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“Do PISA style questioning within Science improve subject attainment in KS3 pupils?”


Introduction 
Graham Donaldson was asked to carry out an independent review in Welsh education following poor performance of 15 years olds against international standards. Programme for International Standards Assessment (PISA) tests are carried out every 3 years across 72 countries, and Wales have consistently underperformed. Wales has scored below average in reading, numeracy and scientific literacy and is in last place against the rest of the UK. The Donaldson report (2015) and subsequent reports by the Welsh government addresses the need to increase abilities in all these areas, all agreeing that skills in “scientific literacy” need to be improve. 
School A is an “excellent” comprehensive school in South Wales with approximately 1200 children enrolled including a sixth form. Around 13.6% pupils are eligible for free school meals (FSM) and 19% are registered under Special Educational Needs (SEN) these are both below the national averages. Although school A is regarded as an Excellent school the research undertaken will look at if integrating PISA-style questions throughout lessons increases scores of not only PISA tests but additionally an increase in subject knowledge and scientific literacy skills. The aim is to identify if PISA-style questions improve subject knowledge, or if it’s another way of testing pupils. If it increases subject knowledge it may influence my future teaching methods to integrate PISA-style questioning within my teaching practice.







Literature Review 
The Programme for International Student Assessment (PISA) is governed by the Organisation for Economic Co-operation and Development (OECD). The PISA tests are carried out every 3 years to currently 72 participating countries and test three areas of interest; numeracy, reading, and scientific literacy. The focus of this literature review and research project focuses only on the scientific literacy aspect of the PISA tests. 
Scientific Literacy outlined by OECD (2015) is defined as - 
“Scientific Literacy is the ability to engage with science-related issues, and with the ideas of science, as a reflective citizen. A scientifically literate person, therefore, is willing to engage in reasoned discourse about science and technology which requires the competencies to; explain phenomena scientifically, evaluate and design scientific enquiry, Interpret data and evidence scientifically” 
PISA is an international assessment that looks specifically at “functional Competence”. It focuses on transferable skills and comes away from curriculum-based assessments such as those carried outs by Trends in International Mathematics and Science Study (TIMSS) (Jerrim and Shure, 2016) and national qualifications e.g. GCSE’s.  Studies suggest that PISA scores predicted competence significantly more than TIMSS (shi et.al, 2016; Ziad, 2016). 
PISA tests framework focuses on three areas including proficiencies, competencies, and skills. Proficiency is the measure of how successful a child is, which are defined by seven increasing levels of ability (OECD, 2017). Level 1b to level 6 increase in difficulty and aims to separate pupils out by differentiating the questions. This scoring system theoretically giving an ability continuum of scientific literacy within a population rather than grading individuals and estimating an average. The PISA proficiency scale can give proficiency levels of each of the competencies (OECD, 2017) and are directly contribute to final scores.
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Figure 1: Simplified relationship between items and students on a proficiency scale -  Taken from OECD (2017) PISA 2015 Technical Report OECD Publishing, Paris, Pg.15, figure 15.1.
There are three competencies within the PISA framework that test pupils’ content, procedural and epistemic knowledge respectively. Firstly, “Explain phenomena scientifically” (content) requires pupils to recall scientific knowledge, apply it to a different context and not only predict scientific phenomena but to justify it with valid reasoning skills (OECD, 2016). Secondly, “evaluate and design scientific enquiry” (procedural) requires pupils to evaluate experimental design and reasonable propose ideas of how to answer questions through scientific methodologies (OECD, 2016). Lastly, “interpret data and evidence scientifically” (epistemic) requires pupils to interpret from many different forms of information (graphs, tables and diagrams) and draw appropriate conclusions (OECD, 2016). 
PISA tests contain approximately 50% content questioning, 30% procedural questioning and 20% epistemic questioning. Overall this suggests that for students to be successful throughout the proficiency scale all competencies need to be accessed (OECD, 2016). Scientific literacy papers aim to only test science skill and try to minimise literacy and numeracy skills. Science papers aim to introduce topics with simple and clear language (Welsh Government, 2014). 
However, the definition of “scientific literacy” itself is in debate (Dale, 2016; DeBoer, 2000; Dillon, 2016; Roberts and Bybee, 2014). Historically scientific literacy has been the degree to which the general population can understand the world around them and the ability of the “common man” to interpret scientific research and progress (DeBoer, 2000). On the other hand, Dillon (2016) has argued the huge range of definitions for scientific literacy makes it hard to measure and believes that around the world there appears to be two conflicting philosophical “visions” (Roberts, 2007). Roberts’ “vision I” reflects the academic approach of content knowledge and application, this may be interpreted as the first PISA test competency as it relies heavily on recall. “Vision II” conversely reflects on application of scientific thinking and metacognitive process in the everyday lives of a population (Haglund & Hulten, 2017). Vision II may share themes of the third PISA test competency. 
[bookmark: _Hlk513467802]Outcomes of PISA tests outline three main indicators; baseline profiles, skills against different groups, and changes from previous scores. Baseline profiles look at skills and content knowledge of pupils which contain the scores of all participants of that cohort. Whilst skills against different groups takes the views gathered from questionnaires to compare economic, social and demographical differences and directly compare them to attainment in specific skills. Finally, PISA tests compare the scores from previous years to see the level of change implemented. These scores are useful to see if any interventions have led to changes and to also see if scientific literacy ability has affected the scientific community, for example pupils who undertook the 2009 tests would now be within the working population (OECD, 2017). PISA conduct follow-up questionnaires that link participants’ skills scores to educational and work experiences as young adults (NCES, 2015).
When reflecting on PISA test scores Guirra (2017) suggests that the scores need to be kept in context to the country and the expectations for the students that take part in the assessment. It recommends that questions need to be asked about numbers of participants who will in the future work in scientific careers. Do those scores correlate to future performance? There appears to be clear assumption adopted by government that link good results in international tests, such as PISA, and economic growth (Brenton, 2013; Hanushek & Kimko, 2000). Economic growth is a something that all countries aim for, because of the implications of population wealth, decrease in unemployability and reduction in urban costs (Knoll, 2014) governments are more eager to invest in the education system if the output of pupils is of a high standard (Brenton, 2013; Cheung & Chang, 2008; McGrath, 2010). Evidence supported that high PISA scores correlated to a; higher percentage of employees, higher IQ and skillset of employees, and higher GP investment by governments in within the science and technology industry (Shi et.al, 2016). Ziad (2016) also goes on to recommend increase in skills-based learning, which is said to not only increase achievement but to also increase interest in science and technology as a career choice in young adults. Although there is strong evidence to support the use of PISA scores in predicting success in science and technology within a country (Jerrum and Shure, 2016; Shi et.al 2016; Guirra, 2017), such studies have not been duplicated with Welsh test groups.
However, there is an argument that increasing international tests only help increase economic growth because of the positive attitudes of government officials towards PISA results as direct indicators (Monteils, 2010; Pons, 2011); Monteils (2010) argues that further egometric testing finds contradictions in the relationship and in fact there is no causality between the two. For example, it is the money invested into the educational system that benefits careers of young people, if PISA results are poor financial support is less likely to be given, the educational system doesn’t benefit in the long run, as consequence the results remain low. Hanushek & Woessmann (2016) has also conducted research that indicates that better schooling and academic achievement doesn’t guarantee economic growth, but believe good metacognitive skills play a large role. This evidence would suggest “epistemic” competencies has a large role to play in economic growth, however within PISA tests it only represent 20% of the score. 
