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[bookmark: _Introduction]Introduction

School A is a popular, well-performing, English-medium Secondary School for pupils aged 11-16. About 50% of the more than 1200 pupils currently on roll opt to attend the school even though they reside outside the normal catchment area. A significant number of pupils (40%) are on the special educational needs register and the school has two specialist teaching units on site, one for dyslexic pupils and the other specialising in autistic spectrum disorder. The class chosen to take part in the research is a mixed ability Year 8 science group. A total of 27 pupils are in this class.

This research study is going to investigate the impact of inference square use on scientific literacy. The reason for choosing this study is because according to Donaldson (2015) improving the performance of pupils in Wales in Programme for International Student Assessment (PISA) tests is a key priority for governments and school leaders. By improving scientific literacy, it is hoped that pupils will perform better in PISA tests. The exact research question for this study will be: What impact does the use of an inference square have on pupils’ ability to answer scientific-literacy focused PISA questions? In order to answer this question a number of sub-questions have become apparent: What do the terms ‘inference’ and ‘inference square’ mean? What does the term ‘scientific literacy’ mean? What does the term ‘PISA’ mean? These sub-questions will become the focus of the literature review. Current school policy and practice will be examined. An application for ethical approval was submitted and granted by the University prior to starting the study and the ethical considerations will be further discussed in more detail later as will a critique of the chosen methodology. An evaluation of findings will be presented. Conclusions will be drawn and recommendations for further investigation will be made. Limitations of the study will be identified together with suggestions for future professional and personal development.






1
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The first section of the literature review will be concerned with the meaning of inference and inference squares. Within the Cambridge Dictionary (2019), inference is described as “a guess that you make or an opinion that you form based on the information that you have”. An example given in this dictionary is “they were warned to expect a heavy air attack and by inference many casualties”. The Collins English Dictionary (2019) describes inference as “the act of drawing conclusions about something on the basis of the information that you already have”. An example given in this dictionary is “it had an extremely tiny head and, by inference, a tiny brain”. From this information it can be assumed that inference means drawing a conclusion from multiple pieces of information.

Kispal (2008) conducted a review of research evidence on inference skills for reading and came to the conclusion that “the ability to make inferences is, in simple terms, the ability to use two or more pieces of information from a text in order to arrive at a third piece of information that is implicit”. An example given here is that “inference can be as simple as associating the pronoun ‘he’ with a previously mentioned male person. Or, it can be as complex as understanding a subtle implicit message, conveyed through the choice of particular vocabulary by the writer and drawing on the reader’s own background knowledge”. She also identified that “inferencing skills are important for reading comprehension” and that “the National Curriculum lays much emphasis on the skills of inference, especially at Key Stages 2 and 3”.

Kispal (2008) also identifies that inferencing skills are very difficult to teach and in order to be good at inferencing, pupils need: to be active readers who want to make sense of the text, to be able to monitor comprehension and repair misunderstandings, to have a rich vocabulary and to have a competent working memory. This suggests that pupils need a solid grounding in using literacy skills, in particular comprehension to be able to be successful at inferencing. It also suggests that successful inferencing means being able to understand a text rather than just reading words. If pupils can only read words in assessments and have no real understanding of what the text means, then they cannot know what they have to do or infer by using multiple pieces of information. Marzano cited in Reading Rockets (2019) supports these facts by claiming that “inference is a ‘foundational skill’ – a prerequisite for higher-order thinking and 21st century skills and that because inferring requires higher order thinking skills, it can be difficult for many pupils”. However, he goes on to claim that “it can be taught through explicit instruction in inferential strategies” which include posing four questions to pupils: What is my inference? What information did I use to make this inference? How good was my thinking? Do I need to change my thinking? Beers cited in Reading Rockets (2019) identified a method called “it says, I say, and so”. She makes the process of learning inference easier by using a graphic organiser (Appendix A).

Reading Rockets (2019) claims that inferences are what we figure out based on an experience. Helping pupils understand when information is implied, or not directly stated, will improve their skill in drawing conclusions and making inferences. These skills will be needed for all sorts of school assignments, including reading, science and social studies. Inferential thinking is a complex skill that will develop over time and with experience (Reading Rockets, 2019). It appears from this information that inferencing is a difficult skill which needs practice to become an expert. Marzano cited in Reading Rockets (2019) informs us that “inference skills are used across the curriculum, including English language, arts, science and social studies”, therefore, there is plenty of opportunity for pupils to practice these skills.

In order to become effective at inferencing, another suggestion as opposed to the graphic organiser (Beers cited in Reading Rockets, 2019) has been identified by Oldham Sixth Form College (OSFC) (2012) who claim that in order to develop inference skills pupils can use an inference square or an inference grid (Appendix B). They claim that “the inference square is a particularly effective strategy for stimulating curiosity and for encouraging students to take ownership of the enquiry process. It is also useful for students who tend to take information at face value, as it encourages them: to ‘read between the lines’ – drawing inferences from what they see or read; to take a more critical approach to the information and evidence they are using during their enquiry, therefore increasing the validity of their conclusions” (OSFC, 2012). Inference squares therefore appear to be a very good resource to encourage pupils to understand and respond fully to a given question. However, for them to be able to do this, pupils really need to be practicing inference skills, perhaps using inference squares, from at least the beginning of Key Stage 2 teaching.

OSFC (2012) suggest the following method for using the inference square successfully. It suggests organising pupils into groups of four and distributing the source and the inference square template to each group, then instructing the pupils to work outwards from the centre, responding to a series of questions, for example: What does the source, picture or information tell them for certain? What can they infer (work out) from this source? What do they already know? and What conclusions can they now make? The last two questions are sourced from UWTSD (2019) documentation.

OSFC (2012) outline that these questions draw students into an increasingly sophisticated analysis and evaluation of the source. Teachers can encourage pupils to explain the inferences they have made by asking questions such as: What made you think that? and What are the clues in the source that led you to that conclusion? Use of these inference squares therefore encourages higher level thinking and discussion about a topic, pupils bring to the table their own background knowledge which can be applied to aid their understanding. OSFC (2012) claim that this is especially effective if they are working in small groups where they can share past knowledge with each other. Could this then be an ideal way to encourage scientific literacy?

The literature will now go on to discuss the meaning of scientific literacy. Learning about science is important because it helps to understand about the world and provides solutions for difficult problems in real life situations (European Springs, 2017). Khan (2015) states that “science is too important, valuable and fascinating to be left to professional scientists alone. For the good of society, the public, and scientific progress itself, science needs a broader community”. Therefore, science learning should be delivered through the school curriculum and be available to all.

Snow and Dibner (2016) have defined science as “a way of knowing about the world. At once a process, a product, and an institution, science enables people to both engage in the construction of new knowledge as well as use information to achieve desired ends”. The Science Council (2019) define science as “the pursuit and application of knowledge and understanding of the natural and social world following a systematic methodology based on evidence” which means that people need to understand scientific principles in order to understand how the world works.

Education Wales (2019) in the new Curriculum for Wales, to be introduced in 2022, identifies that “science and technology draws on the disciplines of biology, chemistry, computer science, design and technology, and physics to enhance our knowledge and understanding of the world” and that “developments in both Science and Technology have always been drivers of change in society, underpinning innovation and impacting on everyone’s lives, materially, economically and culturally”. This means that not only does science teach about existing knowledge and principles but drives innovation to make new advances and discoveries.

