several limitations identified with regards to the methodology used. 
Firstly, the learners were presented with the same question as both the pre-test and the post-test. Whilst this was beneficial with regards to maintaining consistency both with regards to the marking and the difficulty of the questions, it did pose issues. 
One such issue was that learners were aware that they had answered this question in the previous lesson and knew that their best mark would count which led to initial reluctance to answer the question. In order to overcome this, the learners were told that the second question was given to them in order to see whether their grade would improve. This could have impacted the learners’ attitudes towards the question, and they may have subsequently put greater effort into their answers after seeing it for the second time. This therefore could mean that, particularly in the case of the higher ability, more conscientious learners, the increase in marks achieved was due to an increase in effort as they were trying to meet researcher expectations, rather than the introduction of the inference square.  
Using the same question both pre and post – test could also be a limitation due to the fact that a small number of learners’ marks went down for their post – test answers. This could have been caused by learners assuming that, without feedback, the first time they completed the question they were badly answered, and so they altered the content of their second answer in response to this, therefore omitting some relevant information.
A further limitation may have been researcher bias. Although, as discussed previously, the questions were marked only out of five rather than 6 to avoid marking subjectively with regards to the mark for ‘quality of written communication’, there may still have been marker bias. As the aim of the study was to put in place an intervention to try and increase the marks achieved by learners, there may have been more leniency with the marks awarded when marking of the post-test was carried out. 
Another limitation that may have impacted the study is the way in which information of the question topic was provided to the class. Although in both the pre and post – test lessons, learners were provided with exactly the same information displayed on the board at the front of the class, and on both occasions they were told they could look in their books to help with their answers, the way in which the information displayed was delivered to the learners was different. In the pre – test lesson the information was presented to learners via a ten minute ‘recap’ which was teacher led. However, during the post – test lesson, learners were told to look back in their books and give information on the topic which was then written on the board as the starter activity. Although in both test conditions the information given to them on the board was the same, the encouragement to use their books for the starter activity in the post – test lesson may have led to them to engage with other relevant information from their books that had not been given to them during the recap in the previous lesson, and for them to continue to use their books in their second answers. Despite being a potential limitation for this study, for future classroom enquiry, there could be a greater emphasis for learners to utilise the information in their books in order to answer questions to the best of their ability, including all relevant information. Therefore, if this is one of the factors that led to an increased mark in this research, then it should be encouraged and have similar beneficial results in future. 
Whilst these are limitations of this particular study, when carrying out future classroom enquiries of this nature, the question will not be given to the class on two occasions, as the inference square would be used as regular practice. This would therefore avoid the limitation previously discussed. Furthermore, as part of normal teaching practice, there would be a limited effect of researcher subjectivity as being more lenient when marking answers would not provide the perceived benefits as it has in this study. 
Finally, the sample size of the study is a limitation of this study. This was carried out with only a sample of 45 learners, all within the same year group. Although the result in this case has been significant, with a greater sample size or with learners of a different age, the intervention may not result in a similar trend. When carrying out future enquiries, the sample of learners used could be greater, and the intervention applied across different age ranges. This will allow conclusions about interventions put in place in future teaching practice to be more reliable, and to come to more robust cause – effect conclusions than in this study. 
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