PISA scores may have implications for many educational establishments, polices and public action in education have been implemented directly from PISA scores (Carvalho, 2016; Davies, 2016a; Ertl, 2006; Schleicher, 2017). Poor scores have led to examples reform within curriculums due to public criticism (Schleicher, 2017; Pons 2011). Whereas successful countries have been held in high-esteem (Coughlan, 2016) can act as a benchmark for educational systems worldwide that may lead to “policy borrowing” (Deng & Gopinathan, 2016). However, Choi and Jerrim (2016) has criticised the Spanish educational system for undertaking an unsuccessful reform that based policy directly from PISA results leading to an “over-simplification” of problems effecting Spanish pupils. Educational research has shown that policies may need to be within context of that country and “one solution fits all” approach is ineffective e.g. two countries with similar poor scores may have different underlying problems (Auld & Morris, 2016).
Guirra (2017) argues “what teaching strategies from different countries correlate with stronger results?” Raising questions on whether strategies are increasing attainment in science or whether certain groups are better prepared for the test format (Deng and Gopinathan, 2016)? The Welsh government have provided resources for teachers to allow pupils to suitably prepare for PISA assessments, however they are specifically directed at Welsh students and designed from feedback from previous test scores (Welsh Government, 2014). Due to the growing reputation of the OECD, it has been argued that PISA has an increasing influence on education (Seller & Lingard, 2013) and in science (Fensham, 2009) that leaves governments with a lot of international pressure to do well.
Nonetheless, preparations between 2012-2015 did not achieve higher PISA test scores in 2015 and Wales has been criticised in the media for its poor test scores across all reading, maths and science skills (Adams et.al, 2016; Davies, 2016b; Jones, 2016; Wightwick, 2016). Jerrim and Shure (2016) collated and evaluated the PISA 2015 results and came to several conclusions within Scientific proficiency. The average PISA test scores have significantly decreased from 2006-2015, from 505 (above OECD standards) to 485 (below OECD standards). From figure 2, below, shows the mean PISA science scores for Wales between 2006 and 2015, representing four separate tests. Wales is included within the 5 most declining countries, with a decrease in 20 PISA points over 10 years.
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Figure 2: Mean PISA science scores for Wales between 2006 and 2015 -  Taken from Jerrim and Shure (2016) Achievement of 15-Year-Olds in Wales: PISA 2015 National Report, UCL Institute of Education, London, p40, Figure 2.1
High achieving pupils (90th percentile) consist of 5% reaching level 5 and 6 compared to an average of 8% across OECD countries. Furthermore, the mean scores of the high achieving pupils has fallen over recent years from 638 points to 602. Lowest achieving pupils (10th percentile), however have remained consistent over the last decade and are not significantly different (373 to 368 points). Wales did better in “explain scientific phenomena” (content) compared to “design and evaluate scientific enquiry” (epistemic) competencies (Jerrim and Shure, 2016). But the overall results have not been well received by the media.
Wightwick (2016) believes that the fall in skills is due to the Welsh government removing SAT’s tests at the end of KS3 and has suggested that schools have lost their accountability for reaching SAT standards. The Welsh government decided to end compulsory SATs in 2004 and the last tests were taken in 2007 (Smithers, 2004). This theory may hold some validity due to increasing scores from Portugal over the last 16 years (Carvalho et.al, 2016). Portugal have attributed this increase in part to standardised testing being introduced within the 11-14-year olds (McClough, 2016). From these results, what could Wales do to improve PISA scores?
Since 2002, Portugal has been an example of continuous improvement, increasing it’s mean science scores by 27 PISA test points from 474 to 501 (Jerrim and Shure, 2016). This has been attributed to three factors; an effective curriculum reform, introducing standardised tests, and significantly reduced streaming by ability (Clough, 2016; Carvalho et.al, 2017). Although first two may have contributed, sources have theorised that the relationship between pupil and teacher have been a main factor (Yee et.al, 2014). Pupils are not segregated by ability, it is indicated that this may have a positive effect on pupil’s attitudes to education (Vukovik, 2017; Yee et.al, 2014). This would suggest that improvement in PISA test scores is not only academic but may rely on the pupil’s positive attitudes towards science; the better the pupils feel about science the better the learning (Freedman, 1998; Gibson and Chase, 2002; Hsu, 2014; Lumpkin et.al, 2015).  This may account for unsuccessful attempts at curriculum reform in Spain, which concentrated on academic goals and teachers opposed to pupil satisfaction (Auld and Morris, 2016). 
Improvement of attitudes in Portugal and Portugal’s PISA success can be reflected in many other successful countries such as Finland and China. Finland and China have good attitudes towards science, positive teacher-pupil relationships, and high drive when it comes to learning (Chung, 2015; Chen, 2017; Kosunen and Hansen, 2018) that educators believe have led to PISA success. However, statistical analysis from Sareela and Kärkkäinen (2017) propose that it is not as simply as keeping children happy and engaged but to ensure that collaborative skills are developed and high expectations on behaviour are consistent. 
Looking at examples of success, what do teachers in Wales need to do within their classrooms to improve scientific literacy? Along with content knowledge, Wales need to improve metacognitive and interpretation skills. Black and Wiliam (2006) believe that student-led activities compared to teacher-led tasks have greater metacognitive skills. Increase of investigative work where pupils take responsibility for their own learning may increase attainment in these skills, these skills are currently being assessed against the science progression strands framework (Estyn, 2012; Welsh Assembly Government, 2009). The KS3 progression strands are used to guide the science curriculum and were developed from the AKSIS (ASE–King’s College Science Investigations in Schools) project (1998) (Welsh Assembly Government, 2009). These strands are used within schools to level their pupils’ skills, this determines class sets, parental feedback and science choices at GCSE. However, with the development of the new curriculum initiated by the Donaldson report (2015) questions whether are these progression strands are still relevant? What tactics have worked in the UK to increase attainment?
Metanalysis gathered by the Sutton Trust - Education Endowment Foundation (EEF) combines characteristics of quantitative research carried out in schools within the UK, it gives a practical guide of benefits and costs of interventions (EEF, 2018). Currently the most effective interventions throughout the UK are the ones that promote “metacognition and self-regulation”, which is approximately eight months of progression. However, Perry et.al (2017) discusses the limitation of studies that do not account for qualitative data or different ability groups. The review goes on to further criticise the UK governments for adopting foreign policy and practice e.g. PISA but not taking on board equally-strong evidence-based research carried out in the context of the UK (Perry et.al, 2017). On the whole, this gives weight to the idea that student-led investigations and promotion of problem-solving skills may have a positive effect on epistemic knowledge but there is little evidence to compare metacognitive strategies to increase PISA scores. The following research will identify if epistemic skills can increase PISA scores and attainment in science and how this could be applied in the future within my teaching practice.



School Policy and Practice 
There is no school policy that directly outline PISA testing or PISA-style skills, however scientific literacy at KS3 is constantly marked against progression strands outlined by the Welsh Government.

“Scientific studies encourage pupils to improve communication skills, to be sympathetic, to
exercise co-operation and perseverance and to be knowledgeable and critical of the impact of science on
their world and society at large.” – Taken from “School A” science curriculum policy (2017).

Each year group is assigned a minimum amount of science curriculum per fortnight; year 9 have 2 hours per science subject. Unlike year 7 and 8, the year 9 scientific content within the scheme of work (SOW) is a “watered-down” version of GSCE with focus on skills development. Biology topics include; DNA, Human and global environment, Health and drugs, and plants of photosynthesis. 