Snow and Dibner (2016) claim that “access to science – whether using knowledge or creating it – necessitates some level of familiarity with the enterprise and practice of science: we refer to this as science literacy”. They go on to claim that scientific literacy is “more than just basic knowledge of science facts, contemporary definitions of science literacy have expanded to include understandings of scientific processes and practices, familiarity with how science and scientists work, a capacity to weigh and evaluate the products of science, and an ability to engage in civic decisions about the value of science”. So scientific literacy can be interpreted as being more about the application of science rather than just understanding the theories.

Education Wales (2019) in the new Curriculum for Wales 2022 identify that “the importance of scientific and technological literacy in our modern world cannot be understated. It is not sufficient that learners can simply ‘do’ Science and Technology”. This means that pupils have to be able to ‘apply’ these scientific principles in the modern world and are able to understand the consequences of applying these principles. An example question given by Education Wales (2019) is “just because we can, does that mean we should?”

The Organisation for Economic Co-operation and Development (OECD) (2018a) defined scientific literacy in 2015 as being “the ability to engage with science-related issues, and with the ideas of science, as a reflective citizen”. They describe a scientifically literate person as being willing and able to engage in discussion about science and technology, to have the ability to explain phenomena scientifically, to be able to interpret data and evidence, to describe and appraise scientific investigations.

Grant and Lapp (2011) identify four actions that help pupils become critical thinkers thus fostering scientific literacy. The first action is to identify science topics of interest where an astute teacher can weave real world science topics into a standards-based curriculum. The second action is then to engage pupils in reading the research, here the teacher could select relevant literature for the age group being taught. The third action is to teach pupils to read like scientists, here the teacher will need to get the pupils to become familiar with and understand scientific vocabulary and to demonstrate how to use graphs, charts, data tables and to perform data analysis. The fourth action is to guide pupils to evaluate data, so here the teacher will need to devise ways to practice interpreting data in relation to whatever they are trying to find out. As per the new Curriculum for Wales wanting to develop scientific literacy for pupils there would need to be opportunities for teachers to develop the skills mentioned by Grant and Lapp (2011) for them to understand how to incorporate these opportunities into schemes of work reflecting the new Curriculum for Wales 2022.

OECD (2018a) have decided that the use of the term ‘scientific literacy’ rather than ‘science’ will underscore the importance that the PISA science assessment places on the application of scientific knowledge in the context of real-life situations. It is therefore vitally important then that schools take on board this teaching of scientific literacy for pupils to have any chance of performing more effectively in PISA tests.

The final part of this literature review will discuss the meaning of PISA. “The Programme for International Student Assessment (PISA) is a triennial international survey which aims to evaluate education systems worldwide by testing the skills and knowledge of 15-year-old students who are nearing the end of their compulsory education” (OECD, 2018b). The OECD (2018b) go on to identify that over 90 countries now participate in the assessment which began in 2000. Pupils are assessed in reading, mathematics and science. Other domains have been added since 2000 and now include collaborative problem solving, global competence and some countries are assessing in financial literacy. OECD (2018b) also gather information on the background of the student and the school environment which could have an influence on their performance.

Interestingly, the OECD (2018b) claim that PISA assesses how well pupils can apply what they learn in school to real-life situations. This links with Education Wales’ (2019) definition of scientific literacy in that students have to not simply ‘do’ science, they have to be able to ‘apply’ the scientific principles in the modern world.

The UK has not performed particularly well in PISA tests in science since their introduction in 2000. In the 2012 results, the UK had a mean score of 514 (OECD, 2012) and in the 2015 results, the UK had a mean score of 509 (OECD, 2015) showing that the performance had decreased slightly. Wigdortz (2016) identifies that in order to improve PISA results, the UK needs to increase the number of Science, Technology, Engineering and Mathematics (STEM) teachers as this is where the highest vacancy rate of any subject lies. He also suggests that recruitment is particularly difficult in areas with high levels of deprivation. This suggests that despite Government incentives to recruit new teachers from STEM disciplines these still appear to be the hardest vacancies to fill.

Singapore is now the top performing country, coming top in science, mathematics and reading in PISA tests (Coughlan, 2016). According to Coughlan (2016), Singapore has focused relentlessly on education as a way of developing its economy and raising living standards. He claims that as a result, it has overtaken the wealthiest countries in Europe, North America and Asia to become number one in education. Lee cited in Coughlan (2016) thinks this is due to the standard of teaching. Singapore recruit teachers from the top 5% of its graduates, all are trained at the National Institute of Education and this controls the quality of teachers and ensures that they are confident to go through to the classroom. However, this might be difficult to replicate in other countries because Singapore is much smaller in size than some wealthy countries in Europe, North America and Asia.

However, teacher recruitment and training are not the only factors that affect success in Singapore. According to Truax (2017) “Singapore is superior because the classes are focused on teaching the students specific problem-solving skills”. Interestingly, Yuliati et al. (2018) concluded in an investigation that students who have high problem-solving skills also have high levels of scientific literacy. This means that pupils with high problem-solving skills are doing better in PISA tests. Truax (2017) goes on to state that “Singapore also has incorporated a strategy called ‘Teach Less, Learn More’ which encourages teachers to focus on the quality of education, not the quantity”. This raises the question as to whether the curriculum in the UK should be reduced in order for teachers to spend longer developing problem-solving skills of pupils rather than just teaching content. Also, in Singapore, 70% of parents sign their children up for extra classes outside of their regular school hours (Truax, 2017). The project does not say, however, whether these extra classes are free or not. If free, this disadvantages children in the UK since extra classes would often have to be paid for here. Truax (2017) also identifies that “over half the material in local book stores is dedicated to educational material”. This is in direct contrast to local communities, particularly in Wales, where councils are having to close many of their libraries due to budget cuts (Tegeltija, 2015). This makes reading material much more difficult to access especially for the younger population in deprived areas, early reading is the basis for literacy development (PACEY, 2019). One disadvantage of the Singaporean educational system identified by Truax (2017) is that “recently many students have reported rising levels of overstress and psychological problems brought on by academic rigor”.

To conclude this literature review it has become apparent that there is a possibility that using inference squares can develop scientific literacy skills as they encourage pupils to work together, discuss answers and draw on background knowledge. Having good scientific literacy skills enables pupils to apply knowledge to real-life situations rather than just understand theories. Pupils need to have good literacy skills to enable them to become scientifically literate or use inference skills. It would appear from the literature that good scientific literacy skills lead to good problem-solving skills and therefore a possible improvement in performance at PISA tests.
[bookmark: _School_Policy_and]School Policy and Practice

At School A there was a ‘Literacy Skills across the Curriculum’ document which showed what pupils should achieve at Key Stage 3 in literacy. Towards the end of this document there were two exercises (Appendix C) where pupils could practice their inference skills. However, they would probably need some additional information along with the pictures to practice inference skills fully. It seems that School A is aware of literacy requirements across the curriculum but to be really effective these literacy skills should be embedded into each and every lesson for pupils to see how they benefit from them. According to Tatham (2019) “a built-in approach to information literacy can help ensure relevancy”. Pupils will be much more likely to understand how learning literacy skills will be of use to their futures if they are embedded. Looking at several schemes of work for the science department at School A, it seems that teachers are identifying where naturally occurring opportunities to develop these literacy skills exist.

