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Curriculum development and enhancement- Aimee Passmore

Introduction 
During this essay I will be exploring the importance of scientific literacy within the classroom and its importance in enabling pupils to answer exam questions. I will be focusing on using inference techniques; in particular, inference squares to improve pupils’ responses to Programme of International Student Assessment (PISA) style questions. PISA testing aims to assess pupils between 15 and 16 years of age on their ability to apply their skills and key knowledge in unfamiliar contexts.
The school in which my research was carried out, School X, is an 11-16 school with approximately 1,250 pupils currently enrolled. The school has a higher than average proportion of pupils entitled to free school meals (FSM) (17.4%) and 40% of pupils are on the Special Educational Needs (SEN) Register, this is significantly higher than the national average which lies around 22.9%.
The class involved in my study, Class Y, consists of a year 7 class expected to obtain C/D grades at GCSE level. There are 28 pupils on the class register and 2 of these pupils are FSM and 4 pupils have some form of additional learning need (ALN); One pupil has dyslexia, 2 require additional literacy support and one pupil has behavioural, social and emotional difficulties (BSED).

Literature Review 
The importance of literacy skills is highlighted by the Literacy and Numeracy Framework (LNF), published in 2013. The LNF states that literacy is to be implemented across all subjects of the curriculum. Teachers are expected to integrate literacy tasks into their lessons in order to ensure progression of all learners in their ability to apply literacy skills in every subject.  The OECD stresses the link between scientific literacy, environmental concerns and growth of the economy. Therefore, highlighting the importance of all citizens learning the skills required to tackle science related issues in everyday life.
This study will focus on strand 3 of the LNF- Reading. Pupils are required to use reading strategies and comprehension skills in order to answer a set of multiple-choice PISA questions.
International testing is a useful tool in aiding the decision making for educational development and enhancement (Bybee and McCrae, 2011).  It is a tool which can highlight strengths and failings within a country’s educational system and result in tailored adjustments in order to improve these areas of weakness and improve pupil attainment. The Programme for International Student Assessment (PISA), launched in 1997, is one of the most highly regarded international tests and collects data from 72 countries.
Angel Gurria, secretary general of the OECD (Organisation for Economic Co-operation and Development) describes PISA as ‘the world’s premier yardstick’ to be used as a comparison tool for the appraisal of school systems across the globe and stresses that every country has the ability to use PISA as a basis to improve their educational systems (OECD, 2018). However, Griffin (2015) argues that Pisa only gives a ‘snapshot’ of the achievement of 15-year olds and therefore should not be fixated over. This view is shared by Tienken (2014) who believes PISA rankings are unimportant and do not have the ability to give educators significant insights into how prepared students are to enter the world of work.
Standardized testing is one of the most useful tools for implementing educational reform and improvement (Schleicher, 2007). Schleicher argues that although PISA can not assess all of the skills which might be useful for young people to possess in order to become successful citizens, it does act as a reasonable predictor. It is important to have an international comparison of the skills PISA does assess, but imperative not to forget that the range of skills not being tested for could show a completely different trend in results. 

The National assembly for Wales describes PISA testing as an assessment of pupils’ ability to apply both skills and knowledge to a range of ‘Real-life’ scenarios (Senedd Research, 2017). The United Kingdom underperforms in PISA testing annually and the most recent testing in 2015 (which had a particular science focus) ranked the united kingdom in 23rd place out of 70 nations (OECD 2016). 
Within the United Kingdom, Wales is the lowest scoring nation, with England, Scotland and Northern Ireland scoring significantly higher in reading, mathematics and science in the PISA testing 2015 (Senedd research, 2017). 
Rees and Taylor, (2014) cited a quote from Michael Gove that stated how Welsh children were ‘falling behind’ other children in the UK due to the Welsh Government’s reluctance to transform the Welsh educational system. Rees and Taylor point out that Mr Gove’s viewpoint is not accurate as transformation or ‘reform’ exists in several forms and although Welsh Government have decided not to follow the same procedures as the English Government, that doesn’t make them any less effective. It is also argued that the way in which academic success is measured fails to take into account the health and wellbeing of the students. Evidence is cited from the Millennium Cohort Study (MCS) of 19,000 individuals born between 2000 and 2001. MCS found that Welsh children scored much higher than English on wellbeing and attitudes to learning. They believe that less emphasis should be placed on comparing Welsh attainment with that of other regions or countries and more emphasis should be placed on monitoring Wales’ progression over time.
A sample size of 540,000 students are selected to represent 72 nations worldwide. An attempt is made to select a sample of students which is representative of all students in each nation. These students are selected firstly by using stratified sampling techniques to select schools in each of the areas participating. Then, within the selected schools 35 students are randomly selected to undergo a 2-hour computer-based assessment (OECR,2015). 
Although this sampling method seems to give a random sample of pupils to participate, the small number of students selected could result in a biased representation of the school or even the nations’ performance, therefore effecting the validity of results (Freitas et al., 2015). Freitas et al.  (2015), studied Portugal’s performance in PISA assessments between 2000 and 2012. They highlighted that there were significant differences between the actual Portuguese population and that from which a sample was taken in the PISA selection process. They then incorporated post-stratified weights on the obtained PISA results to take into account issues such as actual population size and distribution and found that the results obtained were statistically different to those released by PISA. Although this study highlights issues in the validity of PISA testing, it only looks at one of the 72 participating countries, it would be beneficial to repeat this study using a larger sample of countries to see whether these issues can be related to other regions or if they lie with Portugal alone.
Whilst analyzing the PISA 2006 scores, Huang et al. (2014) discovered that one of the main contributors towards differences in Canada, China and the USA was the difference in curriculum content which was covered in these countries. This suggests that regardless of an individual’s ability to apply knowledge to different situations, if the knowledge possessed is different to other students participating, it is difficult to make a comparison. Validity of results are therefore affected.