OUTLINE SOW

There are three tracking weeks during the school year, which occur before the first half term. This is to ensure that up-to-date levels are being recorded and progression is being reported to parents and senior management. Within science school A the KS3 progression strands are used to assess pupil progress, throughout the project KS3 progression strands (Estyn, 2012) must also be met.

OUTLINE ASSESSMENT AND TRACKING
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Methodology and Ethics 
The research undertaken will look at if integrating PISA-style questions throughout lessons increases scores of not only PISA tests but additionally an increase in subject knowledge and scientific literacy skills. Further to the literature gathered within the literature review, quantitative data will be the primary source of data collected within this study. The aim is to identify if:
a. there is a difference between PISA scores if pupils are exposed to more PISA questions?
b. PISA-style questions improve content knowledge in science? 
c. PISA style questions improve epistemic skills? 
If it increases subject knowledge it may influence my future teaching methods. Overall, the research method being undertaken will be a “between subject design” consisting of a quantitative baseline test, followed by PISA-style intervention lesson and finally a quantitative re-test, which will be analysed for changes in scores (Shuttleworth, 2018). Between methods design has benefits that allow test subjects to remain blinded (Charness et.al, 2012), reduces the chance of pupil apathy and reduces the chance that pupils within the control group do not become accomplished in exam techniques (Shuttleworth, 2018). Limitations to this study include; sample number, time availability, observation bias, validity, use of only quantitative data and disadvantages of between subject’s design.  Individual variability is impossible to eliminate in between subject’s design because matched-pairs design assumes that two individuals are the same e.g. an effect on one person will be the same in another, in reality you cannot eliminate environmental, social or economic variability (Shuttleworth, 2009).
Keeping the debate about the definition of “scientific literacy” in mind, throughout the research project “scientific literacy” will be based on the PISA definition and will look to what extent PISA-style interventions have on attainment levels in KS3 pupils. To support this rational, the Welsh Government (2014) uses the PISA definition of “scientific literacy” taken from the OECD (2013). 
Before any methods or data gathering is undertaken, ethical approval will be granted. All pupils (and associated parents/guardians) will be asked to consent to the research. All pupils will be well informed of the process and will be informed that their data can be withdrawn from the research at any point. Research is completely voluntary and will not have any monetary value associated with the study. All pupils have option to participate within the study or not, however they are unable to opt out of the class activities as this is a part of normal school experience, all pupils will be exposed to the same experience.
Firstly, initial baseline data will be collected in form of test scores. All pupils will be given a PISA-style test, these are in line with current end of topic tests and no change to content or context of scheme of work will be introduced. The sample of students will be those assigned as part of PGCE placement 2. To reduce “independent variability” sample pupils will be two classes of approximately 30 pupils, each class has been taken from the top band of year 9 (Horner, et.al, 2005; Shuttleworth, 2018). These classes are therefore comparable to each other because individuals within the classes have similar “ability” e.g. KS3 Levels. Taking a sample of top-band year 9 pupils also adds validity to the research, PISA tests are carried out on year 10 pupils who have an extra one year of experience and ability. Sample sizes represents class sizes and directly represents normal school experience.
Secondly, the test group will be given intervention in the form of PISA-style questions within project work, PISA intervention will consist of 4 lessons and a homework project. All project work will be in line with current scheme of work, content of lessons will not be changed only pedagogical approach e.g. increase of PISA-style scientific literacy.  PISA lessons will give outlines on techniques for answering PISA-style questions. No changes to project work will occur to control group, this group will closely follow lesson plans outlined by the scheme of work. The research will have minimal impact learning because Specialised experienced subject teacher will be present within the room always. All subject content and learning objectives are those in line with the scheme of work, topic area would be taught regardless of research taking place. There may be minimal stress induced due to testing, however this is minimal because it is regarded as a normal within the classroom setting. End of topic tests are a part of school routine throughout all year groups. 
Thirdly, all groups will be tested with a PISA-style test. Additionally, all year 9 groups will be tested within the research timeframe with end of year exams, this is independent of the research project, but data will be collected to compare if PISA-style interventions has had any impact on subject knowledge.
All data will be treated in line with Data Protection Act (1998) and UWTSD policies. Each pupil will remain anonymous in the data set and given a randomised number. Random numbers against name will be stored separately from data, therefore if any reason a pupil would like to withdraw their data can be removed. Confidentiality will be obtained throughout the research project, including but not inclusive of: teachers, class, school, or any identifiable features. In addition, no personal data will be collected from pupils (Data Protection Act, 1998). 
Finally, after all data is gathered on both test groups (before and after PISA intervention) statistical analysis will be carried out using Excel (Deviant, 2013). Within each test group a paired t-test will be carried out to establish if there is a significant mean difference between paired samples (test and re-test). Paired t-test this will support answers to research questions such as “Is there a difference between PISA scores if pupils are exposed to more PISA questions?” (Best & Kahn, 2016). This will then be followed by an independent t-test e.g. Mann-Whitney to compare differences between test groups. The Mann-Whitney analysis will aim to establish if any changes were coincidence or were influenced by KS3 teaching methods. T-values and p-values will be gathered to discuss to what if there is any significant data, if so, to what degree the quantitative data supports the research questions (Best & Kahn, 2016). Additional data will be gathered on non-PISA tests carried out on both test groups, end of year exams is taking place within the school independently of research. Independent t-test will assess if the PISA-style intervention has had any impact in improving subject knowledge.
Hypothesis: There will be a difference in test score outcomes post-intervention.
Null hypothesis: There is no difference between test score outcomes.
