School A did not however have a policy on scientific literacy or a cross-curriculum scientific literacy document. This would be a valuable tool given the way the world is becoming more scientific and technical, as identified in the literature (Education Wales, 2019). As with literacy skills, embedding scientific literacy would help pupils see the benefit of developing these skills to their future lives. Developing scientific literacy skills may also help pupils to improve their performance in PISA tests (OECD, 2018a).

Several science department schemes of work (Appendix D) from School A have been examined and none of these shows specifically where scientific literacy skills are developing, although in a few sections it appeared that this was happening naturally, for example, the information learned about food groups could be applied to eating a healthy diet. Would it be a good idea then for schemes of work to show where teachers are considering opportunities for scientific literacy skills to be developing and therefore to make the most of these opportunities?

On the limited number of schemes of work examined there was also no use of inference squares made, which potentially could have been useful as the literature shows this tool to be effective in developing scientific literacy. Within the science lessons observed there was never an inference square used, so teachers are probably unfamiliar with this as a tool for learning. A suitable lesson for use of an inference square may have been inferring suitable habitats for animals based on their characteristics. For this study it was decided to establish whether inference squares were effective in attempting to answer three sample PISA questions (Appendix E).
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Cochrane and Puvaneswaralingam (2012) identify that “all studies need to have a purpose and aim to develop knowledge or understanding in a particular area”. The aim of this research was to establish whether the use of an inference square improved scientific literacy in order to improve pupils’ ability to complete PISA questions correctly. The research question was: What impact does the use of inference squares have on pupils’ ability to answer scientific literacy focused PISA questions? The sub-questions were: What do the terms ‘inference’ and ‘inference square’ mean? What does the term ‘scientific literacy’ mean? and What does the term ‘PISA’ mean? Kinmond (2012) states that “a clear and appropriate research question, or set of interrelated questions, forms the foundation of good research”.

The topic was allocated to the researcher by the University but became interesting to the researcher after conducting some background reading. The hypothesis for the study was that use of inference squares will improve scientific literacy and therefore improve performance in PISA results. Verma and Beard cited in Bell and Waters (2014) define hypothesis as “a tentative proposition which is subject to verification through subsequent investigation”. They go on to state that the hypothesis is a hunch on the part of the researcher that there is a relationship between variables. Due again to inexperience on the part of the researcher, the hypothesis had too many variables. It might have been better to split the hypothesis into two pieces of research. One of these would examine whether the use of inference squares would affect scientific literacy and the other would establish if being scientifically literate improves performance in PISA tests.

Bell and Waters (2014) describe a number of approaches to research. One of these is ‘Experimental style’ where experiments are relatively easy to plan and deal with measurable phenomena. Tymms cited in Arthur et al. (2012) identifies that an intervention is a deliberate attempt to change something with a view to assessing the impact of that intervention. The research styles chosen were a mixture of experimental and intervention because the ability to answer PISA questions was recorded before and after the introduction of an intervention, namely the inference square. Sometimes when interventions are being tested it is useful to have a control group described by NICE (2019) as “a group of people in a study who do not have the intervention or test being studied”. NICE (2019) also identify that “ideally, the people in the control group should be as similar as possible to those in the intervention group, to make it as easy as possible to detect any effects due to the intervention”.

The group that took part in the research was a mixed-ability, Year 8 class. This group was chosen because it was the only group available to the researcher at the time of the study. This type of sample is one of convenience. HealthKnowledge (2017) identify convenience sampling as the easiest method of sampling because participants are selected based on availability and convenience. Advantages of convenience sampling are that it makes it easy to carry out the research, data collection can be facilitated in a short period of time and it is relatively cheap to implement. Disadvantages of convenience sampling include being highly vulnerable to selection bias and influences beyond the control of the researcher. This can lead to a high level of sampling error and low credibility of results (Dudovskiy, 2019). Unfortunately, inexperience on the part of the researcher meant that the sample did not fully understand what they had to do and therefore the sample size who actually participated fully was reduced to 5. If samples are too small it can compromise the conclusions drawn from the study (Faber and Fonseca, 2014).

Bell and Waters (2014) state that all data collection tools should be reliable and valid. Data was collected using a data collection tool which took the form of three sample PISA questions. The data collection tool was used prior to and after an intervention. The data collection tool used was deemed to be reliable and valid because it was produced by the OECD. The researcher converted answers from the original mark scheme of full, partial and no credit to 2, 1, and 0 respectively to make data analysis easier. The data obtained was quantitative in nature. Bell and Waters (2014) state that quantitative researchers collect facts and study the relationship of one set of facts to another using numerical data. Bell and Waters (2014) also identify the importance of carrying out a pilot study prior to the research, claiming that “no matter how pressed for time you are, it is essential that you pilot your returns forms and the instructions to respondents”. This is to ensure that the data collection tool collects appropriate data and respondents understand exactly what they have to do. On reflection, the data collection tool should have included just one PISA task as more than one was confusing to the pupils.

Bell and Waters (2014) identify that the collection, storage, security and dissemination of data are the researcher’s responsibility. Research must be carried out within the conditions of the General Data Protection Regulation (GDPR) (2018) and any other guidelines that relate to the people or organisations information is being collected about. With regard to this research study, confidentiality was ensured by the data collected only being visible to the researcher and the University lecturers who marked the work. Pupils wrote their names on the tests in order to see any difference that the intervention made. However, in future the researcher realises that in order to preserve anonymity each pupil should have been given an identification number. Paper data collected during the tests has been kept in a locked briefcase and only been available to the researcher. Electronic data has been stored in a password protected file. To comply with the GDPR (2018) the information will only be used for the purpose it was intended and it will be destroyed when the research study is complete.

The Belmont Report cited in Brooks (2014) stipulated “three basic principles for ethical research: respect for persons, beneficence (non-maleficence) and justice”. According to Belmont cited in Brooks (2014), respect for persons on the one hand means acknowledging autonomy, and on the other protecting those with diminished autonomy. So, people should be given sufficient information to make up their own minds to participate in research and those who cannot make up their own minds should be protected. Belmont cited in Brooks (2014) states beneficence and non-maleficence refer to respectively as doing good and avoiding the risk of harm. This means that research should always be done with the intention of doing good and not intentionally doing harm. Belmont cited in Brooks (2014) states that justice refers to a fair distribution among people of burdens and benefits. This research study follows ethical guidelines in that an ethics form was submitted to the University board before starting to ensure that it was consistent with those features outlined above. The University passed the proposal allowing the research to go ahead. Permission was gained from the School to carry out the research and informed consent was gained from the participants.

The timeframe for the research was February to May in 2019. Failure on the researcher’s part to devise a timetable to complete components of this study by was a big downfall in its success. The researcher found it overwhelming to be carrying out a research study in addition to planning for day-to-day lessons. On reflection, there should have been an attempt by the researcher to formulate a timetable and to liaise with a supervisor, letting them know that difficulties were being experienced. Failure to do either of these resulted in the study having to be resubmitted. Bell and Waters (2014) stress that it is important to develop a good working relationship with the supervisor as chances of succeeding without support are slight.