 It is also important to note that the pupils are required to complete the tests digitally, on a computer. Although many schools around the globe have the ability to provide computer-based lessons to students, those in underdeveloped countries, or even those pupils in who come from deprived backgrounds in more developed countries might be at a disadvantage due to less access to computers at home, more research needs to be done to evaluate these effects (Rodrigues et al. 2017).
Many countries have utilised their disappointing scores as motivation to undergo reform and better their standard of education. For example, Israel undertook a range educational changes in order to improve their PISA ranking, after a disappointing result in 2000 (GSE, 2015). These changes included implementing literacy and problem-solving skills into their mathematics, science and reading curriculum. The result was Israel’s PISA scores steadily improving in each subject area in each testing cycle between the years 2000 and 2012 (GSE, 2015).  Although a focus on literacy was only one of a number of changes integrated by the Israeli education system, it is interesting to consider the effects literacy has on pupil attainment in these assessments.
As the PISA assessment paper needs to be translated into the appropriate languages for each country participating, it is possible that language problems can arise. El Masri, 2016 (Cited in Zhao, 2014) found that versions of the PISA assessment in Arabic, English and French all varied in difficulty. Zhao suggests using a computer program to analyse the texts as they are written in order to minimise any effects that could appear when translating.
Clarke, 1991, stresses the importance of “visual organisers” as an aid for students to structure their thoughts and consolidate their knowledge when answering questions. Inference squares provide learners with an opportunity to break down their knowledge into more easily digestible chunks which can then be used to assist answering questions to their best ability (Clarke, 1991).
When looking directly at scientific literacy it is important to distinguish what is meant by the term. John Durant, in his 2009 paper ‘What is Scientific literacy’ concludes that It is an understanding of how science works rather than the quantity of science knowledge retained (Durant, 2009). Durrant claims that there are three distinct definitions of scientific literacy; the first relating to an individual possessing a large content knowledge, with the ability to recall numerous scientific facts. The second being that an individual might understand ‘how science works’ based on the ability to undertake practical investigations which require application of this knowledge. Finally, the third definition relates to an individuals’ ability to link scientific concepts to the wider world. These individuals have the ability to use higher order thinking when exposed to new information, they have the ability to consider the information critically and draw their own conclusions rather than just accepting what has been relayed to them.
It is thought by some that good scientific literacy can improve decision making in day to day life and encourages individuals to seek new information and ways of thinking to further develop understanding (Maienschein, 1998). Maienschein recognized scientific literacy to have two distinct definitions, her first combines the first two ideas proposed by Durrant and the second along the same lines as Durrant’s third definition previously described, which links critical thinking to scientific topics and wider world scenarios. In her 1993 article ‘Scientific Literacy’ Maienschein claims that around 90% of Americans are scientifically illiterate based on the second definition she describes. She emphasizes that scientific literacy is a skill that requires more time and practice to develop than simply learning and memorizing scientific facts and figures. She argues that this extra time and effort will result in the development of well rounded and capable learners which in turn can become well rounded and capable citizens who can make informed decisions in their day to day lives.
These theories on scientific literacy are supported by Bloom’s Taxonomy, which classifies six levels of learning. These levels can be further broken down into lower order thinking, including; Remembering, understanding and applying information and higher order thinking levels consisting of; Analysis, evaluation and creating (Anderson and Krathwohl, 2001). This theory of learning stresses the importance of these different levels of learning and suggest that in order to fully understand a subject, each of these levels must be achieved.
