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Introduction 

The Focus for Teacher Assessment of Primary Science (Focus4TAPS) intervention aims to 

apply assessment for learning to Working Scientifically at primary school, including teachers 

(and pupils) gaining enhanced understanding of progression in Working Scientifically, 

applying formative assessment strategies, and adapting levels of support and challenge 

during lessons across an academic year. 

The Focus4TAPS intervention includes resources covering lesson plans and activities for 

scientific enquiry (Working Scientifically), each with an identified focus for assessment, 

learning objectives and criteria for success, and guidance on how to interpret children’s 

responses; wider guidance aims to foster and support assessment for learning within 

science and across the wider school context (Davies, Collier, Earle, Howe, & McMahon, 

2014; Earle, McMahon, Collier, Howe, & Davies, 2016; Primary Science Teaching Trust, 

2016). 

Ensuring that teachers and pupils have a shared understanding of learning aims and criteria 

for success, providing feedback to pupils, and fostering assessment for learning in general, 

may plausibly enhance attainment (Hattie & Timperley, 2007). Concurrently, enhancing the 

teaching of Working Scientifically (inherently involving practical work) may help address the 

need for support within this area, and this may also be enjoyed and appreciated by pupils 

(Gatsby Charitable Foundation, 2017; Hanley, Slavin, & Elliott, 2015; Kitmitto, González, 

Mezzanote, & Chen, 2018; National Foundation for Educational Research, 2011). 

Refining the teaching and learning of science, and mitigating disadvantage and 

inaccessibility, are on-going concerns within science education. Concurrently, the Education 

Endowment Foundation aims to support pupils’ educational attainment, and particularly for 

those pupils facing disadvantage. Accordingly, the trial focuses on (as a primary outcome) 

pupils’ science attainment while also considering (as secondary outcomes) pupils’ attitudes, 

beliefs, and wider views concerning science and Working Scientifically at school. 
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Design overview 

Trial design, including number of 
arms 

Two-arm, cluster randomised efficacy trial 

Unit of randomisation School 

Stratification variables  
(if applicable) 

Geographic region and school-level historical KS1 
attainment 

Primary 

outcome 

variable Science attainment 

measure 

(instrument, scale, 

source) 

Science attainment test providing a continuous 
single scale and/or continuous sub-dimension 
scales (‘Working Scientifically’ and ‘science content 
knowledge’) 

Secondary 

outcome(s) 

variable(s) Science attitudes (questionnaire responses) 

measure(s) 

(instrument, scale, 

source) 

Pupil questionnaire providing multiple item-level 
and factor-level agreement/disagreement scales: 

• interest/enjoyment in science; 

• confidence in science 

• perceptions of science teachers and 
practices; 

• self-efficacy within Working Scientifically; 

• wider views concerning Working 
Scientifically; 

• wider views concerning science 

Baseline for 

primary 

outcome 

variable Key Stage 1 reading and mathematics attainment 

measure 

(instrument, scale, 

source) 

Outcome classification categories (National Pupil 
Database) 

Baseline for 

secondary 

outcome 

variable Key Stage 1 reading and mathematics attainment 

measure 

(instrument, scale, 

source) 

Outcome classification categories (National Pupil 
Database) 

 

The design applied school-level stratified randomisation: random allocation into the 

intervention group and the control groups was on a 1:1 basis within each geographic region 

within each prior attainment strata. Geographic regions were defined and assigned per 

school by the delivery team (Birmingham, Coventry, London, Plymouth, Reading, Somerset, 

or Swindon). Prior attainment strata were implemented as quartiles based on the school-

level ‘Key Stage 1 average point score’ (for the cohort who undertook Key Stage 2 tests in 

2017/2018) across the 141 participating schools. Further details of randomisation are 

appended (Appendix A). 

The trial recruited schools during the 2018/2019 academic year, from December 2018 to 

April 2019. Randomisation was undertaken in June 2019 for 141 schools: 71 were assigned 

to the intervention group and 70 were assigned to the control group. The trial then began 

with Year 5 pupils in the academic year of 2019/2020, but was paused in March 2020 

because of the COVID-19 pandemic. During the summer of 2020, the trial engaged with the 
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same schools to reaffirm their involvement; 121 schools remained, with 61 schools 

remaining in the intervention group and 60 schools remaining in the control group. The trial 

then resumed with a new cohort of Year 5 pupils in the academic year of 2020/2021. 

The design originally expected pupil to complete baseline questionnaires (before 

randomisation) and also to complete subsequent follow-up questionnaires (towards the end 

of the trial/programme). However, the circumstances associated with pausing and 

recommencing the trial following COVID-19 disruption entailed that it was unfeasible for the 

new cohort of pupils to undertake baseline questionnaires, and these pupils will only 

complete questionnaires towards the end of the trial. Essentially, the original design involved 

pre-test questionnaires and post-test questionnaires to measure pupils’ various attitudes and 

views about science and teaching/learning; the updated design following COVID-19 

disruption only includes post-test questionnaires. 
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Sample size calculations overview 

 
Protocol Randomisation 

Recommencement 
following COVID-19 

disruption 

Overall FSM Overall FSM Overall FSM 

Minimum Detectable Effect 
Size (MDES) 

0.200 0.287 0.199 0.250 0.217 0.271 

Pre-test/ 
post-test 
correlations 

level 1 (pupil) 0.50 0.50 0.50 0.50 0.50 0.50 

level 2 (class) N/A N/A N/A N/A N/A N/A 

level 3 
(school) 

0 0 0 0 0 0 

Intracluster 
correlations 
(ICCs) 

level 2 (class) N/A N/A N/A N/A N/A N/A 

level 3 
(school) 

0.15 0.15 0.15 0.15 0.15 0.15 

Alpha 0.05 0.05 0.05 0.05 0.05 0.05 

Power 0.80 0.80 0.80 0.80 0.80 0.80 

One-sided or two-sided? Two-sided Two-sided Two-sided Two-sided Two-sided Two-sided 

Average cluster size 25 3 25 5 23 5 

Number of 
schools 

intervention 70 70 71 71 61 61 

control 70 70 70 70 60 60 

total 140 140 141 141 121 121 

Number of 
pupils 

intervention 1750 210 1831 380 1452 318 

control 1750 210 1706 358 1374 286 

total 3500 420 3537 738 2826 604 

 

Minimum detectable effect sizes 

Minimum detectable effect size (MDES) calculations were undertaken via PowerUp (‘version 

05/12/2019’, which uses a MM/DD/YYYY format) (Dong & Maynard, 2013). 

Numbers of pupils and schools: randomisation 

As of randomisation (June 2019), 141 schools were participating: 71 were assigned to the 

intervention group and 70 were assigned to the control group. 

Schools allocate a Year 5 class to be the evaluation focus, entailing one class per school. 