A variety of literature has been reviewed as part of the research process. All work has been referenced using Harvard guidelines as imposed by the University. Key words were used to search for relevant literature using Google Scholar. Reliability and credibility of all sources chosen were ascertained before using.

A summary of the findings will now be made, and data will be presented in written and tabular form.
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Lesson 1 involved giving the pupils three sample science PISA tasks. Each task had either a piece of information or a picture and information, and a series of component questions. The first task had three components linked to the Ozone layer, the second task had two components linked to Daylight and the third task had three components linked to Cloning. This was a total of eight components (Appendix E). This involved a considerable amount of reading and on reflection it was probably a little ambitious for the 30-minute lesson that was allocated. As Truax (2017) identifies in the literature there possibly is a need for the curriculum in the UK to be reduced whereby pupils are given quality not quantity of teaching. This would have the effect of reducing the pressure on teachers to deliver too much information in one lesson. None of the information was believed to have been covered in previous lessons and therefore was all new to the pupils. In the future it would be wise to check what subject material pupils had covered beforehand. It might also have been a better idea to give just one PISA task so that the pupils could spend more time understanding the topic and preparing their answers.

Lesson 2 involved giving the pupils two different sample science PISA tasks. The first task had three component questions linked to the Greenhouse effect and the second task had three component questions linked to The Grand Canyon. This was a total of six components (Appendix F). It was assumed again that this was new information, and the length of the lesson this time was 60 minutes. The difference in this lesson was that the pupils were introduced to an inference square (Appendix B). Each pupil received a copy of the PISA tasks and a copy of an inference square for each task. The inference square was explained to the pupils and the questions from it were written on the board. The pupils then read through, individually, the first PISA task and wrote the answers to the inference square questions on the sheet. On reflection it might have been a better idea to put pupils into groups to allow them to work together and discuss answers. The OECD (2018a) state in the literature that a scientifically literate person will be willing to engage in a discussion and OSFC (2012) recommend that to use inference squares successfully pupils should be put into groups of four to work together and discuss their answers. This information was then fed back and discussed with the teacher using the board. Information was then given to the pupils on what they might have put into each section of the inference square. This was then repeated for the second task. With hindsight it probably would have been better to have just given the pupils the information on each of the PISA tasks (with component questions removed) and asked them to fill in the inference square using this information. Then the PISA component questions could have been introduced and it could have been established then whether it was easier for them to answer the PISA component questions after completing the inference square or not.

Lesson 3 involved giving the pupils the initial three sample science PISA tasks (Appendix E) again but also an inference square for each task. It was confusing for the pupils because there were questions everywhere. The PISA task questions and the inference square questions were all visible. So as identified earlier the research would have been much more effective if the PISA task questions had been introduced after pupils had filled in their inference squares. Bell and Waters (2014) suggest a pilot study to ensure that the data collection tool works effectively and collects the required data. Due to the confusion few pupils made use of their inference squares, so the results have been presented as a comparison between those that used their inference squares in lesson 3 and those that did not. Therefore, the sample now comprises of 5 pupils. This will hopefully give the researcher an idea of whether the inference square actually improved the test results but there are limitations in the methodology which have been identified in the previous section. Faber and Fonseca (2014) identify that if samples are too small conclusions can be compromised. After the presentation of the results, within the conclusion, the researcher’s ideas for an improved methodology have been given.

Results

There were 27 pupils present during all three lessons, however, only 5 attempted to use their inference squares to complete the post-intervention test. Therefore, the number of participants in the study is 5 and they will hereafter be referred to as the Sample. The remaining 22 pupils who did not use their inference squares for the post-intervention test could be thought of as a Control Group (NICE, 2019) and results for these pupils have been included under that heading.

PISA Task 1 Component 1 (1a)

The pupils were required to write an explanation of the comic strip using the words ‘atoms’ and ‘molecules’ in the same way as they are used in the text.

This is a non-multiple-choice question.

	
	Sample
	Control Group

	
	Pre
	Post
	Pre
	Post

	Number of pupils scoring
	0
	5
	5
	21
	19

	
	1
	0
	0
	1
	3

	
	2
	0
	0
	0
	0



From the results it can be seen that none of the pupils in the sample improved their score by using their inference square. However, within the control group, two pupils improved their score despite not using their inference square. From this information it can be concluded that the inference square made no difference to the results. The no change in the sample group could be as a result of the inference square being poorly explained and pupils not having had enough practice at using them during the intervention. The literature (Kispal, 2008) suggests that pupils should start using inference squares from the start of Key Stage 2 teaching.








PISA Task 1 Component 2 (1b)

The pupils were required to identify from a table whether the ozone formed during thunderstorms is bad or good and to identify why.

This is a multiple-choice question.

	
	Sample
	Control Group

	
	Pre
	Post
	Pre
	Post

	Number of pupils scoring
	0
	4
	2
	12
	14

	
	1
	0
	0
	0
	0

	
	2
	1
	3
	10
	8



From the results it can be seen that two of the pupils in the sample improved their score by two. It could be inferred that this happened because they used their inference square. In the control group the scores for two pupils declined by two, possibly because they did not use their inference square, or they simply guessed the wrong answer. Although this was a positive result in favour of the use of inference squares the sample size was too small to draw any reliable conclusions (Faber and Fonseca, 2014). On this question no pupil has scored 1. This has led the researcher to realise that on multiple-choice questions there is no possibility of scoring 1 mark, pupils will either score 0 or 2. This leads the researcher to believe that multiple-choice questions need to be addressed separately. If a pilot study had been carried out this problem may have been addressed before the main study (Bell and Waters, 2014).

PISA Task 1 Component 3 (1c)

The pupils were required to name a specific disease that they may be more susceptible to without ozone layer protection.

This is a non-multiple-choice question.

	
	Sample
	Control Group

	
	Pre
	Post
	Pre
	Post

	Number of pupils scoring
	0
	4
	4
	18
	19

	
	1
	0
	0
	0
	0

	
	2
	1
	1
	4
	3



From the results it can be seen that there was no change in the sample group implying that the inference square made no difference to them in this question. The control group score declined with one pupil scoring less in the post-intervention test, possibly implying that this was because they did not use their inference square.





PISA Task 2 Component 1 (2a)

The pupils were required to identify which statement explains why daylight and darkness occur on Earth.

This is a multiple-choice question.

	
	Sample
	Control Group

	
	Pre
	Post
	Pre
	Post

	Number of pupils scoring
	0
	5
	4
	15
	10

	
	1
	0
	0
	0
	0

	
	2
	0
	1
	7
	12



From the results it can be seen that one pupil in the sample group improved their score, possibly due to using the inference square. A total of five pupils in the control group improved their performance despite not using their inference square. This could possibly be due to lucky guessing or to actually inferring correctly (Cambridge Dictionary, 2019). However, if pupils were using their inference skills, why did they not get it right during the first test?

PISA Task 2 Component 2 (2b)

The pupils were required to label parts of the Earth to show its orientation during the shortest day in Melbourne.

This is a non-multiple-choice question.

	
	Sample
	Control Group

	
	Pre
	Post
	Pre
	Post

	Number of pupils scoring
	0
	5
	5
	22
	19

	
	1
	0
	0
	0
	3

	
	2
	0
	0
	0
	0



From the results it can be seen that there was no change in the sample group implying that the inference square made no difference to them in this question. Three pupils in the control group, however, improved their scores despite not using their inference square.