Results and Evaluation 
Pre-intervention test data - Control group vs. test group
An independent t-test was carried out on the pre-intervention test scores to ensure that the groups were not significantly different and that they were comparable. Results show total percentage test scores found a p-value greater than 0.05, t-stat value is smaller than t-critical value, there is no significant difference between the control and test groups (appendix G.1). This reduces the “between group individual variability” and supports suitability of matched-pairs testing (Shuttleworth, 2009).
Evaluation of testing and intervention resources
Both pre- and post-intervention PISA tests were a mixture taken from Welsh government guidance and official OECD past paper questions, this was to ensure that the content aspect of the tests was applicable to year 9. PISA tests comprise of 50% “explaining scientific phenomena” (content questioning), therefore by using appropriate OECD topic questions enabled pupils to have sufficient knowledge to access the paper and give a true reflection of scientific literacy skills. I believe that the PISA tests given added validity to the results as they are a true representation of Welsh Government guidance in line with the Donaldson report (2015). 
All PISA style questions were biology themed, this is due to restrictions following school policy and that of KS3 curriculum guidelines (Estyn, 2012), year 9 students must have two hours fortnightly of biology (4% of the curriculum) and follow GCSE biology themes.  However, PISA tests are carried out on year 10 pupils following one-year of GSCE study with at least 7% dedicated curriculum time to science which increases to 10% in triple science. Even when looking at top set year 9 groups the difference in ability, dedicated science time and exam skills need to be kept in mind when looking at the results, the test and control groups have less experience and content knowledge to the intended PISA test audience. 
There is also a limited amount of subject areas in which year 9 groups would be fully confident, test 1 was about respiration and exercise (appendix A). In contrast test 2 (appendix B) covered respiration in yeast and indicator species as signs of pollution. Before test 1 pupils had just completed a levelled investigation on heart rate and exercise and therefore all groups were very familiar with the topic. To reduce random variability, post-intervention test did not include “digestion and enzyme” or “genetics” topics (control group topic) so that neither group would have beneficial content knowledge. This factor may reflect the decrease in content scores in both control and test groups. 
In addition, an observation made throughout PTE 2 (across all age groups) is the effect of confidence on test scores, there is a tendency not to attempt questions pupils believe they are unfamiliar with in fear of being incorrect i.e. self-handicapping (Urdan and Midgeley, 2001). All questions within test 1 were attempted, whereas within test 2 eight tests had incomplete “content” questions even though all questions were multiple choice. Both tests had; nine questions, were 30 minutes in length, equal amount epistemic questions (four), carried appropriate content for year 9 attainment. However, there would be a greater effect on test scores in test 2 to self-handicapping than test 1 due to the design of PISA tests; each question is weighted differently. For example, test 1 had a total of 30 points whereas test 2 had a total of 17 points. Therefore, an unanswered question in test 2 would account for 6% of the score compared to only 3% within test. Self-handicapping is a phenomenon found throughout many academic institutions, where incompletion of work/exams is preferable to attempting work at the risk of failure (Urdan & Midgeley, 2001; Martin et.al, 2003). Putwain (2009) postulates that this is occurs often in GCSE pupils when they become overwhelmed with workload and pressures to do well in exams, this theory would be supported due to year 9 test groups were also undertaking end of year exams and national tests during intervention.
Despite external exams environmental factors were reduced as much as possible within the test group, all tests were given at the same time of day within the same classroom. However, this was impractical within the control groups, one test being taken Friday before lunch and the other being taken on a Tuesday morning. This may have slightly altered test scores because research suggests individuals have different optimal performance skills at different times of the day (Delpouve et.al, 2014), to the extent at which this may affect test scores is unquantifiable within this study. 
Along with test materials, intervention materials served a duel purpose within the classroom materials promoted both PISA epistemic skills and KS3 science strands (Estyn, 2012). Enzymes and digestion was outlined in the scheme of work (SOW) and therefore intervention was in the context of “enzymes”. Due to ethical reasons and school policy regarding tracking all assessment needed to be transferable to KS3 progression strands. There is an assumption being made throughout the research that PISA skills and KS3 progression strands are transferable e.g. identification of variables and interpreting different sources of data. 
Firstly, following test 1, all students received direct feedback from test papers, each student carried out a self-assessment of their understanding and highlighted areas of improvement, this allowed for pupils to take responsibility for their own learning. There is strong evidence to indicate that frequent feedback about student learning yield will result in a better learning outcome (Black & Wiliam, 2006). The session also included epistemic skills practice in identifying variables across different experiment titles (appendix C). Secondly, pupils were given a homework during Easter holidays to analyse and assess a scientific method (appendix D), the tasks mirrored PISA-style questioning and KS3 strands (Estyn, 2012). Thirdly, pupils were given a literacy extract (appendix E) and asked to interpret and summarise information from the text. PISA-tests often give large extracts or summaries which students must infer and analyse using broader scientific skills, this encouraged the pupils to tackle large texts and not to shy away especially where the topic is unfamiliar. Guthrie and Wigfield (1999) outline the importance of motivated reading and comprehension, the greater the interaction the greater the comprehension. Therefore, it was important to cover a lesson where pupils were given the skills and confidence of tackling an unfamiliar topic, increased literacy confidence could mediate greater understanding (Stankov et.al, 2014; Gormally et.al, 2009; Guthrie & Wigfield, 1999). Finally, pupils were given an investigation and asked to use all their previously practiced skills into one project. All project work was to promote metacognitive and epistemic skills, studies show that these skills have better attainment through student-led activities such as investigations compared to classic teacher-led tasks (Black & Wiliam, 2006; Schraw et.al, 2006; Tien et.al, 2002).
However, reliability of the results may be in question due to test intervention group were clear about the learning outcomes and the need to engage with the PISA-test materials, there was no direct consequence to do well for the control group. Wolf and Smith (2009) showed that with increasing exam consequence increased performance.  This may have influenced the effort implemented to complete the test (Smith, 1999), pupils were also aware that these tests had no consequence on year 10 sets, parental reports or end of year scores. In addition, teacher-pupil relationships have said to have an affect on PISA test scores (Chung, 2015; Chen, 2017; Kosunen and Hansen, 2018) which could have introduced bias within the test group. It may indicate that pupils with a positive relationship will try harder in these tests compared to those who have feel negatively. The control group were not my teaching class and had no relationship to me apart from setting both tests, which may be more reflective of PISA testing adding validity to these scores compared to test group. Therefore, although test results may show significant differences, results should be taken within the context of my classroom and cannot be generalised across other year groups or schools.
Post-intervention test data – Control group & control group vs. test group
Within the control group 64.4% (standard deviation +/- 13.9) pre-intervention compared to 62.74% post-intervention (standard deviation +/- 18.2) would suggest that there is no difference on PISA scores. Furthermore, total percentage test scores found a p-value greater than 0.05 and t- stat value lower than the t critical and therefore we cannot reject he null hypothesis because the variances should be treated the same (appendix G.2). Furthermore, to mirror analysis conducted within the test group, content and epistemic scores were compared showing little difference in performance. Pre-intervention epistemic scores were 25.8% (standard deviation +/- 28.1) compared to 33.0% post-intervention (standard deviation 30.0). Pre-intervention content scores were 70.8% (standard deviation +/-14.1) and post-intervention content scores of 71.2% (standard deviation 19.9). This is strong evidence (p-value 0.045) to suggest that the differences in test scores within the PISA intervention test group were mainly due to the intervention taking place and reduces random variability (Charness et.al, 2012) e.g. current year 9 exams.
PISA scores for test group (54.9%, standard deviation 13.5) compared to end of topic test (47.8%, standard deviation 13.9) shows that results were very similar. This is reflected in the control group also, PISA scores of 62.6% (standard deviation 18.8) compared to end of topic scores of 64% (standard deviation 14.1).
Post-intervention test data – Test group only
a. Is there is a difference between PISA scores if pupils are exposed to more PISA questions?
Within the test group pre-intervention mean test scores of 60.4% (standard deviation +/- 11.7) compared with post-intervention mean test scores of 54.6% (standard deviation +/- 13.6) would suggest that the PISA intervention had no effect on PISA scores. Furthermore, total percentage test scores found a p-value greater than 0.05 and t- stat value lower than the t critical (appendix G3) and therefore we cannot reject he null hypothesis because the variances should be treated the same. 