The effect size calculations reflect a two-level cluster randomised design, with pupils nested 

within schools, and with treatment at the school-level. 

MDES calculations as of the original protocol assumed 25 pupils per class, as per the 

Focus4TAPS plan. These calculations also assumed 3 pupils per class ever eligible for Free 

School Meals following from national statistics (Department for Education, 2018). 

MDES calculations as of randomisation involved 25 pupils per class with 5 pupils per class 

ever eligible for Free School Meals, which were the averages from the pupil lists provided by 

the schools. It is possible that the Free School Meal status from the pupil lists might not 

reflect the Free School Meal status as per the National Pupil Database. Given potential 
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changes or recruitment of teachers, schools were contacted to clarify the class focus.2 This 

process affirmed that, during 2019/2020, 1831 pupils were expected to receive the 

intervention (across 71 schools), and 1706 pupils would form the control group (across 70 

schools): 3537 pupils overall, across 141 schools, giving an average of 25 pupils per school. 

From the information provided by the schools, 738 of the 3537 pupils were eligible for Free 

School Meals, giving an average of 5 pupils per school (across 141 schools). 

Numbers of pupils and schools: recommencement following COVID-19 disruption 

The trial recruited schools during the 2018/2019 academic year, from December 2018 to 

April 2019. Randomisation was undertaken in June 2019 for 141 schools: 71 were assigned 

to the intervention group and 70 were assigned to the control group. The trial began with 

Year 5 pupils in the academic year of 2019/2020, but was paused in March 2020 because of 

the COVID-19 pandemic. During the summer of 2020, the trial engaged with the schools to 

reaffirm their involvement; 121 schools remained, with 61 schools remaining in the 

intervention group and 60 schools remaining in the control group. The trial then resumed 

with a new cohort of Year 5 pupils in the academic year of 2020/2021. 

Essentially, the trial recommenced with a new cohort of Year 5 pupils within the same 

schools (and the schools retained the same intervention or control assignment), where some 

attrition of schools has occurred (and any attrition may or may not be random). Some 

teachers may have remained while some may have changed. Aspects of intervention 

training/delivery, and wider aspects of teaching/learning within schools, changed given the 

COVID-19 pandemic. The (changed) provided programme will be described in the final 

reporting. 

As before, schools gathered and provided information about the new cohort of pupils and 

their teachers, ensuring that families were given the chance to withdraw from the trial. During 

2020/2021, 1452 pupils were expected to receive the intervention (across 61 schools), and 

1374 pupils would form the control group (across 60 schools): 2826 pupils overall, across 

121 schools, giving an average of 23 pupils per school. From the information provided by the 

schools, 604 of the 2826 pupils were ever eligible for Free School Meals, giving an average 

of 5 pupils per school (across 121 schools). 

These indicative numbers of pupils may be amended at later stages, and numbers (at 

various stages across the trial) will be clarified within the final reporting. For example, data 

regarding Free School Meal eligibility from the National Pupil Database may allow further 

pupils to be identified. 

Pre-test/ post-test correlations 

Key Stage 1 national tests encompass mathematics and English reading, with optional tests 

in English grammar/punctuation/spelling; Key Stage 2 national tests encompass 

mathematics, English reading, and English grammar/punctuation/spelling (Department for 

 
2 Intervention schools were contacted during the autumn term of 2019 in order to affirm 
which pupils/classes would be receiving the intervention programme. In order to minimise 
the perceived burden on control schools, their earlier pupil/staff information was considered 
(where the schools had provided details of the pupils per class, their Year 4 teachers, and 
the Year 5 teachers who could/would have delivered the intervention for the pupils) in order 
to highlight which pupils/class would have received the intervention if they had been 
assigned to the intervention group. If the control school had multiple classes, and the 
available information was unclear (for example, if the expected Year 5 teacher per class was 
unknown due to teachers still being recruited and/or assigned to particular classes at the 
time of data collection), then one class was randomly selected for that school. 
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Education, 2014). Following National Curriculum changes in 2014, Key Stage 2 testing from 

2016 onwards has been revised to reflect the new curriculum (Department for Education, 

2018). 

Historical correlations between Key Stage 1 and Key Stage 2 attainment have been high, for 

example often around 0.7 (Allen, Jerrim, Parameshwaran, & Thompson, 2018; Education 

Endowment Foundation, 2013). However, Key Stage 1 measures of mathematics and/or 

English attainment may only approximate science attainment. Accordingly, within the 

Focus4TAPS context, lower correlations may be more likely to be observed between (pre-

test) Key Stage 1 mathematics and/or English attainment and (post-test) science attainment 

test scores, due to differences over time and across subjects. 

For pre-test/post-test correlations, lower estimates are more conservative within minimum 

detectable effect size calculations. Accordingly, for Focus4TAPS, the pupil-level correlation 

between pre-test (Key Stage 1 scores) and post-test (science attainment test scores) 

indicators was estimated to be 0.5. The school-level correlation for pre-test and post-test 

indicators was estimated to be zero, following from discussions with the Education 

Endowment Foundation. 

Intracluster correlations (ICCs) 

The proportion of variance between schools is referred to as the intra-cluster correlation. 

Historical intra-cluster correlations have often been small, for example around 0.1 for Key 

Stage 2 tests (Allen, Jerrim, Parameshwaran, & Thompson, 2018). More specifically, an 

intra-cluster correlation of 0.15 was observed in science attainment test scores for Year 5 

pupils within the ‘Thinking, Doing, Talking Science’ evaluations (Hanley, Slavin, & Elliott, 

2015; Kitmitto et al., 2018). For intra-cluster correlation, higher estimates are more 

conservative within MDES calculations. Accordingly, for Focus4TAPS, the intra-cluster 

correlation was estimated to be 0.15. 
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Analysis 

The analysis will be undertaken using IBM SPSS Statistics version 25 (or a subsequent 

version as detailed in the final reporting). 

Primary outcome analysis 

The Focus4TAPS intervention includes resources covering lesson plans and activities for 

scientific enquiry (Working Scientifically), each with an identified focus for assessment, 

learning objectives and criteria for success, and guidance on how to interpret children’s 

responses; wider guidance aims to foster and support assessment for learning within 

science and across the wider school context (Davies, Collier, Earle, Howe, & McMahon, 

2014; Earle, McMahon, Collier, Howe, & Davies, 2016; Primary Science Teaching Trust, 

2016). Refining the teaching and learning of Working Scientifically, and/or practical work in 

general, may foster and/or otherwise support pupils’ attainment in science. For example, 

ensuring that teachers and pupils have a shared understanding of learning aims and criteria 

for success, providing feedback to pupils, and more generally fostering assessment for 

learning may plausibly enhance attainment (Hattie & Timperley, 2007). 