The new ‘Successful Futures’ curriculum formulated by Professor Graham Donaldson, has prompted an overhaul of the current educational system in Wales. Welsh Government has welcomed to re-writing of the curriculum and the way in which pupils are taught as well as the way in which pupils are assessed (successful futures, 2015). This approach concentrates on what the students are expected to achieve to become ambitious, confident and capable individuals who can contribute to greater society.
One of the criteria of the new curriculum stresses the importance of learners to learn how to apply their knowledge in unfamiliar situations. The proposed ‘areas of learning’ group together subjects which share skill sets and link areas of the curriculum where practical application of knowledge can be applied, for example, science and technology. The curriculum incorporates the Literacy and Numeracy Framework (LNF) and the Digital Competency Framework (DCF) across all areas of learning to ensure these skills can be applied in a variety of contexts across the subject range.
Although scientific literacy is of great importance in PISA style assessments, there are many other factors that need to be taken into account, for example attitudes to learning (ATL). 
Krathwohl’s Affective Domain (1964), explains that in order for a student to learn, a range of behaviours must be engaged. Pupil attitudes have a direct impact on attainment. These attitudes or behaviours include; attention, interest in the topic, awareness, responsibility, concern and the ability to listen and respond to the information being taught. Krathwohl stated that the value an individual attaches to a piece of information will affect how willing they are to learn and remember it.
Bybee and McCrae, 2011, researched the effects of student attitudes on their performance in the PISA 2006 assessment which had a principle focus on science. They recognized the importance of the assessment in testing for ability to apply knowledge to real-life scientific scenarios as well as scientific content knowledge. They focused their research on the learners’ attitudes to science, this is of great importance as student attitude can have a significant effect on the individual’s willingness to learn and ability to excel at a particular subject. Negative experiences; such as the pupil finding content difficult, or receiving poor test scores previously, can result in a negative attitude towards a subject as a whole. Poor attitude can then have a negative effect on the students’ interest and concentration which ultimately results in lower achievement in that area of learning. Veresova (2016) found that a student attitudes to learning could in fact be used as a tool to predict achievement. Also, a significant difference was seen between male students’ ATL to that of female students, with females then going on to achieve higher grades as a result of a more positive ATL.
It is thought that in order to instill a sense of wonder in science, pupils must have positive experiences whilst in primary school. When teachers use intimidation or humiliation as a form of discipline within the classroom this can result in pupils learning negative associations towards the subject being taught. This might then result in poor attainment of these students in that particular subject.  (Marroquin, 2018). It is also thought by many that the attitude of the teacher towards science can have a great impact on how the pupil perceives science as a subject. A positive and encouraging teacher with an interest in science is essential to ensure motivation, achievement and wellbeing of the child within the science classroom (Marroquin, 2018, Riegle-Crumb et al., 2015). Riegle-Crumb et al. (2015) argue that instilling a positive attitude towards science needs to begin at a young age. They suggest one way of doing this is by targeting trainee primary school teachers and addressing their attitudes to science. By improving these soon to be teachers’ attitudes to science and encouraging them to be enthusiastic about the subject, they can then share these positive attitudes with their classes once they qualify. The OECD agrees that the best way in which to nurture an interest in science is to increase young children’s exposure to high quality science teaching.
Negative attitudes to learning need to be challenged in order to break the cycle in poor performance and maximise achievement. This requires teachers to act as positive, motivating and encouraging individuals (Ministry of Education, Guyana, 2016).