PISA Task 3 Component 1 (3a)

The pupils were required to identify which sheep the clone Dolly was identical to.

This is a multiple-choice question.

	
	Sample
	Control Group

	
	Pre
	Post
	Pre
	Post

	Number of pupils scoring
	0
	2
	2
	6
	6

	
	1
	0
	0
	0
	0

	
	2
	3
	3
	16
	16



From the results it can be seen that there was no change in performance for either the sample or the control group, implying that use of the inference square had no effect in this question.

PISA Task 3 Component 2 (3b)

The pupils were required to identify what is meant by “a very small piece”.

This is a multiple-choice question.

	
	Sample
	Control Group

	
	Pre
	Post
	Pre
	Post

	Number of pupils scoring
	0
	4
	4
	10
	9

	
	1
	0
	0
	0
	0

	
	2
	1
	1
	12
	13



From the results it can be seen that there was no change in the sample group implying that the inference square made no difference to them in this question. One pupil in the control group, however, improved their score despite not using their inference square.
















PISA Task 3 Component 3 (3c)

The pupils were required to identify whether the reasons given to forbid cloning of people were scientific or not.

This is a multiple-choice question.

	
	Sample
	Control Group

	
	Pre
	Post
	Pre
	Post

	Number of pupils scoring
	0
	1
	0
	6
	4

	
	1
	0
	0
	0
	0

	
	2
	4
	5
	16
	18



From the results it can be seen that one pupil in the sample improved their performance implying that the inference square may have had some effect in this question. Two pupils in the control group improved their scores despite not using their inference square.

Average Changes in Performance for Sample and Control Group

	
	Sample
	Control Group

	
	Pre
	Post
	Pre
	Post

	Total score
	20
	28
	131
	146

	Average score *
	4.0
	5.6
	6.0
	6.6

	Change in average score
	+1.6
	+0.6


* Values are rounded to one decimal place

From these results it can be seen that both groups have improved their performance post-intervention. The sample group improved the most. However, as pointed out by Faber and Fonseca (2014) sample sizes were very small so results cannot be proven.

Worryingly, many pupils in both the sample and control groups scored 0 for some questions, namely 1a, 1c and 2b. This indicates a lack of knowledge on these topics. It is obvious from this that pupils have to learn knowledge in addition to learning how to use inference squares. Education Wales (2019) identifies that people will need the knowledge to ‘do’ science but also the ability to ‘apply’ the knowledge in everyday life. This suggests that it is equally important for people to understand the principles of science as it is for people to be able to apply the knowledge they have learnt. Before being taught how to use inference squares pupils have to learn about the topic.

It can also be noted from the results that the questions requiring multiple-choice answers, namely 1b, 2a, 3a, 3b and 3c have a significantly higher pass rate compared to questions where pupils needed to write their own response. This could potentially indicate high levels of guess work on multiple-choice questions. This was a major realisation for the researcher when evaluating the data and something that will need to be borne in mind in future research. Multiple-choice answers will need to be marked in a different way to knowledge-based answers. This is because there is no partial credit available for multiple-choice questions. Teachers should ensure that pupils have accurate subject knowledge even for those questions that are assessed through multiple-choice, so that guess work can be eliminated.

[bookmark: _GoBack]See Appendix G for a complete set of results. Hard copies of pupils’ participation in the study is available from the researcher on request.





































[bookmark: _Conclusions]Conclusions

The hypothesis for the study was that use of inference squares will improve scientific literacy and therefore improve performance in PISA results. Overall despite there being flaws in the methodology it can be seen from the final table in the evaluation that both sample and control groups improved their performance. However, the sample group improved its performance by more than the control group. On average, each pupil in the sample group improved their score by one mark more than those in the control group. It is difficult however to prove that this was due to the use of inference squares as the sample group size was so small (Faber and Fonseca, 2014).

With hindsight the researcher has realised that the hypothesis was trying to measure too many things at the same time. Verma and Beard cited in Bell and Waters (2014) state that a hypothesis tries to measure a relationship between variables, and in this case, there were too many variables. The study should have been broken down into different parts, for example, trying to answer PISA questions and the questions on the inference square at the same time was too confusing for the pupils. Had the researcher been more experienced, it would have been realised that as this was an intervention study, it would have been beneficial to have had a real control group from the start (NICE, 2019). One group that had no intervention would have allowed more accuracy in claiming that the improvement was due to the intervention. An improved suggested methodology is outlined next.

On reflection after looking at the methodology and the results, it might have been a more effective approach to have chosen two classes of similar age and ability in the same school to have taken part in the study. Both classes would then be taught the same topic. At the end of this teaching phase, both classes would be randomly divided into two. One half from the first class would be merged with one half from the second class to form an intervention group. The remaining halves from each class would merge to form the control group. This would be done to reduce the effects of any inconsistency in teaching the topic. The intervention group would then be taught how to use an inference square and be given the opportunity to practice (intervention phase). Following this, both groups would then complete a PISA style task that is related to the topic they were taught in the teaching phase. The results would then be compared to establish whether the inference square is effective. In line with the literature (OSFC, 2012), it may also have been a good idea to have had the pupils in the intervention group work in small teams only during the intervention phase. Having also been introduced briefly to a graphic organiser during this research study (Appendix A), this may be another method of developing inference skills in pupils.

Another realisation that has become apparent is the usefulness of having a pilot study prior to the actual research being carried out as identified by Bell and Waters (2014). This would ensure that the data collection tool was effective and actually collected the data that was required. It would also ensure that the respondents knew exactly what they had to do and could have identified any other flaws in the methodology. 

The researcher had not used an inference square before and had not observed them being used in any of the lesson observations participated in as part of the PGCE programme. The pupils were not familiar with inference squares either. Therefore, it is recommended that schools become familiar with using inference squares more often across the school curriculum and introduce them at the start of Key Stage 2 teaching as identified by Kispal (2008). It is also recommended that teachers undergo training in using inference squares themselves.

The literature shows that teachers should be making sure that pupils know that what they are learning is useful and can be applied in everyday life (Education Wales, 2019). It is recommended that teachers may want to think of ways of testing application of knowledge in addition to knowledge itself, at the end of each topic so that pupils can see the relevance of what they have learned. Grant and Lapp (2011) recommend that teachers should be given the appropriate training to help pupils develop their scientific literacy skills. It is also recommended that teachers identify opportunities for development of scientific literacy skills on their schemes of work in addition to other key skills such as literacy and numeracy. Schools could also develop cross-curricular documents for developing scientific literacy skills as they do already with literacy and numeracy skills.

During the two PGCE school placements undertaken by the researcher, no PISA style learning activities were seen. In order for pupils to improve performance in PISA testing it is necessary for them to practice using sample questions (Donaldson, 2015). A recommendation would be then that it would be useful for teachers to introduce PISA style tasks to assess knowledge and its application during the teaching of and at the end of each topic delivered.

























[bookmark: _Limitations_and_Future]Limitations and Future Development

There were many limitations to this research study. Lack of experience on the part of the researcher led to poor planning and implementation of the research methodology (Bell and Waters, 2014). The fact that the research was only carried out with one class in one school, and the remaining sample was so small, meant that even if the research had gone well the results would not be considered reliable and could not have been extrapolated to other classes or other schools (Faber and Fonseca, 2014).