The primary outcome will be science attainment, measured using an adapted version of the 

Thinking, Doing, Talking Science (TDTS) test (Hanley, Slavin, & Elliott, 2015). This test was 

originally compiled from questions developed by Terry Russell and Linda McGuigan for an 

unrelated Randomised Controlled Trial funded by the Wellcome Trust and covers a range of 

topics in biology, chemistry, and physics; the test included process/inquiry-based, concept-

based, and open-ended conceptually-based questions. The reason for the adaptation is to 

align the test with the latest changes in the national curriculum and reflect the focus on 

science inquiry.  

The EEF commissioned an external team to compare the TDTS instrument to the current 

national curriculum to assess the extent to which it corresponded to the latest programmes 

of study. The conclusion was that there is a poor match between the current version of the 

TDTS test and the current national curriculum. The EEF then commissioned the Centre for 

Industry Education and the York Trials Unit, University of York, to develop and pilot a refined 

version of the instrument. The pilot results appeared to show acceptable 

psychometric/statistical properties. For example, the test items formed one single factor with 

acceptable internal consistency (via Cronbach’s Alpha), strong test-retest reliability was 

observed (via the correlation coefficient between scores at the two different times), and the 

test scores showed expected patterns with Key Stage 1 data and across known groups of 

students (such as by age, gender, and eligibility for Free Schools Meals). As a result, the 

test as developed by the Centre for Industry Education Collaboration and the York Trials Unit 

at the University of York will be used as the measure of science attainment. 

Science attainment test scores will be operationalised as an aggregated (and linear) scale 

across all of the test items. Given the Focus4TAPS focus on Working Scientifically, analysis 

will also (secondarily) consider test scores as separate ‘Working Scientifically’ and 

‘content/topic knowledge’ dimensions, if these different dimensions are supported by 

features of the test (the conceptual/theorised focus per test item) and/or empirical 

approaches such as factor analysis. 

A multi-level model will predict the pupil-level test scores using the pupil-level prior 

attainment measures (Key Stage 1 reading classification and Key Stage 1 mathematics 

classification), a school-level intervention status indicator (whether the school was assigned 
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to the intervention group or to the control group), and the school-level randomisation 

stratification indicators (the school’s geographical region and school-average historical 

attainment); the multi-level model will also include a ‘random effect’ on the school-level via 

the ‘random intercept’ archetype. 

The ‘random intercept’ archetype is sufficient to account for the clustering of pupils within 

schools, and is applied within many contemporary EEF evaluations (i.e. it is the simplest 

sufficient archetype). There is no clear precedent for considering ‘random slope’ and 

‘random intercept and random slope’ archetypes. 

The underlying conceptual equations and operational code for statistical software will be 

detailed within the final reports (these will follow the indicative equations and code as shown 

in Appendix B). 

The primary outcome analysis will involve the following indicators. 

Indicator Details 

Pupil-level science test scores (the primary 
outcome) 

A linear scale, with units and range to be 
determined, calculated from the 
administered science test 

Pupil-level prior attainment: Key Stage 1 
reading classification [National Pupil 
Database: KS1_READ_OUTCOME] 

Categorical variable as sourced from the 
National Pupil Database 

• A = Absent 

• D = Disapplied 

• BLW = Below 

• PKF = Pre-Key stage - Foundations 
for the expected standard 

• WTS = Working towards the 
expected standard 

• EXS = Working at the expected 
standard 

• GDS = Working at a greater depth 
within the expected standard 

Depending on the pupils/data, each 
category may not be populated/relevant; 
the final reporting will detail the considered 
categories 

Pupil-level prior attainment: Key Stage 1 
mathematics classification [National Pupil 
Database: KS1_MATH_OUTCOME] 

Categorical variable as sourced from the 
National Pupil Database 

• A = Absent 

• D = Disapplied 

• BLW = Below 

• PKF = Pre-Key stage - Foundations 
for the expected standard 

• WTS = Working towards the 
expected standard 

•  EXS = Working at the expected 
standard 

• GDS = Working at a greater depth 
within the expected standard 

Depending on the pupils/data, each 
category may not be populated/relevant; 
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Indicator Details 

the final reporting will detail the considered 
categories 

School-level ‘intervention or control’ 

indicator 

Binary variable from randomisation 

processes 

• Control school = 0 

• Intervention school = 1 

Stratification variable: region Categorical variable from randomisation 
processes [see Appendix A] 

• Birmingham 

• Coventry 

• London 

• Plymouth 

• Reading 

• Somerset 

• Swindon 

Stratification variable: school-level prior 
KS1 attainment quantile 

Categorical variable from randomisation 
processes [see Appendix A] 

• Quantile 1 

• Quantile 2 

• Quantile 3 

• Quantile 4 
 
These quantiles were formed from the 
school-level ‘Key Stage 1 average point 
score’ [TKS1AVERAGE] for the cohort of 
pupils who undertook Key Stage 2 tests in 
2017/2018, from publicly available school-
level information; the TKS1AVERAGE 
indicator provided an average across 
reading, writing, and mathematics 
(Department for Education, 2018) [see 
Appendix A] 

 

In addition to the planned analysis (as above and summarised in the protocol), further 

analysis will consider whether the findings are sensitive to (i.e. potentially change depending 

on) how the pupil’s attainment has been measured. Alternate analysis will consider the 

pupils’ Key Stage 1 detailed test scores (Key Stage 1 mathematics test marks out of 60 and 

Key Stage 1 English test marks out of 40, as sourced from schools) instead of the Key Stage 

1 categorical classifications (as sourced from the National Pupil Database). The pupils’ Key 

Stage 1 detailed test scores are not recorded within the National Pupil Database, but 

schools do not necessarily hold records of these; the detailed test scores are accordingly not 

available for all pupils. (The details and pupil numbers per model will be comprehensively 

conveyed within the final reporting.) Further robustness/sensitivity analysis will apply multiple 

imputation to create scores where these are missing, and run models with and without 

imputed values. (The multiple imputation details will be comprehensively conveyed within the 

final reporting.) 

Further analysis will also include the pupil-level age in months as of the start of Year 5 

(considered as a linear scale as calculated from information as provided by schools), given 
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the relatively young ages of the pupils. This will consider whether the main findings are not 

dependent on pupils of different ages potentially having different attainment. 

Secondary outcome analysis 

Refining the teaching and learning of Working Scientifically, and/or practical work in general, 

may foster and/or otherwise support pupils’ orientations towards science, including their 

interest and enjoyment of science at school, their confidence in doing science at school, and 

numerous other aspects, attitudes, and/or beliefs. Pupils’ attitudes and beliefs, such as their 

interest and confidence in doing science, are important influences on their overall 

educational progressions and/or trajectories towards or away from science (Archer, Moote, 

Francis, DeWitt, & Yeomans, 2017; Mujtaba & Reiss, 2014; Mujtaba, Sheldrake, Reiss, & 

Simon, 2018); pupils’ varying science trajectories/progressions continue to be a national 

concern (Royal Society, 2008; 2010; 2014). 