School Policy and Practice 
A recent Estyn report stated that the school had good levels of literacy with most pupils ensuring ‘strong progress’ in relation to literacy skills (Estyn, 2015).
School X is committed to improving literacy skills in all learners. The school has a specialist Learner Support Centre (LSC) which is accessible by learners with dyslexia, where they can receive specialized support catered to their individual needs. Upon entering the school in year 7, all learners undertake CAT testing and the results, along with their Suffolk Reading scores are used to place learners into classes, dependent on their strengths and weaknesses. Data from these tests show that around one third of pupils enter the school with below functional literacy levels and more than 50% of pupils have a reading age 6months or more below their actual age (School X, School improvement plan, 2015-2018). School X’s School improvement plan states that the school aims to further develop literacy skills of pupils by implanting literacy focused tasks into the schemes of work (SOW) for each subject. The school plans to upskill teachers to improve confidence and allow effective development of the LNF and also hold targeted literacy (and numeracy) parents evenings throughout the school year. These parents evenings will help to highlight any difficulties pupils are having to their parents and encourage additional support at home.
 Learners that are highlighted to have difficulties with literacy skills are placed into smaller teaching groups to ensure extra support can be given during normal classroom time. Further intervention is then provided to learners who need a greater level of support with literacy, these individuals are withdrawn from allocated (non-core) subjects in order to receive extra literacy lessons.
Pupils with additional learning needs (ALN), including those with extra literacy needs work closely with the school’s additional learning needs coordinator (ALNCO). The allocated ALNCO in school X works closely with feeder primary schools, subject teachers and parents to develop an individual education plan (IEP) for these learners. Biannually, these IEPs are reviewed to ensure that students are receiving the correct support and making the expected progress within their subject areas. Pupils who seem to be making insufficient progress after a prolonged period are then escalated to a school action plus (SAP) plan. SAP requires the ALNCO to liaise with external professionals such as educational psychologists and medical professionals for additional advice.  If unsatisfactory progress persists the pupil will then undergo a series of assessments to determine whether they require a statement of special educational needs, this then provides schools and the individual with additional specialised support (School X, A guide for parents and carers, 2013).
Within school X emphasis is placed on the impact of reading on literacy. During morning registration periods, twice a week, all pupils undertake 20 minutes designated silent reading time, of a book of their choice provided by the school. This has shown to improve the confidence and improve attitudes of learners towards reading.
During key stage 3 (KS3), years 7,8 and 9, great effort is made by the school to ensure that literacy skills are not only being developed in English lessons, but in all lessons across the curriculum. Adhering to the Literacy and numeracy framework (LNF), a range of literacy tasks and assessments are planned for by all subject teachers and the results of these ongoing tasks highlight any need for further intervention for individuals in the class, who might need extra support or to improve their skills.
The school has a specialist literacy coordinator who is available to support learners and give advice to teachers when required. This support helps to ensure that teachers have confidence in the literacy tasks they are required to incorporate into their subject lessons and also that a high level of consistency with regard to literacy is maintained across all subject areas.
A large percentage (around 10%) of students enrolling in school X come from homes where Welsh is their first language and have until now attended Welsh language primary schools. The school is able to provide extra support and intervention to ensure these individuals are able to make a smooth transition to English language teaching. Teachers provide key words translation sheets and learners are withdrawn from their timetabled lessons for additional English and literacy lessons when necessary. 