At face value this would suggest that the intervention has had no effect on PISA scores within this year 9 group, however there are three competencies within the PISA framework that test pupils’ content, procedural and epistemic knowledge respectively. Intervention focused on epistemic tasks (appendix C-F), due to the huge range in content and limitations on time. Therefore, further analysis was undertaken to identify any differences between question sets. Epistemic questions were separated out from the content questions, mean scores, standard deviation, t-test values and p-values were calculated. Procedural questions were not assessed within the sample tests.
b. Do PISA-style questions improve content knowledge in science? 
Firstly, content pre-intervention means test scores of 64.2% (standard deviation +/- 12.7) compared with 52.6% post-intervention (standard deviation +/- 14.3) would suggest that the content PISA scores decreased. Furthermore, a t-test sample for means was carried out (appendix G.4), total percentage test scores found a p-value less than 0.05 (0.002) and therefore we can reject he null hypothesis because the variances are statistically different. T-values suggest that there is a difference between data sets, and that PISA intervention may have had a negative effect on content PISA outcomes within this year 9 group.

c. PISA style questions improve epistemic skills? 
Secondly, epistemic pre-intervention means test scores of 33.3% (standard deviation +/- 33.2) compared with post-intervention mean test scores of 60.7% (standard deviation +/- 27.2) would suggest that the epistemic PISA scores increased after intervention. Furthermore, a t-test sample for means was carried out (appendix G.5), epistemic test scores found a p-value less than 0.05 (0.006) and therefore we can reject he null hypothesis because the variances are statistically different. T-values suggest strong evidence that there is a difference between data sets, and that PISA intervention may have had a positive effect on PISA epistemic outcomes. In addition, test group epistemic scores (60.7%) were significantly higher compared to control group with a mean score of 37% (standard deviation +/-29.49). This would suggest that PISA intervention increased epistemic mean test scores compared with no-intervention within this year 9 group.

Overall results seem to indicate that PISA-style questioning may have a positive effect on developing epistemic skills within year 9 groups but does not have an immediate effect on improving subject knowledge. Results within the “content” scores would suggest that PISA-style intervention did not appear to influence end of topic results but did mirror outcomes (mean scores of 55% and 57%).

Conclusion 
SUM UP YOUR FINDINGS, MAKING LINKS TO YOUR READING. YOUR CONCLUSIONS SHOULD BE DRAWN CLEARLY FROM THE WORK YOUR EVALUATION. POINT TOWARDS FUTURE PRACTICE, MAKING RECOMMENDATIONS BASED ON THIS PIECE OF RESEARCH

The aim of the research was to identify if:
a. there is a difference between PISA scores if pupils are exposed to more PISA questions?
b. PISA-style questions improve content knowledge in science? 
c. PISA style questions improve epistemic skills? 

When looking at PISA scores compared to end of topic tests, in both test and control groups the data is not significantly different between tests. Although the results don’t indicate what effect PISA-style questions have on attainment and in-class learning, however it may support the validity of PISA tests as success indicators. Studies from Shi et.al (2016) and Guirra (2017) collected strong analytical data from a variety of countries comparing previous national tests and PISA scores which directly reflected uptake in science and technology further education.

Donald Schon heroy of reflection and learning reflective practitioner as teacher
Kolb’s learning cycle
Didau confirmation bias, sunk cost fallacy, group biases, backfire effect, correlation vs causation.
Over- simplistic cause and effect where complex behaviours and outside variability occurs.

Outcomes of PISA tests outline three main indicators; baseline profiles, skills against different groups, and changes from previous scores. Baseline profiles look at skills and content knowledge of pupils which contain the scores of all participants of that cohort. Whilst skills against different groups takes the views gathered from questionnaires to compare economic, social and demographical differences and directly compare them to attainment in specific skills. Finally, PISA tests compare the scores from previous years to see the level of change implemented. These scores are useful to see if any interventions have led to changes and to also see if scientific literacy ability has affected the scientific community, for example pupils who undertook the 2009 tests would now be within the working population (OECD, 2017). PISA conduct follow-up questionnaires that link participants’ skills scores to educational and work experiences as young adults (NCES, 2015).
Guirra (2017) argues “what teaching strategies from different countries correlate with stronger results?” Raising questions on whether strategies are increasing attainment in science or whether certain groups are better prepared for the test format (Deng and Gopinathan, 2016)?
Limitations and Future Directions (800)
Limitations to this study include; sample number, time availability, observation bias, validity, use of only quantitative data and disadvantages of between subject’s design.
Sample numbers were limited because all data was collected from two classes of approximately 30 pupils, although this carried validity in terms of future classroom enquiry because of the small numbers this data can only be applied to that individual class. A larger sample number, even at whole school level, may not give reliable enough results to apply it to all Welsh pupils due to economic, social and individual differences. PISA tests are carried out every 4 years by approximately 500,000 pupils across 70 countries. 
Time limitation needs also to be taken into consideration, the intervention took four hours in-class time and approximately one hour as a homework. 
Observation bias – I MARKED IT
No procedural questioning
Only quantitative data was taken within this research project; however, the OECD also collects qualitative data at the end of the PISA test, this is used to evaluate learners’ opinions and perspectives on scientific literacy, it builds a picture of emotional and social factors that may impact scores (Vukovik, 2017; Yee et.al, 2014). W
Every experimental design has limitations, between subject’s design may carry individual variability. Individual variability is impossible to eliminate, individuals are not solely influenced by intellectual stimulus they have lives outside of the classroom which may lead to either positive or negative effects on data (Shuttleworth, 2009). There is strong evidence to suggest that emotional stress and poor teacher-pupil relationships have a negative effect on test scores (Banks & Smyth, 2014). During intervention pupils were undertaking multiple end-of-year tests along with national reading and numeracy exams, stress levels of pupils may have skewed results. In the future, I would avoid undertaking research during exam session unless investigating “exams”.  Environmental factors need to be carefully considered in future research and be kept in mind when undertaking certain activities within the classroom.
(Ary et.al, 2018) 
Future classroom enquiry will support my professional development by enabling 
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Appendix A – PISA test 1	
Exercise
Read the text about exercise. 
Sioned and Nia are exercising at the gym. They will each spend 30 minutes on their exercise programmes. Sioned is walking at a steady pace on the treadmill. Nia is also on the treadmill but she is completing an interval training programme where she alternates between bursts of fast running and periods of steady jogging.

Question 1: 
When you exercise, certain changes happen in your body. Different levels of exercise will bring about different changes. Circle ‘yes’ or ‘no’ to each of the following statements.

[image: ]

Question 2:
Whilst they are doing their workouts, a friend decides to investigate some of the effects that their individual exercise programmes have on each girl’s body. She will measure heart rate and breathing rate. Some variables will need to be controlled during the test. Give one variable that will be controlled and explain how this can be done. 
Control variable _______________________________________________________ 
Explanation ______________________________________________________________________________________________________________________________________________________________________________________ 
One thing will be different about the workouts of the two girls. This is the independent variable. Name the independent variable for this investigation. 
_____________________________________________________________________

Question 3:
Complete the word equation for the process of aerobic respiration. Write the correct word into the box.

[image: ]



Question 4: 
Two types of respiration can take place in your body during exercise – aerobic and anaerobic. 
Circle ‘yes’ or ‘no’ for each of the following statements.