However, the researcher has learned a tremendous amount about the research process in that it is imperative that there is a clear hypothesis with variables that can be measured (Verma and Beard cited in Bell and Waters, 2014). There must be a tool that collects the data required and the participants should understand exactly what is required of them. Flaws here can be identified by using a pilot study, even if the pilot group includes relatives and friends. Anomalies can then be identified and corrected before using actual participants (Bell and Waters, 2014). The researcher has also learned that any research that has an intervention should use a control group so that any improvements as a direct result of the intervention can be more easily identified (NICE, 2019).

The researcher has also learned that things should not be left until the last minute. If something is not understood, then it should be questioned and not ‘swept under the carpet’. As a result, the researcher has more of an idea about how long things take to organise and complete. Also, a supervisor through this process would have been invaluable and the onus was on the researcher to have found out if there was one available and to have made contact with them (Bell and Waters, 2014).

Research in the classroom should be ongoing with every lesson that is taught or every experience that occurs, if only from learning by reflecting on the way a certain situation has been handled. There will I am sure be many times where I want to ask, why did that go well or why did that go so badly, or how can that be improved? Having some understanding of the research process may allow me to answer these questions. As a result of this study the researcher has a much better understanding of inference squares, scientific literacy and PISA tasks. When developing schemes of work these three areas will be clearly identified and teaching activities will be developed to include them.

Although this study was not particularly successful it has been a huge learning curve for the researcher, and it is still a very valuable topic. It is essential that Wales and other UK countries improve their performance in PISA tests, possibly by taking on board some of the good practice carried out in countries where PISA performance is better. A more robust investigation into how this could be done is definitely of interest to the researcher and a key issue to pursue in the future.
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[bookmark: _Appendix_A_–]Appendix A – A sample Graphic Organiser (Beers cited in Reading Rockets, 2019).

It Says – I Say – And So…
Reading Strategies: Making Inferences, Making Connections, and Synthesizing.

Helps students by guiding them through the process of drawing inferences from the written text. Also, it provides an opportunity to synthesize the information with their prior knowledge.

	Question
	It Says...
	I Say...
	And So...

	Step 1…
Write the question (created or provided)

	Step 2…
Find information from the text that will help answer the question.

	Step 3…
Think about what you know about that information.
	
Step 4…
Combine what the text says with what you know to come up with the answer.


	Example:
Why did Goldilocks break Baby Bear’s chair.

	It says she sits in the baby chair but she is not a baby. She is a young girl.
	
Baby chairs aren’t very big. They’re for babies, but she is bigger, so she weighs more.


	So she is too heavy for it and it breaks.

	Example:
Six students share a pizza equally. The pizza has a diameter of 26 cm. What is the area of each slice?
	It says that the pizza slices are equal and the diameter is 26 cm.
	
I know that the radius is half the size of the diameter. I also know a formula that will help with finding the area of a circle – then I will have to divide it by 6.

	Area of a circle =  r2
A = 3.14 (13)2
A = 3.14 (169)
A = 530.66 
530.66 / 6 = 88.44 cm2
















[bookmark: _Appendix_B_–]Appendix B – University inference square (UWTSD, 2019).



Pa gasgliadau y medraf ei gwneud?
What conclusions can I now make?

Beth ydw i’n gwybod?
What do I already know?


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














































[bookmark: _Appendix_C_–]Appendix C – Example inference activities from School A’s ‘Literacy Skills across the Curriculum’ document.
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[bookmark: _Appendix_D_–]Appendix D – School A sample schemes of work.

	Digestion SOW Higher/Foundation

	LESSON
	1
	2
	3

	N.C / P.O.S
	B 2, 4A, 4B, 4C, 4D
	B 2, 4A, 4B, 4C, 4D
	B 2, 4A, 4B, 4C, 4D

	

AIMS: K & U
	Recap the main food groups needed by organisms and why they are needed.
Digestion is the breakdown of large insoluble molecules to smaller soluble molecules.
Physical and chemical digestion
Know the role of enzymes in digestion
Name and locate the main parts of the digestive system.
Introduce pupils to glossary at back of booklet.
	State the function of the main parts of the digestive system

Describe how the parts work together to bring about digestion.

Adaptions and function of the small intestine.

Further work to understand the role of different enzymes involved with digestion of food.
	Explain in detail how the intestine is adapted for the absorption of food

Demonstration of food tests and identification of the product produced when starch is broken down. 

	

ACTIVITIES
	
Use model of digestive system for structure

Pupils label digestive system diagram.
	Use ICT and model of digestive system to complete close activity on function of parts of the system
Pupils need to link the enzyme needed for digestion to the specific food group.
	Discuss adaptations of the small intestine.
Complete summary table of digestion and enzymes needed.
Class practical – model for absorption Pupils to complete page 18 –results table and write a conclusion

	RESOURCES
	ICT powerpoints and Model of digestive system
	Powerpoint and model of digestive system
	Apparatus for the model gut
OHTs small intestine

	RISK ASSESSMENT
	N/A
	N/A
	Goggles, Benedicts reagent, iodine etc

	KEY SKILLS
	Communication, group and pair work
	Communication, Literacy
	Communication, working with others 

	HOMEWORK
	
	
	Complete Q on page 41-44

	SCIENCE:  

	LESSON
	4
	5
	6-7

	N.C / P.O.S
	B 2, 4A, 4B, 4C, 4D
	B 2, 4A, 4B, 4C, 4D
	B 2, 4A, 4B, 4C, 4D

	

AIMS: K & U
	Recap understanding and knowledge of digestion and absorption using ICT.
Identify food groups and the digested products.
Link the visking tube “model gut” to the small intestine.
Recap role of enzymes and  role they play in digestion.
	Describe  the effect of temperature on enzyme activity.

Represent data on temperature effect on successful enzyme collisions as a graph.

Describe and explain the shape of the graph. 
	Investigate the action of amylase on starch

Reinforce understanding and knowledge of digestion


Review understanding using self-assessment test

	

ACTIVITIES
	Pupils analyse the model for absorption model and answer the questions on p19- similarities and differences (limitations) of this model compared to the small intestine.
	Use the ICT resource to gain data on temperature effect on enzyme activity. Pupils to represent this data as a graph. Pupils need to describe the graph p22.
Also attempt questions on pages 27-31.
	Pupils to perform class practical to understand the role of amylase on starch.

Pupils to complete questions at back of booklet.

Then attempt self assessed test. 

	RESOURCES
	ICT, animation on enzyme activity.
	ICT NGfl interactive resource on the effect of temperature on enzyme activity. Graph paper
	Apparatus for experiment, starch, amylase, iodine etc.
Test questions and answer sheets

	RISK ASSESSMENT
	N/A
	N/A
	Goggles, iodine, safety with enzymes and hot water

	KEY SKILLS
	Communication, Literacy, thinking
	Numeracy, Communication, working with others
	Communication, working with others

	HOMEWORK
	
	
	Revision of topic for self assessment test next lesson






	Atomic Structure and the Periodic Table

	LESSON
	1
	2
	3 & 4

	

AIMS: K & U
	Identify and label the different parts of an atom.
Use the terms mass and atomic number.
Explain what is found in the nucleus.
Explain how the numbers of protons, neutrons and electrons can be found using the mass and atomic number.
	Identify differences between isotopes of elements.
Explain the term isotope;
Explain the differences in the properties of isotopes.
Calculate the relative atomic mass of different isotopes of an element.
	Discover how the Periodic Table was developed.
Research how the modern Periodic Table is organized.
Use ICT to produce an overview of the Periodic Table.