Methodology and Ethics 
Before starting the research study, an ethics form and proposal was completed and submitted for approval by the ethics board. Whilst completing this form the British Educational Research Guidelines (BERA) were adhered to.
Before pupils were expected to complete any aspect of the research the class was informed that the study was going to be looking at results from tasks that were used as part of their normal classroom learning on the topic they were currently studying. It was made clear to all pupils that they had the right to withdraw from the study at any time and that their answers would remain completely anonymous in the research paper. The school and the parents or carers of each student had received information regarding research in the classroom and each pupil had consent from their guardians to participate in the study.
The Pisa question selected (See appendix figure 1.) related to the recently completed topic of cells but in the unfamiliar context of cloning and Dolly the sheep. The term ‘clone’ is explained within the question to minimise the confusion of the pupils when reading the text. The class remained in their normal seating plan for all three lessons to minimise disruption.
During the initial ‘Pre-test’ lesson learners were asked to work under test style conditions, working quietly with no conferring. Each learner was handed a question sheet displaying a Pisa question with the maximum of 4 marks available. Learners were reminded that their performance in this task would not contribute towards their school grades and that the test was purely for research purposes and that all marks would be anonymised. At this point one individual asked for her marks not to be used in the write-up of the study. Learners were allocated 20 minutes to complete the task, all learners had completed their answers after 10 minutes; they were all asked to check their answers and papers were then collected to avoid any answers being shared or changed. 
During the intervention lesson learners were each given a sheet displaying an inference square (See figure 1). Learners were shown how to use an inference square as I used an example square on the whiteboard. Learners were then given a different PISA question and asked to attempt to use the inference square to guide them whilst answering the questions. Before attempting to fill out the inference square, learners were instructed to read the text and the questions in full. The sections on the inference squares were labelled in both English and Welsh to assist those pupils who joined School X from Welsh medium primary schools.
The inference square is designed to assist learners by breaking down knowledge into easy to understand sections. The first section of the inference square asked learners ‘what information is given?’ This requires learners to write down any key information displayed in the question. I had highlighted to the class that this information could be key words, facts and any information that appears new to them in the question.
Secondly the inference square asked learners ‘What do you already know?’ In this section it was explained that learners could write down any relevant knowledge they had on the subject of the question, whether it be from previous lessons or elsewhere.
The third and final section of the inference square required learners not only to recall information but to make links between what they know, and the question being asked; ‘What conclusions can I now make?’ This part of the inference square required learners to use higher order thinking and draw from existing knowledge and the information provided to formulate a conclusion. This skill was required for questions 3 and 4 on the test.
Some learners found filling out the inference square to be challenging in itself. Lower ability learners struggled to pick out relevant information and many chose to copy out extended sections of the text. Others struggled to link their knowledge to the question which displayed information in a real-life but unfamiliar scenario. Despite these challenges, the majority of learners in the class could become instantly engaged in the task and the inference squares seemed to give some structure to the learners’ understanding of the question.
Evaluation 
The PISA question selected for the research was chosen due to the class’s familiarity with the topic as they had recently completed their classroom topic of ‘Cells’. This question, although unfamiliar in situation was appropriate to the learners’ current knowledge and therefore should have been accessible to the class. Learners who could not grasp the concepts within the question would therefore display difficulty in their literacy and comprehension skills rather than their scientific knowledge.
The sample size in this study, 28, is very small. This is due to only one class being available and of that class only 28 pupils attending all three of the lessons over which the study spanned. Repeating this study with a larger sample size could greatly improve results and give a much better indication of the effectiveness of inference squares as an intervention measure. As the class were of a lower ability, it would be beneficial to repeat the study with groups of varying abilities and compare any differences in the data collected. It is possible that learners who are of higher ability or are more able and talented (MAT), would be able to make better use of the inference square tool. The PISA questions are quite lengthy, which could instantly put learners struggling with reading skills at a disadvantage.
Class Y often struggle with new concepts and approaches. Introducing the inference square in only one lesson, might not have been sufficient for all learners in the class to grasp the concept of how they can be used. This could have resulted in learner confusion and ultimately poor performance in the post-test. One way in which this could be avoided would be to slowly incorporate inference tools into lessons over a longer period of time and a more diverse range of questions. This would improve familiarity with the tool and learners could become more comfortable using them in a test situation.
Out of the 28 pupils in class Y only 23 of them were present for all three lessons of the research. I have therefore decided to omit those pupils who were absent from my analysis to give a more reliable data set. The results showed that the mean score in the pre-test was 2.04/4 and in the post- test decreased slightly to 1.96/4. During the pre-testing stage the highest mark achieved was 4/4 and was awarded to only one pupil (pupil 13). During the post-test stage the highest score remained at 4/4 but the number of pupils reaching this grade increased to 2 (pupils 2 and 6). The lowest score in the pre-test was 0 with 4 pupils being awarded this mark, compared with only 2 pupils receiving 0 marks in the post-test.
Although the entire class received the same instructions on how to complete the task, as well as the same teaching of how to use inference squares, the way in which pupils approached the inference squares varied significantly. Some pupils made the most of the inference square to support their answering and recorded large amounts of information in each section, others failed to use their inference square at all or used the sheet for doodling.
It should be noted that the pupils’ ability to follow instructions also varied. Pupils were specifically asked to write their name on both their question papers and their inference squares at the start of the task, this instruction was then repeated at the end of the task. Despite being asked twice a number of sheets were handed in with no name. This suggests that some individuals were not paying attention and this lack of attention to instruction could also have affected their performance on the task.
                   