[image: ]

Question 5: 
Lactic acid is poisonous if it builds up in the body, so it must be broken down quickly. Oxygen is needed for this. 
Which organ is responsible for breaking down the lactic acid? 
A. Lungs 
B. Heart 
C. Liver 
D. Kidneys


Read the following extract
[image: ]

Question 6: 
Which of these nutrients will have been used to supply the body with glucose? 
A Proteins 
B Vitamins 
C Minerals 
D Carbohydrates 

Question 7:
The nutrient that supplies the body with glucose does not do it directly. It has to be broken down first. This happens during the process of digestion. Which chemicals are responsible for breaking down the food we eat into useful molecules during the process of digestion? 
A Hormones 
B Neurotransmitters 
C Enzymes 
D Plasma 

Question 8:
Nia is training for a half marathon. She will need to build up stores of glycogen in her muscles that can be broken down to supply her with energy during the race. Suggest three foods that she should eat which will provide her with correct nutrient to increase her glycogen stores. 
______________________________________________________________________________________________________________________________________________________________________________________

 Question 9:
The rate at which chemical reactions happen in our cells is known as the metabolic rate. This can vary from person to person. A number of factors can affect the metabolic rate, and in turn how fast we use up energy in our bodies. Circle ‘yes’ or ‘no’ for each of the statements.
[image: ]



































Appendix B – PISA test 2
Bread Dough
Read the text about Bread. 
To make bread dough, a cook mixes flour, water, salt and yeast. After mixing, the dough is placed in a container for several hours to allow the process of fermentation to take place. During fermentation, a chemical change occurs in the dough: the yeast (a single-celled fungus) helps to transform the starch and sugars in the flour into carbon dioxide and alcohol.
 Question 1: 
Fermentation causes the dough to rise. Why does the dough rise?
A.  The dough rises because alcohol is produced and turns into a gas.
B. The dough rises because of single-celled fungi reproducing in it.
C. The dough rises because a gas, carbon dioxide, is produced.
D. The dough rises because fermentation turns water into a vapour.
 
Question 2: 
[image: ]A few hours after mixing the dough, the cook weighs the dough and observes that its weight has decreased. The weight of the dough is the same at the start of each of the four experiments shown below. Which two experiments should the cook compare to test if the yeast is the cause of the loss of weight?
 
 
 
 
 
 
 
 
 
 
 



A. The cook should compare experiments 1 and 2. 
B. The cook should compare experiments 1 and 3. 
C. The cook should compare experiments 2 and 4.
D. The cook should compare experiments 3 and 4.

Question 3: 
In the dough, yeast helps to transform starch and sugars in the flour. A chemical reaction occurs during which carbon dioxide and alcohol form. Where do the carbon atoms that are present in carbon dioxide and alcohol come from? Circle “Yes” or “No” for each of the following possible explanations.
[image: ]
Question 4: 
When the risen (leavened) dough is placed in the oven to bake, pockets of gas and vapours in the dough expand. Why do the gas and vapours expand when heated?
 A. molecules get bigger. 
B. Their molecules move faster. 
C. Their molecules increase in number. 
D. Their molecules collide less frequently.
Lichens
Read the text about Lichens. 
Lichens are unusual organisms. They are actually two organisms living very closely together. The Main body of the lichen is made up of a fungus, and cells of an alga are found living within the fungus. This partnership benefits both the fungus and alga. There are three main types of lichen:
[image: ]
 Question 1:
Shrubby and leafy lichens are not usually seen in areas where there are high levels of air pollution. Which is the most scientific explanation for this according to the information given in the passage?
A. Shrubby lichens are bigger so they stand out against the grey colours in industrial areas and can be eaten by predators.
B. There are fewer trees for lichens to grow on in industrial areas
C. Shrubby lichens have a larger surface area so they absorb more sulphur dioxide pollution from the air which prevents them from growing.
D. People clean the lichens off their stonework in towns and cities.
 
Question 2:
Students from Ysgol Gyfun Cwm Gwyrdd have been asked to investigate the link between lichen growth and air pollution in towns. They decide to survey the types of lichens growing in their town. Which method will give them the best results?
 A. Survey the types of lichens found in the town centre, and in the countryside 5km outside the town.
B. Survey the types of lichens found in the town centre, and 1km, 2km, 3km,4km and 5km from the town centre.
C. Survey the types of lichens in the town centre only.
D. Survey the types of lichens found in the countryside only.
 
Question 3:
The town centre of Cwm Gwyrdd experiences very high levels of sulphur dioxide pollution from vehicles during the rush hours. Which of the following are types of lichens that will be found in the town centre of Cwm Gwyrdd? Circle ‘Yes’ or ‘No’ for each statement.
	 1
	Crustose (crusty) lichens
	Yes
	No

	2
	Foliose (leafy) lichens
	Yes
	No

	3
	Fructicose (shrubby) lichens
	Yes
	No

	4
	No lichens present at all
	Yes
	No


 
Question 4: 
There is a large industrial estate on the edge of the town of Cwm Gwyrdd.
a. What pattern do you think the students will see in the results of their survey?
b. Explain your answer.
 Question 5:
 Studies have shown that pollution levels in towns and cities have reduced over the last 30 years. Give two possible explanations for this.
 
 
 
 
 
  
Appendix C – Intervention material 1
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Appendix D – Intervention material 2
Developing enzyme supplements to help Cystic Fibrosis sufferers.

Cystic Fibrosis is a hereditary disease that often affects the pancreas and digestive system because the mucus in these areas becomes thick and sticky. If this occurs, the mucus blocks normal digestive function as well as harbours infection.
The digestive system is responsible for breaking down food, absorbing nutrients from the food, and ridding the body of waste products. The pancreas is an organ that is located in the upper abdomen, behind the stomach and close to the spine. It produces digestive enzymes, which travel to the intestines and break down (digest) food so that nutrients can be absorbed by the body.
In cystic fibrosis, mucus clogs the pancreas, and digestive enzymes are not able to get to the intestine. So food is not properly digested, particularly fats some carbohydrates and proteins. 
Lack of nutrition prevents normal growth and development in babies and children. Unhealthy weight loss and difficulty gaining or maintaining weight are common problems for many people of all ages who have cystic fibrosis.
A group of researchers are trying to develop a new supplement that contains the enzyme Amylase.  They wanted to work out what the best concentration of Amylase would be to breakdown the Starch from the CF sufferers food into its sugars which would be more easily digested, and then to determine the optimum conditions needed for Amylase to work most efficiently.
A test to see if Starch is present is to use Iodine.  This liquid will turn a blue/black colour if Starch is present but will remain a lighter red/brown colour if no Starch is present.

Task 1-
The team of scientists carried out a number of experiments to see what concentration of Amylase broke down the most starch into sugars below is a method of how they carried out the experiment;
1) Add a spoonful of Iodine to liquid Starch Agar in a Petri Dish
(note the black colour)
2) Leave until set solid.
3) Use a corer to make 4 holes in the agar
4) Add 1cm3 of 0.5% Amylase to the first hole, and then the same volume to the other holes
5) Put the lid on the petri dish and leave at room temperature overnight.
6) Repeat, but vary the concentration of Amylase in each of the holes.

Read through the method and add a cross if something has not been done.  For each cross write how to improve it.
	In a good scientific method…
	Has this been done in the experiment?
	How would you improve the method?

	The equipment needed for each measurement is suitable (it will allow good measurements)
	





	

	The results that will be collected will allow the question to be 
Answered

	






	

	The amount of each substance used and the measurements to be taken are stated.
	






	





	Control variables are used.  It is clear how to control these variables.

	






	






	Measurements are repeated to improve accuracy.



	






	



Task 2- 
Read the text to be able to answer the following questions:
	The independent variable is the concentration of the Amylase?
	True / False.

	Cystic Fibrosis can be caught from one person to the next?
	True / False.

	Repeats are needed to make the experiment more precise?
	True / False.







Task 3-
These were the results of the experiment: 

[image: ]

Which of the concentrations would be the best to use and why? ____________________________

Task 4-

The scientists want to continue the experiment, what do you think the next part of the experiment should be?

a. Test the starch/iodine agar with 4 more Amylase concentrations
b. Test the original experiment but do it at a higher temperature
c. Test the original experiment but introduce a control hole which contains just water
d. Test Starch/iodine Agar jelly but use a Protease instead of Amylase.