Accordingly, the following secondary outcomes (broadly relating to pupils’ attitudes towards 

science) will be considered: 

• Interest and enjoyment in science; 

• Confidence in science; 

• Perceptions of science teachers and practices; 

• Self-regulation of learning; 

• Self-efficacy for Working Scientifically; 

• Wider views about Working Scientifically; 

• Wider views concerning science. 

These reflect pupils’ attitudes and beliefs related to science, but cannot necessarily be 

aggregated into one overall and singular measure of ‘science attitudes’ and/or ‘science 

capital’. For example, someone’s perceptions of their science teacher and someone’s 

interest in science might be expected to correlate, but these are two different things.  

The trial design originally involved pupils completing baseline questionnaires and then 

subsequent questionnaires towards the end of the trial. The circumstances associated with 

recommencement following COVID-19 disruption entailed that it was unfeasible for the new 

cohort of pupils to undertake baseline questionnaires. This entailed that the pupils’ prior 

attainment needs to act as the baseline for any and all attitudes and views. Attainment may 

positively correlate to some extent with pupils’ interest, confidence, and other attitudes and 

views. Nevertheless, attainment and attitudes are conceptually different; it is also possible 

that (for example) pupils might have higher (or lower) attainment and nevertheless also be 

less (or more) interested in science.  

The analysis for the secondary outcomes will follow the same model specification used for 

the primary outcome: the pupil-level post-test outcome will be predicted by the pupil-level 

prior attainment measures (Key Stage 1 reading classification and Key Stage 1 mathematics 

classification), a school-level intervention status indicator (whether the school was assigned 

to the intervention group or to the control group), and the school-level randomisation 

stratification indicators (the school’s geographical region and school-average historical 

attainment). The multi-level models will also include a ‘random effect’ on the school-level via 

the ‘random intercept’ archetype. We will also conduct sub group analysis. 

The reporting of the results will convey findings and note the context: effect sizes and 

statistical significance will be conveyed, and the standard threshold for significance will be 
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conveyed (p < 0.05) and a further ‘adjusted’ threshold for significance will also be conveyed 

(0.05 divided by the number of ‘tests’ being undertaken i.e. the number of secondary 

outcomes being considered; this is the Bonferroni method of adjustment for multiple tests). 

The Bonferroni method of adjustment essentially recognises that multiple outcomes may not 

necessarily be independent. Essentially, the reporting will convey the context and allow 

readers to understand the issues involved. 

The details of the questionnaire items for the different secondary outcomes are appended 

(Appendix C). 

Subgroup analyses 

The Education Endowment Foundation aims to support pupils’ educational attainment, and 

particularly for those pupils facing disadvantage. Additionally, science education and policy 

is increasingly concerned with supporting all pupils, and making science at school (and the 

overall field of science) more accessible and inclusive regardless of people’s backgrounds 

and characteristics (Royal Society, 2008; 2010; 2014). For example, there have been 

persistent and inequitable levels of science participation across genders (Royal Society, 

2008; 2010; 2014), which highlights the benefit of considering whether any impact is similar 

or different across pupils who identify as boys and pupils who identity as girls. 

Sub-group analysis will essentially explore whether the intervention has a different effect on 

different groups of pupils, and will be undertaken via interaction models. These multi-level 

models will predict the pupil-level primary outcome (test scores) using the pupil-level prior 

attainment measures, a school-level intervention status indicator (whether the school was 

assigned to the intervention group or to the control group), the school-level randomisation 

stratification indicators (the school’s geographical region and school-average historical 

attainment), the sub-group indicator, and the interaction between the sub-group indicator 

and the intervention indicator. The multi-level models will also include a ‘random effect’ on 

the school-level via the ‘random intercept’ archetype. 

If a significant interaction effect is revealed, the main multi-level model (as per the primary 

outcome analysis) will be repeated for the sub-groups considered separately in order to 

clarify the effect size per sub-group. 

The analysis will consider the following sub-group indicators. 

• Disadvantaged/advantaged status, using an indicator of pupils’ receiving/ever-

received free school meals to reflect disadvantaged status (sourced from the 

National Pupil Database: EverFSM via the indicator ‘EVERFSM_6_P’)3. 

• Gender (as self-reported by pupils via the questionnaire and/or as 

confirmed/matched via the National Pupil Database). (Final reporting will detail the 

exact processes, for example in cases of missing self-reports from the questionnaire; 

robustness/sensitivity analysis may also be applied considering the pupils’ reports 

and then alternately considering the National Pupil Database indicators.) 

• Pupils having parents who attended university or not (as self-reported by pupils via 

the questionnaire). 

 
3 The EVERFSM_6_P indicator is formed and defined by the Department for Education (via National Pupil Database table 

information as of January 2019) as a “flag to indicate if pupil has ever been recorded as eligible for free school meals at any 
time in any termly or annual Census (including Alternative Provision Census and PRU Census where available) in the last 6 
years up to the pupil's current year (not including nursery). This is used as the FSM6 indicator for the Pupil Premium 
calculations”. 
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• Pupils having a family member who works within a science-related job or not (as self-

reported by pupils via the questionnaire). 

• Pupils thinking that their parents or guardians are interested in science or not (as 

self-reported by pupils via the questionnaire). 

Additionally, following the established processes and standards from the Education 

Endowment Foundation (2018), pupils receiving/ever-received free school meals will be 

considered as a separate sub-sample, and the effect size for these particular pupils will also 

be calculated using this separate sub-sample model (Education Endowment Foundation, 

2018). 

Longitudinal follow-up analyses 

The trial was planned and setup prior to the Education Endowment Foundation’s decision to 

routinely include longitudinal follow-up within trials. Accordingly, a longitudinal follow-up 

(considering, for example, any impact on Year 6 Key Stage 2 test outcomes) is not currently 

considered within the trial. 

Imbalance at baseline  

Baseline balance or imbalance will be considered via cross-tabulation of pupil-level 

background characteristics (gender and disadvantaged/advantaged status) for schools as 

they were randomised, and for the sub-sample of those analysed.  

Baseline balance or imbalance will be considered for the primary and secondary outcomes, 

through reporting means (averages) and standard deviations, and the magnitude of the 

standardised difference (akin to ‘Cohen’s D’ and representing an ‘effect size’) across the 

intervention and control groups, calculated as per established guidance using pooled 

standard deviations (Education Endowment Foundation, 2018). The group means, standard 

deviations, numbers per group, and statistical significance of the tests will be 

comprehensively reported (i.e. the tests will report both the magnitude of the standardised 

difference akin to ‘Cohen’s D’ and the statistical significance of the difference via p-values). 