Graph 1- Showing class Y’s results in both the pre and post test


                  
Graph 2- Showing the change in marks awarded between pre and post-testing.

As graph 2 shows, 9 of the 23 pupils improved their results at the post-test stage. Pupil 6 showed the greatest improvement with a result improving by 3 marks from 1 to 4. Similarly, 9 of the 23 pupils showed a decrease in their scores. Pupils 3 and 11 showed to greatest reduction in marks with a decrease of 3 marks, both from 3 to 0. The remaining 5 pupils maintained the same score as the pre-test stage 4 out of 5 of these pupils scored a 3 on both occasions.
It is important to look more closely at the types of questions the pupils were answering correctly and incorrectly and attempt to find a link to the way in which they completed their inference squares. Firstly I will look at the pupils who have made an improvement in marks between the pre and post-test. Pupils 18,19 and 20 all made similar attempts at using the inference squares, some basic knowledge was written. Pupil 18 included some information about cells which linked to the only question they got correct in the test. Pupils were sat in their usual seating plan for each lesson, it might be important to note that pupils 18,19 and 20 all received a mark of 0 pre-test and a mark of 1 post-test. Although this trend may be coincidental, it is important to consider that some form of copying might have taken place.
Pupil 2 received 100% in the post test, an improvement of 25%. This pupil displayed excellent use of the inference square. Each of the sections were completed at length, containing all correct information, albeit some irrelevant. Pupils 6 and 15 improved significantly from 1-4 marks and 0-2 marks respectively. Both of these pupils made good attempts at completing the ‘what does the question tell us?’ and ‘what do we already know?’ sections but failed to complete the ‘What conclusions can I make?’ section. These 5 pupils seem to have possibly improved their results as a result of effective use of the inference squares. In contrast, pupil 5 increased their score from 2-3 but a very poor attempt was made at completing the inference square. The limited information that was recorded in the square was irrelevant to the questions being asked such as ‘they live in woods and fields’ and ‘animal of the year’. No attempt was made at the conclusion and no scientific information was recorded, this could suggest a lack of understanding on how to complete the inference square. The improvement shown must therefore be due to other factors such as familiarity with the question or possibly luck or guesswork.	
If we look more closely at some of the pupils whose marks remained unchanged we can again see a range of attempts at using the squares. Pupils 1 and 8 both attempted the first two sections but left the conclusion section blank. Pupil 1 used some scientific knowledge but left some sentences unfinished, ‘a cell is…’, suggesting they were unsure of some scientific content. Pupil 8 recorded some incorrect information on their inference square and proceeded to lose a mark on the question related to this information. Pupil 17 made a very good attempt at utilising the inference square and completed each section at length, however little scientific knowledge was recorded in the ‘what do I know?’ section, with little link to the topic of ‘cells’ which may have played a part in not improving their results. In contrast, pupil 4 made ineffective use of the tool, recording only irrelevant information with no scientific links, for example ‘Live on farms’ and ‘Live in Wales’. It is no surprise that this pupils’ mark remained unchanged.
We can then look at some examples of inference usage in pupils whose marks decreased between pre and post-testing. Firstly pupil 13 made some attempt at answering all three sections of the square but failed to include any information relating to the topic of cells. This pupil then went on to lose a mark in a question relating to cells which they had previously answered correctly in the pre-test resulting in a score change from 4-3. Pupils 9 and 11 lost marks scoring 2-1 and 3-0 in the pre and post-test respectively. Both of these students recorded incorrect information of their inference squares and showed some confusion between the terms ‘cell’ and ‘nucleus’. Both pupils then lost marks as a result of these inaccuracies. Pupil 10 showed a reduction of 3-1, a very basic attempt was made at completing the inference square with no scientific knowledge being displayed. However, pupil 10 did manage to lift some key points	from the text and this resulted in scoring in the related question. Pupil 3 shows an interesting result dropping in score from 3-0. By looking at their inference square we can see that all three sections were attempted, and some basic scientific knowledge is displayed. This pupil seemed to struggle with the conclusion and instead lifted information directly from the text, this might suggest a lack of understanding of the topic or an inability to apply knowledge to the situation. Questions 3 and 4 were both answered correctly in the pre-test by this pupil but both incorrect in the post-test. These questions require the pupil to use their higher order thinking in order to make a conclusion. This along with the difficulty completing the inference square suggests the pupil had simply guessed at the answers for questions 3 and 4 on both the pre and post-test.																						
Answering lengthy, more complex questions is a skill that needs to be taught early on in secondary schools in order to prepare learners for their GCSE examinations during key stage 4 (KS4). GCSE science papers now contain one quality of written response (QWR) questions which contributes 10% to the total marks available. This type of question requires a high level of content understanding as well as the ability to apply strong literacy skills. Pupils are expected to spell key words correctly and structure answers in an appropriate and logical manner. Simple multiple-choice style questions are not sufficient in testing for higher order thinking skills such as evaluating or creative thinking (Brame, 2013). The introduction of this type of question highlights the importance of cross-curricular literacy skills and scientific literacy.
The question selected only consisted of 4 marks in order to make the task as straight forward as possible for the pupils participating. It is possible that if a test containing a larger amount of questions had been used the data would have given a more general indicator of the ability of the class. The task was also kept short in order for it to be used as a normal in lesson task. Pupils therefore did not feel as though they were being examined by instead, completing a relatively normal in-class assessment, as they do every lesson.
One of the most effective ways I have found to improve pupil performance in assessments is to provide targeted and meaningful feedback. Explaining to students where they went wrong and what they could do differently. Pupils were not offered feedback or even awarded a score after the pre-test assessment as this would have had an effect on the post-test result and effected the validity of the study. Lack of feedback after the initial testing may have resulted in the pupils thinking that they had answered incorrectly the first time and so changed their answers in the post-test in order to maximise their chances of getting the question correct at least once.
To summarise, despite the mean score dropping between the pre and post-test, there might be some reason to believe that inference squares can play a part in ordering a pupil’s knowledge and have an effect on the achievement when answering questions when used correctly. One explanation for learners scores decreasing in the post intervention test is that learners simply guessed the answer both times.