Explain your answer:__________________________________________________________________



Appendix E – Intervention material 3
Background – Enzymes

Enzymes are compounds that facilitate chemical reactions. These compounds are mostly proteins found in living organisms and are very important for cells to live and function. For example, the food that you eat is broken down into smaller pieces by different enzymes known as the digestive enzymes. Some examples are proteases, lipases and carbohydrases. Other enzymes help breakdown harmful by-products of respiration such as hydrogen peroxide. Catalase is an effective enzyme found mostly in the liver that breaks down hydrogen peroxide into products that are safe to the body.

Enzymes are catalysts. Catalysts are compounds that accelerate a reaction without being changed. Enzymes are not destroyed or changed, but rather reused in the same chemical reaction over and over. The compounds that enzymes act upon are known as substrates. The substrates are changes to form a product. The name of the enzyme usually ends in –ase and is derived from the substrate that is affected by it. For example, enzymes that break down proteins are called proteases.

[image: Image result for enzymes]

Will all enzymes break down all substances? No. Enzymes are very specific catalysts and usually work to complete one task. An enzyme that helps digest proteins will not be useful to break down carbohydrates. Also, you will not find all enzymes everywhere in the body. That would be inefficient. There are unique enzymes in liver cells, intestinal cells, and your saliva. 

You all know about cars and the assembly lines where they are made. There are giant robots helping people do specific tasks. Some lift the whole car, some lift doors, and some put bolts on the frames. Enzymes are like those giant robots. They grab one or two pieces, do something to them, and then release them. Once their job is done, they move to the next piece and do the same thing again. Enzymes are like little protein robots inside your cells. The robot that was designed to move a car door can't put brakes on the car. The specialized robot arms just can't do the job. Enzymes are the same. They can only work with specific molecules and only do specific tasks.

1. Summarise each paragraph into a short sentence.
2. Name two functions of enzymes in the body, give examples.
3. Give a short step-by-step account of how enzymes work (4 steps is enough).









Appendix F – Intervention material 4
[image: ]The use of enzymes in detergent.
The use of enzymes in detergent formulations is now common in developed countries, with over half of all detergents presently available containing enzymes. In spite of the fact that the detergent industry is the largest single market for enzymes at 25 - 30% of total sales. details of the enzymes used and the ways in which they are used, have rarely been published.
Dirt comes in many forms and includes proteins, starches and lipids. In addition, clothes that have been starched must be freed of the starch. Using detergents in water at high temperatures and with vigorous mixing, it is possible to remove most types of dirt but the cost of heating the water is high and lengthy mixing or beating will shorten the life of clothing and other materials. 
The use of enzymes allows lower temperatures to be employed and shorter periods of agitation are needed, often after a preliminary period of soaking. In general, enzyme detergents remove protein from clothes soiled with blood, milk, sweat, grass, etc. far more effectively than non-enzyme detergents. 
However, using modern bleaching and brightening agents, the difference between looking clean and being clean may be difficult to discern. At present only proteases and amylases are commonly used. Although a wide range of lipases is known, it is only very recently that lipases suitable for use in detergent preparations have been described.

1) What percentage of the market for enzymes is not involved in detergents?
________________________________________________________________
2) Give 1 example of a protein stain?
________________________________________________________________
3) What is the purpose of Amylase?
________________________________________________________________
4) Which chemical would you use to test for the presence of an enzyme?
________________________________________________________________

A team of scientist from the company Persil decided to investigate what effect temperature has on the biological washing powder they are producing. Study the plan they have come up with;
PLAN A:
Group 1 collected 5 pieces of the same fabric and applied size stain on to all 5 pieces. They left each stain to dry and then immersed each one into separate beakers of 200ml of biological washing powder solution. Each beaker was placed in an electric water bath (each one was a different temperature) and allowed to reach the desired temperature. After the correct temperature was reached, the 5 pieces of stained material were left in their beaker for 30 minutes. The materials were then removed from their beaker and observed. The team repeated this experiment 3 times.


The plan has identified variables. For each of the variables, circle true or false;
	Independent
	Temperature of water bath
	True
	False

	Control
	The amount of solution
	True
	False

	Dependent 
	
	True
	False



Which 5 temperatures would you recommend the Persil team use and why?
___________________________________________________________________________
State the enzyme that would need to be present in the washing powder if the stain was;
	Stain
	Enzyme required

	Grass
	

	Butter
	

	Potato
	



The team wanted to know if their results were repeatable and reproducible. Explain to the Persil team if this has been and achieved and how you know.
___________________________________________________________________________

[image: ]The team decided to photograph the stain before and after soaking. The results are shown in the diagram below. 

Although the team can visually see how much stain has been removed, how could they quantify the amount of stain removed from the material?
___________________________________________________________________________

Despite the team at Persil attempting to make the investigation as real as possible, suggest how this investigation is not similar to the use of the biological washing powder in a washing machine.
___________________________________________________________________________

Referring back to the information on page 1 and the results of the experiment; explain why biological washing powders are consisted more efficient than non-biological washing powders.
___________________________________________________________________________

Using the image and diagram above; Consider whether the team at Persil should call washing powders that contain enzymes, ‘biological’ and explain why.
___________________________________________________________________________



























Appendix G – Statistical reports
	Table G1: t-Test: Two-Sample Assuming Unequal Variances - Pre- intervention test ONLY

	 
	Total Test Group
	Total Control group

	Mean
	14.44827586
	15.64516129

	Variance
	7.827586207
	11.16989247

	Observations
	29
	31

	Hypothesized Mean Difference
	0
	

	df
	57
	

	t Stat
	-1.507651688
	

	P(T<=t) one-tail
	0.068583279
	

	t Critical one-tail
	1.672028888
	

	P(T<=t) two-tail
	0.137166558
	

	t Critical two-tail
	2.002465459
	 



	Table G2:  t-Test- Paired Two Sample for Means Pre- and post-intervention control groups

	 
	87.5
	94.11764706

	Mean
	64.44444444
	62.74509804

	Variance
	182.8703704
	311.0209601

	Observations
	30
	30

	Pearson Correlation
	0.725307978
	

	Hypothesized Mean Difference
	0
	

	df
	29
	

	t Stat
	0.765251785
	

	P(T<=t) one-tail
	0.22515249
	

	t Critical one-tail
	1.699127027
	

	P(T<=t) two-tail
	0.45030498
	

	t Critical two-tail
	2.045229642
	 



	Table G3: t-Test: Paired Two Sample for Means - Total percentage pre- and post-intervention

	 
	54.16666667
	64.70588235

	Mean
	60.41666667
	54.62184874

	Variance
	139.531893
	186.7413632

	Observations
	28
	28

	Pearson Correlation
	0.174333465
	

	Hypothesized Mean Difference
	0
	

	df
	27
	

	t Stat
	1.86613809
	

	P(T<=t) one-tail
	0.036460133
	

	t Critical one-tail
	1.703288446
	

	P(T<=t) two-tail
	0.072920267
	

	t Critical two-tail
	2.051830516
	 



	Table G4: t-Test: Paired Two Sample for Means – Total content percentage pre- and post-intervention

	 
	47.61904762
	61.53846154

	Mean
	64.28571429
	52.74725275

	Variance
	155.3707903
	209.1355938

	Observations
	28
	28

	Pearson Correlation
	0.127945155
	

	Hypothesized Mean Difference
	0
	

	df
	27
	

	t Stat
	3.421797128
	

	P(T<=t) one-tail
	0.000998051
	

	t Critical one-tail
	1.703288446
	

	P(T<=t) two-tail
	0.001996101
	

	t Critical two-tail
	2.051830516
	 



	Table G5: t-Test: Paired Two Sample for Means - Total Epistemic percentage pre- and post-intervention