The standardised difference (akin to ‘Cohen’s D’) will be calculated as follows, using the 

means (m) of the intervention and the control groups, and the ‘pooled’ standard deviation (s*) 

across the intervention and control groups. 

standardised difference =
𝑚𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛 − 𝑚𝑐𝑜𝑛𝑡𝑟𝑜𝑙

𝑠∗
 

The ‘pooled’ standard deviation across the intervention and control groups (s*) will be 

calculated as follows, using the standard deviation (sd) and the number of pupils (n) of the 

two groups (Education Endowment Foundation, 2018). 

𝑠∗ = √
(𝑛𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛 − 1)𝑠𝑑𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛

2 + (𝑛𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 1)𝑠𝑑𝑐𝑜𝑛𝑡𝑟𝑜𝑙
2

𝑛𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛 + 𝑛𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 2
 

In addition to the primary and secondary outcomes, the baseline balance or imbalance for 

any other indicators used within the analytical models will be similarly considered and 

reported. For categorical indicators, counts and percentage point differences per category 

will be reported, together with relevant statistical tests (covering both magnitudes of 

difference and statistical significance of the difference). 
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Implications to primary and secondary outcome analysis 

Any imbalances across the intervention and control groups may increase the risk of lower 

validity across the trial (e.g. introducing a risk of ‘confounding’): essentially, an observed 

and/or analytically revealed difference across the intervention and the control groups may 

potentially follow from the groups having underlying differences on other indicators. In 

accordance with guidance from the Education Endowment Foundation (2019), imbalance 

may need to be analytically accounted for. For example, if the groups are imbalanced on a 

particular indicator, and this indicator may influence the primary/secondary outcomes, then 

the indicator can also be included within the primary/secondary analytical models. 

The primary and secondary outcome analysis will initially be undertaken as intended. 

Additional multi-level models will then also include any additional predictors (i.e. those which 

are found to be imbalanced across the intervention/control groups) in order to mitigate any 

risks of confounding. 

The trial design originally involved pupils completing baseline questionnaires and then 

subsequent questionnaires. The circumstances associated with recommencement following 

COVID-19 disruption entailed that it was unfeasible for the new cohort of pupils to undertake 

baseline questionnaires; pupils will only complete questionnaires towards the end of the trial. 

Without baseline measurement, it is impossible to determine whether the pupils are/were 

balanced or imbalanced regarding baseline attitudes and views. 

Missing data  

Concepts regarding missing data 

Missing information/data is unavoidable within large-scale trials in schools. Attrition of 

schools and/or pupils may occur over time, for example, and participating pupils cannot 

ethically be forced to complete questionnaires and/or to respond to every single 

questionnaire item. However, statistical software by default only considers cases (pupils) 

with information for every single indicator that is included within a model; for example, even if 

a pupil had information for five out of the six indicators that are being considered by a model, 

the pupil would be excluded from analysis by the statistical software. Reducing the numbers 

of pupils in this way usually reduces the power of statistical tests to reveal significant 

differences, and the ‘analytical sample’ involving fewer pupils may (or may not) differ in 

profile from the original sample (Peugh & Enders, 2004). 

Missing information is often considered as occurring within the following situations (Rubin, 

1976). 

• ‘Missing completely at random’ (MCAR): the likelihood of data being missing or 

present for an indicator (such as science test scores) is completely due to chance, 

and does not depend on other factors (such as whether a pupil identifies as a boy or 

as a girl) or on the extent/magnitude of the thing that is being measured. 

• ‘Missing at random’ (MAR): the likelihood of data being missing or present for an 

indicator (such as science test scores) does depend on other factors (such as pupils 

identifying as boys being more likely to have missing data compared to those 

identifying as girls) but does not depend on the extent/magnitude of the thing that is 

being measured. 

• ‘Not missing at random’ (NMAR); the likelihood of data being missing or present for 

an indicator (such as science test scores) depends on the extent/magnitude of the 

thing that is being measured (such as pupils who would have low test scores being 

more likely to have missing data). 
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These different situations determine which particular analytical approaches may be suitable. 

Undertaking analysis on pupils with information for every single indicator and omitting any 

other pupils from the analysis assumes that missing data are ‘Missing completely at random’ 

(MCAR). Making inferences/estimates of any missing information assumes that missing data 

are ‘Missing completely at random’ (MCAR) or ‘Missing at random’ (MAR). 

Methods for handling missing data within the evaluation 

The primary and secondary outcome multi-level models will only consider pupils with 

information for every modelled indication (i.e. for the outcome and for every predictor 

included within the model). 

The patterns of missing information will be considered and reported, including via 

summarising missing percentages per item/indicator and via cross-tabulations showing 

missing percentages by pupils’ characteristics (such as gender, FSM status, etc.). 

A ‘Missing completely at random’ (MCAR) situation will be empirically tested for via Little’s 

MCAR test (Little, 1988). 

A ‘Missing at random’ (MAR) situation will be empirically explored through creating additional 

‘missing or present’ variables (for each of the various indicators within the primary and 

secondary outcome models), and considering whether these are predicted by the various 

other available factors/indicators. For example, if an available indicator (such as pupils’ 

gender) predicted whether science test scores were ‘missing or present’, then this would 

suggest a ‘Missing at random’ (MAR) situation. 

It is difficult to determine whether a situation involves ‘Not missing at random’ (NMAR). For 

example, definitively determining that the likelihood of data being missing or present for 

science tests scores does (or does not) depend on the magnitude of science test scores 

(rather than depending on any other factor) would require knowing the science test scores of 

all pupils (and if these were known, then they would not be missing, and the entire process 

would be irrelevant). 

Inferences/estimates of any missing information will be created via ‘multiple imputation’ 

(Rubin, 1987; 1996) using SPSS; five imputations will be created. The process of creating 

inferences/estimates of any missing information will include further indicators (e.g. the 

indicators formed from the pupils’ questionnaire responses, the pupils’ FSM status, etc.) 

even if these are not included within the primary/secondary outcome analysis models. These 

processes will be detailed within the final reporting. 

The primary and secondary outcome multi-level models will then be reproduced, including 

these ‘multiple imputation’ inferences/estimates of any missing information. 

If more than 5% of cases are missing for a primary or secondary outcome analytical model, 

and it is plausible to assume a ‘Missing completely at random’ (MCAR) or ‘Missing at 

random’ (MAR) situation, then the reporting will explain this and highlight that it may be more 

meaningful to consider the effect sizes from the models with inferences/estimates of any 

missing information. Similarities and differences across the various models will be 

highlighted and discussed. 

Multiple imputation models 

The models used to create inferences/estimates of any missing information will include the 

following indicators. 



17 
 

The original trial design involved pre-test questionnaires and post-test questionnaires to 

measure attitudes and views; the updated design following COVID-19 disruption only 

includes post-test questionnaires. 