Conclusions 
Although the mean score declined slightly in the post-test data set, the change was not significant. This however, does not necessarily mean that inference squares cannot have their place in improving learners’ ability to answer literacy-based science questions.
There are a range of factors which might have interfered with the outcome of this study including sample size, age of test group, question selected and the inconsistency of the classroom setting.
Some learners seemed to instantly take to the inference squares, whereas others saw them as more work for them to complete. These learners therefore might have developed a negative attitude to the task which might have had an adverse effect on their performance.
It is clear that more research needs to be undertaken in this area. Although learners might be able to memorise scientific facts, they may not possess the ability to apply that knowledge to unfamiliar situations, make predictions or draw conclusions using their knowledge. Teaching students how to tackle questions and the skills relating to applying knowledge in different contexts, need to be held with as much importance as the subject content knowledge being taught (Krathwohl et al. 1964). 
The use of intervention techniques such as using inference tools can allow teachers to guide learners whilst improving their literacy skill set, and potentially be of huge benefit to students within the classroom (Clarke, 1991). Simply memorising and regurgitating facts is not sufficient in these types of tests, a higher order level of thinking needs to be developed. Pupils who struggled with these higher order thinking skills scored fewer marks in the 3rd and 4th questions on the test and many of those who scored poorly on these questions also struggled when completing the outer section of the inference square which required them to draw conclusions from the information given.
Educational reform is essential for learning to evolve alongside the modern world. Milner et al. (2017) supports this belief; she explains that the introduction of the ‘No Child Left Behind’ (NCLB) policy, introduced by President George Bush in 2001 brought science back into the forefront of elementary school education. NCLB ensures that science is taught at a high standard and is viewed with great importance alongside mathematics and English. Milner states that before the NCLB reform, science took a back seat on the curriculum as greater emphasis was placed on mathematics and reading. Previously, national assessments focused predominantly on mathematics and reading, which brought about competition between schools. Since adding science assessments into the NCLB policy science teaching and therefore attainment has improved.
It is vital that education professionals continue to look for new ways to improve their teaching and that regular educational reform takes place to allow learning to evolve with the modern world.
Limitations and Future Development 
The Pisa questions used in this study are written for pupils around the age of 14/15 years old. The sample of learners tested were only 11/12 years of age. This suggests that the content and wording of questions would have been challenging for this group of pupils, especially due to their academic ability as a class. Unfortunately, this class was the only class available to me to undertake the study. I was able to choose a question that covered the topic they had recently completed and contained relatively simple language compared to some others in order to minimise the effect of this on the results. Ideally if this research was to be continued a sample of older, more age appropriate pupils could be used.
Another limitation of this study is that during the post test questioning the same question was used. The pupils were therefore familiar with the question and this could possibly give an advantage when answering. Using the same question however, does minimise any risk of the questions being of varying difficulty and ensures that the inference square intervention be the most likely reason for any change in achievement during the post-test assessment.
For some pupils who might have struggled with the text and as a result recorded incorrect information onto their inference squares, the inference squares might have been a hinderance as they then were using an incorrect set of ‘facts’ in which to answer the questions. Regular incorporation of inference tools in lessons might reduce the chance of confusion and result in more effective usage of the tools and in turn improve pupil achievement. The wording of the sections displayed on the inference square could be adapted and simplified to ensure learners know what kind of information is relevant to the question being asked.
Unfortunately, due to timetable constraints, the pre test lesson was delivered in an unsuitable environment of a design technology computer room. Pupils had minimal desk space to complete the task and numerous distractions were incurred including machinery noise from neighbouring classrooms and constant disruption by individuals moving in and out of the room. This setting was less than ideal not only for the pupils to complete the task under test conditions, but also for me to explain the task to the class and ensure understanding (Kausar et al, 2017).
The intervention lesson was delivered in a slightly more suitable setting of an art classroom and the post test lesson in a modern foreign languages (MFL) classroom. This inconsistency in setting would undoubtably play a part in the performance of pupils during this task. Unsuitable classroom environments can have a detrimental effect on pupil focus and therefor reduce attainment (Barth et al. 2004).  In order to improve validity of the results the sequence of lessons should take place in the same room, this will minimise any environmental effects on pupil performance. Ideally the classroom used for the research should be organized, vibrant and well equipped for the lesson taking place, in order to maximise student learning and performance. (Kausar et al. 2017, Suleman and Hussain, 2014).
As a multiple-choice style comprehension question was used to make the task more accessible to the class, it is possible that pupils might have guessed their answers. This could result in accidental correct answers, not based on understanding. Also, pupils who have guessed answers on the pre-test might change their answers on the post-test as an attempt to get the answer correct at least one of the times. This obviously can result in the data collected being affected and any trends being invalid. Open response style questions are able to give a more accurate representation of learner ability (Stankous, 2016). However, multiple choice questions are a better indicator of understanding than true or false style questioning and multiple-choice tests are less susceptible to marker bias as each question has only one correct answer.
The sample size used was small and therefore cannot give an accurate indicator of how effective the intervention was on improving test scores. This was further hindered by the attendance of the class, which varied greatly over the three lessons, resulting in a greatly reduced sample size. By repeating this experiment using a larger sample size and a range of students over the 11 to 16 age range a more indicative data set could be developed and a more reliable conclusion could be drawn.
Ultimately inference squares do seem to play an important role in the way in which pupils structure their answers, when dealing with comprehension style questions. Therefore can be utilised as a useful tool whilst preparing pupils for examinations.





