	 
	100
	75

	Mean
	33.33333333
	60.71428571

	Variance
	987.654321
	760.5820106

	Observations
	28
	28

	Pearson Correlation
	-0.391716771
	

	Hypothesized Mean Difference
	0
	

	df
	27
	

	t Stat
	-2.940833447
	

	P(T<=t) one-tail
	0.003319585
	

	t Critical one-tail
	1.703288446
	

	P(T<=t) two-tail
	0.00663917
	

	t Critical two-tail
	2.051830516
	 



The effect of intervention on total mean percentage test scores

Box 1	1	16.666666666666664	29.411764705882348	Pre-intervention	Post-Intervention	54.166666666666664	47.058823529411761	Box 2	Pre-intervention	Post-Intervention	4.1666666666666714	5.8823529411764781	Box 3	20.833333333333343	17.647058823529406	1	Pre-intervention	Post-Intervention	8.3333333333333215	11.764705882352935	Average	Pre-intervention	Post-Intervention	60.201149425287362	54.969574036511155	
Total Percentage test score



The effect of intervention on mean content percentage scores

Box 1	1	14.285714285714285	30.769230769230766	Pre-intervention	Post-Intervention	57.142857142857139	46.153846153846153	Box 2	Pre-intervention	Post-Intervention	4.7619047619047663	7.6923076923076934	Box 3	19.047619047619051	23.076923076923073	1	Pre-intervention	Post-Intervention	9.5238095238095255	7.6923076923076934	average	Pre-intervention	Post-Intervention	63.711001642036109	53.050397877984089	
Content percentage test scores



The effect of intervention on mean epistemic percentage scores

Box 1	1	0	25	Pre-intervention	Post-Intervention	0	50	Box 2	Pre-intervention	Post-Intervention	33.333333333333329	0	Box 3	33.333333333333343	25	1	Pre-intervention	Post-Intervention	33.333333333333329	25	average	Pre-intervention	Post-Intervention	35.632183908045974	61.206896551724135	
Epistemic percentage test scores
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Changes that will happen in each girls body during their Sioned Nia
exercise session. Yes or No? | Yes or No?
Heart rate will increase Yes / No Yes / No
Breathing rate will increase Yes / No Yes / No
Aerobic respiration will take place Yes / No Yes / No
Anaerobic respiration will take place Yes / No Yes / No
Lactic acid will build up in the muscles Yes / No Yes / No
Blood flow to the muscles will increase Yes / No Yes / No
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Glucose + —> Carbon Dioxide + Water + Energy





image5.png
Aerobic Anaerobic

Respiration Respiration

Yes or No ? Yes or No ?
Respiration that involves oxygen Yes / No Yes / No
Respiration that produces lots of energy Yes / No Yes / No
Respiration that leads to a build up of lactic acid Yes / No Yes / No
Respiration that produces an ‘oxygen debt’ Yes / No Yes / No
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Some of the glucose from the food we eat can be stored in our muscles
as glycogen. Glycogen can be converted back into glucose when it is
needed for respiration, for example during exercise.
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Factor which can determine metabolic rate

Yes or No ?

How old you are Yes / No
The proportion of your body that is muscle Yes / No
The metabolic rate of your parents Yes / No
Taking stimulant drugs Yes / No
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Starter: Spot the variables

Sioned and Nia are exercising at the gym. They will each
spend 30 minutes on their exercise programmes. Sioned
is running at a steady pace. Nia is carrying out interval
training.

Independent:

Dependent:

Control:
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A variable is anything that could be changed when
carrying out a science investigation.

The variable where you decide the way it
changes.

The variable that changes and gives you

your result.

Variables that could change but you need
on ro to control to make it a fair test.
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—®-< What is a variable? )

A useful skill in Science is to be able to identify the
independent and dependent variables in an investigation.

Method 1:

We are investigating how changing the
level of light will affect how fast a sample of
pondweed will produce bubbles of oxygen.
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—@-C What is a variable? )

A useful skill in Science is to be able to identify the
independent and dependent variables in an investigation.

Method 2: Look in the results!

The height the ball was The height that the ball
dropped from bounced
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For each of the questions / statements below, work out the independent and dependent variables
and draw out the results table and graph for the statements below.

. How does changing the number of coils affect the number of paper clips an
electromagnet will pick up?

Will the colour of bread make a difference to how many birds choose to eat
the bread?

Does the height of a person have any relationship to how long their hair is?

We will investigate the effect of changing the temperature on how fast an
enzyme is able to work.

Does the amount of acid affect the speed at which hydrogen is produced
when it is mixed with magnesium?
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For each of the questions / statements below, work out the independent and dependent variables
and draw out the results table and graph for the statements below.

1. How does changing the [IIIBSHBHBOIE affect the number of paper clips an
electromagnet will pick up?

2. Will the EEISHEBHBIEER2ke a difference to how many birds choose to eat
the bread?

Does the [IEINISHEIBEISERAIN 2 ve any relationship to how long their hair is?
We will investigate the effect of EilSHGNGINSHSMpSIEMISIon how fast an

enzyme is able to work.

5. Does the EifioUNMONEGIAN- fect the speed at which hydrogen is produced
when it is mixed with magnesium?

Independent Dependent
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Q What is the difference?

A control is a way of making sure that a variable being tested
in a science investigation is actually having an effect on the
results.

It is a way that scientists can check the reliability of their
results.

Testing how good a washing powder is

Beaker 1 contains some cloth with a stain on. The water is hot
and contains 100g of washing powder dissolved in it.

Beaker 2 contains some cloth with a stain on. The water is hot
and contains 50g of washing powder dissolved in it.

Beaker 3 contains some cloth with a stain on. The water is hot
and contains 0g of washing powder dissolved in it.
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m What is reliability?

Reliability is how definite you are that the conclusion to your
science experiment is correct.

The simplest way to improve the accuracy of any science
experiment is to collect as many results as you can. This is

done either by:

Repeating the
experiment
as many times
as you can
and taking a
mean average of
the results

If doing a survey
or asking people, ask as
many people as possible
to participate.
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Sioned and Nia are exercising at the gym.
They will each spend 30 minutes on their
exercise programmes. Sioned is running
at a steady pace. Nia is carrying out
interval training.

Do you agree with your variables you
wrote in the starter?
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Science
scale
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Itis expected that student A will be able

to complete items I to V successfully,
and probably item VI as well.

Itis expected that student B will be able
to complete items I, Il and Il successfully,
Will have a lower probability of
completing item IV and is unlikely to
complete items V and VI successfully.

Itis expected that student C will be unable
to complete items II to VI successfully,
and will also have a low probability of
completing item I successfully.
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Figure 2.1 Mean PISA science scores for Wales between 2006 and 2015
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Sources: Bradshaw et al. (2007), Bradshaw et al. (2010), Wheater et al. (2014), PISA 2015 database.

Note: The dashed line between 2012 and 2015 refers to the introduction of computer based testing.
Thin black line through each data point refers to the estimated 95 per cent confidence interval. OECD
average based upon the ‘AV09’ results presented in the OECD international results Table 1.2 4a. See
Appendix F for further information on PISA 2012 scores in England, Wales and Northern Ireland.