Indicators from the primary and secondary analysis: 

• Pupil-level (post-test) science test scores; 

• Pupil-level prior attainment: Key Stage 1 reading classification [National Pupil 

Database: KS1_READ_OUTCOME]; 

• Pupil-level prior attainment: Key Stage 1 mathematics classification [National Pupil 

Database: KS1_MATH_OUTCOME]; 

• School-level ‘intervention or control’ indicator; 

• Stratification variable: region; 

• Stratification variable: school-level prior KS1 attainment quantile; 

• Post-test pupil-level interest and enjoyment in science; 

• Post-test pupil-level confidence in science; 

• Post-test pupil-level perceptions of science teachers and practices; 

• Post-test pupil-level self-regulation of learning; 

• Post-test pupil-level self-efficacy for Working Scientifically; 

• Post-test pupil-level wider views about Working Scientifically; 

• Post-test pupil-level wider views concerning science. 

Together with pupil characteristics (as considered within the sub-group analysis): 

• Disadvantaged/advantaged status [National Pupil Database: EVERFSM_6_P]; 

• Gender (as self-reported by pupils via the questionnaire); 

• Pupils having parents who attended university or not (as self-reported by pupils via 

the questionnaire); 

• Pupils having a family member who works within a science-related job or not (as self-

reported by pupils via the questionnaire); 

• Pupils thinking that their parents or guardians are interested in science or not (as 

self-reported by pupils via the questionnaire). 

Compliance  

Treatment effects in the presence of non-compliance will be considered through an 

‘instrumental variables’ approach (Education Endowment Foundation, 2018). 

Compliance analysis will be undertaken at the school-level. The following four measures 

were originally conceptualized (before the COVID-19 pandemic) as a minimum indicator of 

compliance: 

• Attending the introductory meeting [measured via attendance records collected by the 

developer] [minimum: attended by a senior staff member] 

• Attending the CPD days [measured via attendance records collected by the developer] 

[minimum: two of three days by Year 5 teacher] 

• Engaging with gap tasks between CPD sessions [measured via submitted task 

materials collected by the developer] [minimum: two of three tasks] 

• Overall use of Focus4TAPS lesson plans and work samples [measured via teacher 

surveys] [minimum: five assessment class lessons using Focus4TAPS] 
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Given the COVID-19 pandemic, the compliance indicators were adjusted to reflect the 

provision and expectations. The gap tasks were also expected to generally involve applying 

lesson plans and work samples, so these indicators were merged. 

Given the COVID-19 pandemic, the following indicators will provide a minimum indicator of 

compliance: 

• A school staff member attending the introductory meeting in 2019 [measured via 

attendance records collected by the developer] [minimum: attended by a senior staff 

member] 

• A school staff member who teaches the Year 5 pupils attending the CPD days in 

2020/2021 [measured via attendance records collected by the developer and/or 

teacher surveys] [minimum: three of six live sessions or online videos/materials for 

missed sessions, by Year 5 teacher] 

• Overall use of Focus4TAPS lesson plans and work samples [measured via teacher 

surveys] [minimum: four assessment class lessons using Focus4TAPS]  

A single binary school-level ‘compliance’ indicator will be created from these four aspects 

(i.e. ‘met the minimum for each of the separate aspects’ or ‘not having met the minimum for 

each of the separate aspects’). 

The school-level ‘compliance’ indicator will then be predicted within a multi-level model using 

the pupil-level prior attainment measures, a school-level intervention status indicator 

(whether the school was assigned to the intervention group or to the control group), and the 

school-level randomisation stratification indicators (the school’s geographical region and 

school-average historical attainment); the multi-level model will also include a ‘random effect’ 

on the school-level via the ‘random intercept’ archetype. 

The ‘predicted values’ of the outcome (the compliance indicator) will be saved from this 

model, giving a ‘predicted compliance’ indicator (i.e. via the SPSS ‘PRED’ function within the 

MIXED command that is used to generate the multi-level models). 

The primary outcome analysis will then be reproduced, using this school-level ‘predicted 

compliance’ indicator instead of the school-level intervention status indicator (whether the 

school was assigned to the intervention group or to the control group). Essentially, a multi-

level model will predict the pupil-level primary outcome (test scores) using the pupil-level 

prior attainment measures, the ‘predicted compliance’ indicator, and the school-level 

randomisation stratification indicators (the school’s geographic region and school-average 

historical attainment); the multi-level model will also include a ‘random effect’ on the school-

level via the ‘random intercept’ archetype. 

The various model parameters and calculated effect sizes will be reported. Additionally, 

following established processes and standards from the Education Endowment Foundation 

(2018): the correlation between the school-level ‘compliance’ indicator and the school-level 

intervention status indicator (whether the school was assigned to the intervention group or to 

the control group) will be reported together with the statistical test of significance. 

Intra-cluster correlations (ICCs) 

Intra-cluster correlation coefficients (ICC or ρ) will be reported for the primary and secondary 

outcomes, at pre-test (where relevant) and post-test. 
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The intra-cluster correlation coefficients will be revealed through multi-level modelling using 

the ‘random intercept’ archetype. This considers pupils (i) nested within schools (j) and 

allows the variance of an outcome to be separated into school-level variance and pupil-level 

variance. The ‘random intercept’ archetype conceptually models a pupil-level outcome (Yij) to 

be the sum of an overall mean (γ0) (reflecting an overall ‘intercept’), a random effect on the 

school-level (Uj) (reflecting a ‘varying intercept’ for schools), and a random effect at the 

pupil-level (Rij) (reflecting any residual variation).4  

𝑌𝑖𝑗 = 𝛾0 + 𝑈𝑗 + 𝑅𝑖𝑗 

an outcome (for a pupil 𝑖 within a school 𝑗)

= the overall mean (across the sample of all pupils within their schools)

+ the school-level effect (for that pupil's school 𝑗)

+ the pupil-level effect (for that pupil 𝑖 within their school 𝑗) 

The overall variance of the outcome is conceptually modelled as the sum of the variance of 

the school-level effect (τ2) and the variance of the pupil-level effect (σ2).  

variance of the school-level effect = variance of  𝑈𝑗 = 𝜏2 

variance of the pupil-level effect =  variance of  𝑅𝑖𝑗 = 𝜎2 

overall variance = variance of the school-level effect + variance of the student-level effect 

variance of 𝑌𝑖𝑗 = variance of 𝑈𝑗 + variance of 𝑅𝑖𝑗 = 𝜏2 + 𝜎2 

These variances are often referred to as ‘unconditional’ variances (i.e. the variances are not 

‘conditional’ on anything else, because no other predictors are included within the model). 

The intra-cluster correlation coefficient follows from these (unconditional) variances, and 

reflects the school-level variance as a proportion of the overall variance. 