Appendix
Figure 1. Pisa Question selected[image: ]
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Figure 2. Inference Square used for intervention
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Figure 3. Graph showing raw results of all 28 pupils in class in pre and post-test lessons before omissions.
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Read the newspaper article and answer the questions that follow.

0

5

A copying machine for living beings?

‘Without any doubt, if there had been
elections for the animal of the year 1997,
Dolly would have been the winner!
Dolly s a Scottish sheep that you see in
the photo. But Dolly is not just a simple
sheep. She is a clone of another sheep.
Aclone means: a copy. Cloning means
‘copying “from a single master copy”.
Scientists succeeded in creating a sheep
(Dolly) that is identical to a sheep that
functioned a5 a “master copy”

Tt was the Scottish scientist Ian Wilmut
who designed the *copying machine’ for
sheep. He took a very small piece from
the udder of an adult sheep (sheep 1).
‘From that small piece he removed the

‘nucleus, then he transferred the nucleus
into the egg-cell of another (female)
sheep (sheep 2). But fist he removed

20 from that egg-cell all the material
that would have determined sheep 2
characteristics in a lamb produced from
that egg-cell. Tan Wilmut implanted the
‘manipulated egg-cell of sheep 2 into yet

25 another (female) sheep (sheep 3). Sheep 3
‘became pregnant and had a lamb: Dolly.
‘Some scientists think that within a few
‘years it will be possible to clone people as
‘well But many governments have already

30 decided to forbid cloning of people by law:

197
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QUESTION 4.1
Which sheep i Dolly identica tot
A Sheept

B. Sheep2

C sheep

D. Dolly’s father

QUESTION 4.2

In line 14 the part of the udder that was used is described as “a very small piece". From the
article text you can work out what is meant by “a very small piece”.

“That “very small piece” is

Aacell

B agene.

C acell nucleus.

D 2 chromasome.

'QUESTION 4.3
In the st sentence of the article i stated that many governments have alveady decided to forbid
cloning of people by law.

Two possible reasons for this decision are mentioned below.

Are these reasons scientific reasons?

Circle either “Yes” or “No* for each.

‘Cloned people could be more semsitiv to certain discases than norml people. Yes/ No

People should not take over the role of a Creator.

Yes/No
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Pa gasgliadau y medraf ei gwneud?
What conclusions can | now make?

Beth ydw i'n gwybod?
What do | already know?

Pa wybodaeth sy’n cael ei roi?
What information is given?
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