	

ACTIVITIES
	Pupils to write down what they already know about elements from the previous unit.
Pupils to read through the overview of the structure of the atom and fill in the blanks in the paragraph and table.
Pupils to use the information provided on Mass and Atomic number to fill in the blanks.
Pupils to complete the electronic structures for Na, O, C, K, Cl, S and Ca.
Pupils to complete the electronic configuration for the first 20 elements of the periodic table.
	Pupils to use the information provided to complete the tables, giving the number of protons, electrons and neutrons in each for the isotopes of H, Cl, and C.
Pupils to identify similarities and differences between the isotopes.
Pupils to write a definition of the term isotope.
Pupils to answer the key question about the chemical and physical properties of isotopes.
Pupils to fill in the blanks to summarize the topic of isotopes.
Pupils to complete past paper questions.
	Pupils to discuss with a partner and write down what they already know about the Periodic Table.
Pupils to produce a presentation, using ICT, to explain how the modern Periodic Table was developed and is organized.

	RESOURCES
	
	
	Laptops

	RISK ASSESSMENT
	
	
	

	KEY SKILLS
	Thinking, literacy, Number


	Number, Thinking, Literacy, communication.
	ICT, Working with others, communication, literacy, Thinking

	Further learning opportunities
	
	
	




	Atomic Structure and the Periodic Table

	LESSON
	5
	6
	

	

AIMS: K & U
	Find elements in the Periodic Table based upon their electronic structure.
Identify elements based on their group and period.
Explain trends in the properties of elements.
	Examine the properties of metals and non-metals.
Use data to classify elements as metals and non-metals.
Explain the term metalloid.
	

	

ACTIVITIES
	Pupils to identify, label and colour in different groups within the periodic table.
Pupils to read through the information on the periodic table and answer the questions that follow.
Pupils to use the graphs and tables provided to identify trends in group 1 metals.
Pupils to complete past paper questions
	Teacher led demonstration of examples of metals and non-metals.
Pupils to complete tables about the appearance, malleability, ductility and electrical conductivity of metals and non-metals.
Pupils to complete the table of the overview of metals and non-metals.
Pupils to complete the past paper questions.
	

	RESOURCES
	
	
	

	RISK ASSESSMENT
	
	
	

	KEY SKILLS
	Thinking, literacy, Number


	Number, Thinking, Literacy, communication.
	

	Further learning opportunities
	
	
	







[bookmark: _Appendix_E_–]Appendix E – Sample science PISA questions used for pre-test (lesson 1) and post-test (lesson 3).

[image: ]
[image: ]



[image: ]



[image: ]



[image: ]



[image: ]



[bookmark: _Appendix_F_–]Appendix F – Sample science PISA questions used during intervention (lesson 2).
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[bookmark: _Appendix_G_–]Appendix G – A complete set of results from the study. Pupils that used their inference squares are shown in yellow.
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TAKE THE TEST: SAMPLE QUESTIONS FROM OECD’S PISA ASSESSMENTS - ISBN 978-92-64-05080-8 - © OECD 2009



SCIE NCE  UNIT 2 : OZONE
Read the following section of an article about the ozone layer.



The atmosphere is an ocean of air and a precious natural resource for sustaining life on the Earth. 
Unfortunately, human activities based on national/personal interests are causing harm to this common 
resource, notably by depleting the fragile ozone layer, which acts as a protective shield for life on the 
Earth. 



Ozone molecules consist of three oxygen atoms, as opposed to oxygen molecules which consist of 
two oxygen atoms. Ozone molecules are exceedingly rare: fewer than ten in every million molecules 
of air. However, for nearly a billion years, their presence in the atmosphere has played a vital role in 
safeguarding life on Earth. Depending on where it is located, ozone can either protect or harm life 
on Earth. The ozone in the troposphere (up to 10 kilometres above the Earth’s surface) is “bad” ozone 
which can damage lung tissues and plants. But about 90 percent of ozone found in the stratosphere 
(between 10 and 40 kilometres above the Earth’s surface) is “good” ozone which plays a beneficial role 
by absorbing dangerous ultraviolet (UV-B) radiation from the Sun. 



Without this beneficial ozone layer, humans would be more susceptible to certain diseases due to the 
increased incidence of ultra-violet rays from the Sun. In the last decades the amount of ozone has 
decreased. In 1974 it was hypothesised that chlorofluorocarbons (CFCs) could be a cause for this. Until 
1987, scientific assessment of the cause-effect relationship was not convincing enough to implicate CFCs. 
However, in September 1987, diplomats from around the world met in Montreal (Canada) and agreed to 
set sharp limits to the use of CFCs.
 



Source: Connect, UNESCO International Science, Technology & Environmental Education Newsletter, Section from an article entitled 
‘The Chemistry of Atmospheric policy’, Vol. XXII, No. 2, 1997 (spelling adapted) 



QUESTION 2.1
In the text above nothing is mentioned about the way ozone is formed in the atmosphere. In fact each 
day some ozone is formed and some other ozone disappears. The way ozone is formed is illustrated in 
the following comic strip.



Suppose you have an uncle who tries to understand the meaning of this strip. However, he did not get 
any science education at school and he doesn’t understand what the author of the strip is explaining. 
He knows that there are no little fellows in the atmosphere but he wonders what those little fellows 
in the strip stand for, what those strange notations O, O2 and O3 mean and which processes the strip 
represents.  He asks you to explain the strip. Assume that your uncle knows:
that O is the symbol for oxygen;
what atoms and molecules are.
Write an explanation of the comic strip for your uncle.
In your explanation, use the words atoms and molecules in the way they are used in lines 5 and 6.
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TAKE THE TEST: SAMPLE QUESTIONS FROM OECD’S PISA ASSESSMENTS - ISBN 978-92-64-05080-8 - © OECD 2009



QUESTION 2.2
Ozone is also formed during thunderstorms. It causes the typical smell after such a storm. In lines 9–13 
the author of the text distinguishes between “bad ozone” and “good ozone”.



In terms of the article, is the ozone that is formed during thunderstorms “bad ozone” or “good ozone”? 
Choose the answer and the explanation that is supported by the text.  



"AD�OZONE�OR�GOOD�
OZONE�



%XPLANATION



A "AD )T�IS�FORMED�DURING�BAD�WEATHER�
B "AD )T�IS�FORMED�IN�THE�TROPOSPHERE�
C 'OOD )T�IS�FORMED�IN�THE�STRATOSPHERE�
D 'OOD )T�SMELLS�GOOD�



QUESTION 2.3
Lines 14 and 15 state: “Without this beneficial ozone layer, humans would be more susceptible to certain 
diseases due to the increased incidence of ultra-violet rays from the Sun.”



Name one of these specific diseases.
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SCIE NCE  UNIT 3 : DAYLIGHT 
Read the following information and answer the questions that follow.