ICC = 𝜌 =
school-level variance

school-level variance + pupil-level variance
=

𝜏2

𝜏2 + 𝜎2
 

Effect size calculation   

Effect sizes will be calculated following established processes and standards (Education 

Endowment Foundation, 2018). These essentially reflect the difference between the 

intervention and control groups (as determined via multi-level modelling while accounting for 

any other modelled variables) in standard deviation units (Tymms, 2004, pp. 55-57). 

The effect size of the intervention programme (compared to the control condition) on a 

particular outcome is essentially calculated by dividing the unstandardized predictive 

coefficient of the ‘school-level intervention or control assignment’ variable (as determined 

from multi-level predictive models) by the standard deviation of outcome. 

effect size =  
the relevant unstandardized coefficient

the standard deviation of the outcome
 

 
4 The residual variance technically reflects anything other than the school-level effect, but is 
commonly interpreted to reflect pupil-level variance. The use of ‘effects’ is not intended to 
refer to ‘causality’. 
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The standard deviation of the outcome will be calculated via variances from an 

‘unconditional’ multi-level model (with no predictors), which reveals the school-level variance 

(τ2) and the pupil-level variance (σ2) for the outcome. It is possible to consider the standard 

deviation as determined from the pupil-level variance, the school-level variance, or the total 

(pupil-level and school-level) variance (Education Endowment Foundation, 2013; Hedges, 

2007; Tymms, 2004); for direct comparability against many other trials, the standard 

deviation will be calculated via the total (pupil-level and school-level) variance. 

the standard deviation of the outcome = √(𝜏𝑢𝑛𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙
2 + 𝜎𝑢𝑛𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙

2 )  

Statistical software provides a value of the relevant unstandardized coefficient, together with 

a lower-bound estimate of the coefficient and an upper-bound estimate of the coefficient (via 

a 95% confidence interval). These estimates will be used to calculate a lower-bound and 

upper-bound effect size. 
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Appendix A: Randomisation 

Randomisation setup 

Publicly-available information regarding the participating schools was sourced from the 

Department for Education. General information was sourced from ‘Edubase / Get information 

about schools’ (Department for Education, 2019), which provides information about the 

location and categorisation of schools (e.g. their establishment/funding category, their 

gender-admissions policy, etc.). Historical performance information from 2017/2018 (the 

latest information as of June 2019) was sourced from ‘Performance tables / Find and 

compare schools in England’ (Department for Education, 2018), which provides school-level 

information about the cohorts of pupil who undertook particular examinations (such as the 

number of pupils in that cohort, the gender proportion, the proportion of disadvantaged 

pupils (eligible for free school meals in the last six years), etc.) and their examination results 

(such as school-level average ‘scaled’ Key Stage 2 scores, percentages of pupils per school 

reaching the expected and/or higher Key Stage 2 standards, etc.).  

Stratified randomisation was selected (rather than simple randomisation) in order to enable 

intervention training to be delivered to appropriately sized groups of schools within particular 

regions, and to increase the likelihood of the intervention and control groups having 

balanced prior Key Stage 1 attainment. Strata were the ‘geographical region’ (of the 

intervention training delivery) and ‘school-level prior attainment’. The ‘school-level prior 

attainment’ was the ‘Key Stage 1 average point score’ [TKS1AVERAGE] for the cohort of 

pupils who undertook Key Stage 2 tests in 2017/2018, from the publicly available school-

level information; this indicator provides an average across reading, writing, and 

mathematics (Department for Education, 2018). This school-level prior attainment 

information was historical and did not refer to the pupils within the trial, and only provides an 

indication of average attainment for the particular schools in previous years. 

From a wider perspective, a randomisation approach can aim to increase the likelihood of 

balance across the assigned intervention and control groups, but cannot definitively entail 

that balance will follow; randomisation unavoidably involves random chance, and balance on 

one indicator may not entail balance on another indicator. 

Randomisation process 

The process applied school-level stratified randomisation: random allocation into the 

intervention group and the control groups was on a 1:1 basis within each geographic region 

within each prior attainment strata. Geographic regions were defined and assigned per 

school by the delivery team (Birmingham, Coventry, London, Plymouth, Reading, Somerset, 

or Swindon). Prior attainment strata were implemented as quartiles based on the school-

level ‘Key Stage 1 average point score’ (for the cohort who undertook Key Stage 2 tests in 

2017/2018) across the 141 participating schools. 

In order to enhance the likelihood of the intervention and control groups having balanced 

prior Key Stage 1 attainment, a threshold for re-randomisation was set at a standardised 

difference outside of the range -0.05 to 0.05 for the school-level ‘Key Stage 1 average point 

score’ across the provisional intervention and control groups. 

The randomisation process was initially simulated (1000 simulated implementations via 1000 

random-seeds). This affirmed that the operationalisation did not appear to inadvertently 

introduce a systematic bias; for example, the average of the standardised differences 

(across the many simulated intervention and control groups) for the school-level ‘Key Stage 
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1 average point score’ was zero, and these standardised differences appeared to be 

normally distributed. 

Randomisation was undertaken using statistical software (IBM SPSS Statistics version 25) 

using the code detailed below. One member of the evaluation team generated random 

seeds (random numbers between 1 and 5000000 as generated from 

https://www.random.org) and another member of the evaluation team then ran the 

randomisation commands. 

Randomisation code 

The randomisation code operates on a school-level dataset including region indicators 

(Focus4TAPS_REGION_numeric; 1 = Birmingham, 2 = Coventry, 3 = London, 4 = Plymouth, 

5 = Reading, 6 = Somerset, 7 = Swindon), as provided by the delivery team, and school-

level prior attainment ‘Key Stage 1 average point score’ (KS2_20172018_TKS1AVERAGE; a 

linear scale). 

RANK VARIABLES = KS2_20172018_TKS1AVERAGE (A) 

/NTILES(4) INTO NTILES4_KS2_20172018_TKS1AVERAGE 

/PRINT=YES 

/TIES=MEAN. 

COMPUTE RANDOMISATION_STRATA_block = 

NTILES4_KS2_20172018_TKS1AVERAGE. 

EXECUTE. 

SHOW RNG. 

SET RNG=MT. 

SHOW RNG. 

SET MTINDEX = 740960. 

COMPUTE RANDOMISATION_RANDOM_number = 

RV.UNIFORM(0,1). 

EXECUTE. 

SORT CASES BY 

RANDOMISATION_STRATA_block(A) 

Focus4TAPS_REGION_numeric(A) 

RANDOMISATION_RANDOM_number(A). 

COMPUTE RANDOMISATION_RANDOM_sort_by_strata_then_region = 

$CASENUM. 

EXECUTE. 

COMPUTE Focus4TAPS_INTERVENTION_STATUS = 

https://www.random.org/
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MOD(RANDOMISATION_RANDOM_sort_by_strata_then_region, 2). 