� �� $AYLIGHT�ON����*UNE�����



Today, as the Northern 
Hemisphere celebrates its 
longest day, Australians will 
experience their shortest. In 
Melbourne*, Australia, the Sun 
will rise at 7:36 am and set at 
5:08 pm, giving nine hours and 
32 minutes of daylight.



Compare today to the year’s 
longest day in the Southern 
Hemisphere, expected on 22 
December, when the Sun will



rise at 5:55 am and set at 8:42 
pm, giving 14 hours and 47 
minutes of daylight.



The President of the Astronomical 
Society, Mr Perry Vlahos, said the 
existence of changing seasons 
in the Northern and Southern 
Hemispheres was linked to the 
Earth’s 23-degree tilt.



*Melbourne is a city in Australia at a latitude of about 38 degrees South of the equator.



QUESTION 3.1



Which statement explains why daylight and darkness occur on Earth?
A. The Earth rotates on its axis.
B. The Sun rotates on its axis.
C. The Earth’s axis is tilted.
D. The Earth revolves around the Sun.



Source: The Age newspaper, Melbourne, Australia, 22nd June 1998 (adapted).
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QUESTION 3.2



In the Figure light rays from the Sun are shown shining on the Earth



Suppose it is the shortest day in Melbourne.
Show the Earth’s axis, the Northern Hemisphere, the Southern Hemisphere and the Equator on the 
Figure. Label all parts of your answer.



Earth



Light 
from the 
Sun 



Figure: light rays from Sun
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SCIE NCE  UNIT 4 : CLONING
Read the newspaper article and answer the questions that follow.



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 is a Scottish sheep that you see in 
the photo. But Dolly is not just a simple 
sheep. She is a clone of another sheep. 
A clone 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 as a ‘master copy’. 
It 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 first he removed 
from that egg-cell all the material 
that would have determined sheep 2 
characteristics in a lamb produced from 
that egg-cell. Ian Wilmut implanted the 
manipulated egg-cell of sheep 2 into yet 
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 
decided to forbid cloning of people by law. 



5



10



15



20



25



30



Source: Tijdschrift van de Eenhoorn Educatief (Brussels Onderwijs Punt): March 1997.
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QUESTION 4.1 



Which sheep is Dolly identical to?
Sheep 1A. 
Sheep 2B. 
Sheep 3C. 
Dolly’s fatherD. 



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
a cell.A. 
a gene.B. 
a cell nucleus.C. 
a chromosome.D. 



QUESTION 4.3 



In the last sentence of the article it is stated that many governments have already 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.



Reason: Scientific?
Cloned people could be more sensitive to certain diseases than normal people. Yes / No
People should not take over the role of a Creator. Yes / No
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SCIENCE UNIT 5 : GREENHOUSE
Read the texts and answer the questions that follow.



The greenhouse effect: fact or fiction?
Living things need energy to survive. The energy that sustains life on the Earth comes from the Sun, which 
radiates energy into space because it is so hot. A tiny proportion of this energy reaches the Earth.



The Earth’s atmosphere acts like a protective blanket over the surface of our planet, preventing the 
variations in temperature that would exist in an airless world. 



Most of the radiated energy coming from the Sun passes through the Earth’s atmosphere. The Earth 
absorbs some of this energy, and some is reflected back from the Earth’s surface. Part of this reflected 
energy is absorbed by the atmosphere. 



As a result of this the average temperature above the Earth’s surface is higher than it would be if there 
were no atmosphere. The Earth’s atmosphere has the same effect as a greenhouse, hence the term 
greenhouse effect.



The greenhouse effect is said to have become more pronounced during the twentieth century. 



It is a fact that the average temperature of the Earth’s atmosphere has increased. In newspapers and 
periodicals the increased carbon dioxide emission is often stated as the main source of the temperature 
rise in the twentieth century.



A student named André becomes interested in the possible relationship between the average temperature 
of the Earth’s atmosphere and the carbon dioxide emission on the Earth.



In a library he comes across the following two graphs.



years



years



Carbon dioxide 
emission                 
(thousand millions of
tonnes per year)



20



10



1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990



1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990



15.4



15.0



atmosphere (°C)
of the Earth's           
Average temperature



14.6



André concludes from these two graphs that it is certain that the increase in the average temperature of 
the Earth’s atmosphere is due to the increase in the carbon dioxide emission.



Source: CSTI Environmental Information Paper 1, 1992.
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QUESTION 5.1



What is it about the graphs that supports André’s conclusion?



QUESTION 5.2



Another student, Jeanne, disagrees with André’s conclusion. She compares the two graphs and says that 
some parts of the graphs do not support his conclusion. 
Give an example of a part of the graphs that does not support André’s conclusion. Explain your answer.



QUESTION 5.3



André persists in his conclusion that the average temperature rise of the Earth’s atmosphere is caused 
by the increase in the carbon dioxide emission. But Jeanne thinks that his conclusion is premature. She 
says: “Before accepting this conclusion you must be sure that other factors that could influence the 
greenhouse effect are constant”.
Name one of the factors that Jeanne means.
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SCIENCE UNIT 7 : THE GRAND CANYON
The Grand Canyon is located in a desert in the USA. It is a very large and deep canyon containing many 
layers of rock. Sometime in the past, movements in the Earth’s crust lifted these layers up. The Grand 
Canyon is now 1.6 km deep in parts. The Colorado River runs through the bottom of the canyon.



See the picture below of the Grand Canyon taken from its south rim. Several different layers of rock can 
be seen in the walls of the canyon.



Schists and granite



Limestone A



Shale B



Limestone B 



Shale A



QUESTION 7.1



The temperature in the Grand Canyon ranges from below 0 oC to over 40 oC. Although it is a desert 
area, cracks in the rocks sometimes contain water. How do these temperature changes and the water in 
rock cracks help to speed up the breakdown of rocks? 



Freezing water dissolves warm rocks.A. 
Water cements rocks together.B. 
Ice smoothes the surface of rocks.C. 
Freezing water expands in the rock cracks.D. 



QUESTION 7.2
There are many fossils of marine animals, such as clams, fish and corals, in the Limestone A layer of the 
Grand Canyon. What happened millions of years ago that explains why such fossils are found there?



A In ancient times, people brought seafood to the area from the ocean.
B Oceans were once much rougher and sea life washed inland on giant waves.
C An ocean covered this area at that time and then receded later.
D Some sea animals once lived on land before migrating to the sea.
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QUESTION 7.3



About five million people visit the Grand Canyon national park every year. There is concern about the 
damage that is being caused to the park by so many visitors.
Can the following questions be answered by scientific investigation? Circle “Yes” or “No” for each question.



Can this question be answered by scientific investigation? Yes or No?
How much erosion is caused by use of the walking tracks? Yes / No
Is the park area as beautiful as it was 100 years ago? Yes / No



QUESTION 7.4 (ATTITUDE)



How much do you agree with the following statements?
Tick only one box in each row.



Strongly 
Agree Agree Disagree



Strongly 
Disagree



The systematic study of fossils is important.
AgreeAgreeAgreeAgree



1



AgreeAgreeAgreeAgree



2



DisagreeDisagreeDisagreeDisagree



3



DisagreeDisagreeDisagreeDisagree



4



Action to protect National Parks from damage 
should be based on scientific evidence. 1 2 3 4



Scientific investigation of geological layers is 
important. 1 2 3 4
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