EXECUTE. 

VALUE LABELS 

Focus4TAPS_INTERVENTION_STATUS 

1 'Intervention' 

0 'Control'. 

The randomisation code sets the SPSS random number generator to ‘Mersenne Twister’ (if it 

is not already set), which is recommended over the legacy ‘Multiplicative Congruential’ 

generator, then sets the random seed to a particular value to allow reproduction, and then 

uses that seed to generate a random number (from 0 to 1) for each school. (Note that for 

reliable reproduction, the seed must be set immediately before generating the random 

numbers as in the above code.) 

The code then sorts the cases (schools) by their strata block (the historical school-level level 

‘Key Stage 1 average point score’ quartile), then by their region (Birmingham, Coventry, 

London, Plymouth, Reading, Somerset, or Swindon), and then by their random number (i.e. 

by random numbers within regions within quartiles). 

Given this ordering of cases, a ‘case number’ indicator and the modulus function is used to 

assign odd-numbered cases to the intervention group and even-numbered cases to the 

control group (i.e. so that the first school in this ordering of cases is assigned to the 

intervention group, the second is assigned to the control group, the third is assigned to the 

intervention group, etc.). (The modulus function returns the remainder after dividing by the 

specified number, in this case the number ‘2’; odd numbers therefore return ‘1’ and even 

numbers return ‘0’). 

The following code determines the magnitude of the standardised difference (akin to 

‘Cohen’s D’) across the intervention and control groups, calculated as per established 

guidance using pooled standard deviations (Education Endowment Foundation, 2018), for 

the school-level ‘Key Stage 1 average point score’ indicator. 

DATASET DECLARE OMS_DATA. 

OMS 

/SELECT TABLES 

/IF COMMANDS=['T-Test'] SUBTYPES=['Group Statistics'] 

/DESTINATION FORMAT=SAV NUMBERED=TableNumber_ 

OUTFILE='OMS_DATA' VIEWER=NO. 

T-TEST GROUPS=Focus4TAPS_INTERVENTION_STATUS(0 1) 

/MISSING=ANALYSIS 

/VARIABLES= KS2_20172018_TKS1AVERAGE 

/CRITERIA=CI(.95). 

OMSEND. 
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DATASET ACTIVATE OMS_DATA. 

SORT CASES BY 

TableNumber_ 

Command_ 

Subtype_ 

Label_ 

Var1 

Var2. 

CASESTOVARS 

/ID=TableNumber_ Command_ Subtype_ Label_ Var1 

/INDEX=Var2 

/GROUPBY=INDEX 

/VIND ROOT=ind. 

COMPUTE Cohens_D = ( (Mean.Intervention - Mean.Control) / 

SQRT( ( ( ( N.Control - 1)*( Std.Deviation.Control * 

Std.Deviation.Control) ) + ( ( N.Intervention - 1)*( 

Std.Deviation.Intervention * Std.Deviation.Intervention ) ) ) 

/ ( N.Control + N.Intervention - 2) ) ). 

EXECUTE. 

Randomisation outcome 

The first random seed (2339647) entailed a standardised difference across the expected 

intervention and control groups of 0.124 for the historical school-level prior attainment 

indicator (‘Key Stage 1 average point score’). This was outside the range of -0.05 to 0.05, 

therefore re-randomisation was applied. 

The second random seed (740960) entailed a standardised difference across the expected 

intervention and control groups of -0.035 for the historical school-level prior attainment 

indicator (‘Key Stage 1 average point score’). This was within the range of -0.05 to 0.05, and 

therefore this outcome was used as the final assignments. 

The randomisation produced the following final assignments per region and overall. 

Region Control schools 
Intervention 

schools 
Total schools 

Birmingham 13 13 26 

Coventry 8 8 16 

London 12 11 23 

Plymouth 11 12 23 

Reading 8 8 16 
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Region Control schools 
Intervention 

schools 
Total schools 

Somerset 10 12 22 

Swindon 8 7 15 

Total schools 70 71 141 

 

Subsequently, during the process of arranging the initial training for schools (June/July 

2019), the delivery team changed the regions for three intervention schools (following 

requests from schools in order to facilitate schools being able to reach accessible training 

locations). 

The numbers of schools per region and overall were then as follows. 

Region Control schools 
Intervention 

schools 
Total schools 

Birmingham 13 12 25 

Coventry 8 9 17 

London 12 11 23 

Plymouth 11 12 23 

Reading 8 10 18 

Somerset 10 12 22 

Swindon 8 5 13 

Total schools 70 71 141 

 

The numbers of schools then changed due to the COVID-19 disruption. Full details will be 

conveyed through the final reporting.  
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School recruitment and engagement summary 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Enrolment 
Approached: 

more than 1800 
schools 

Expressions of 
interest received: 

324 schools 

Memorandum of 
Understanding sent: 

228 schools 

Memorandum of 
Understanding 
received: 147 

schools 

Randomised: 
141 schools 

Withdrawn: 
6 schools 

Allocation Allocated: 
71 schools 

Allocated: 
70 schools 

Intervention Control 

Follow-up 
Withdrawn, lost, 

discontinued: 
To be determined 

Withdrawn, lost, 
discontinued: 

To be determined 

Analysis Analysed: 
To be determined 

Analysed: 
To be determined 
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Appendix B: Multi-level modelling 

Concepts within multi-level modelling 

The statistical analysis will follow established processes and standards from the Education 

Endowment Foundation (2018), including ‘intention to treat’ and using linear multi-level 

predictive models with pupils clustered within schools (Snijders & Bosker, 2012). Multi-level 

predictive models are alternately referred to as hierarchical models (referring to the 

hierarchical structure of pupils nested within schools) or mixed models (referring to the 

models involving a mixture of ‘fixed’ and ‘random’ effects) (Snijders & Bosker, 2012). The 

multi-level models will use two levels to account for the hierarchical nature of the data (pupils 

within schools), and follow the ‘random intercept’ archetype (Snijders & Bosker, 2012). 

The ‘random intercept’ archetype of multi-level modelling considers pupils (i) nested within 

schools (j). It allows the variance of an outcome to be separated into school-level variance 

and pupil-level variance, through conceptually modelling a pupil-level outcome (Yij) to be the 

sum of an overall mean (γ0) (reflecting an overall ‘intercept’), a random effect on the school-

level (Uj) (reflecting a ‘varying intercept’ for schools), and a random effect at the pupil-level 

(Rij) (reflecting any residual variation).5  

𝑌𝑖𝑗 = 𝛾0 + 𝑈𝑗 + 𝑅𝑖𝑗 

an outcome (for a pupil 𝑖 within a school 𝑗)

= the overall mean (across the sample of all pupils within their schools)

+ the school-level effect (for that pupil's school 𝑗)

+ the pupil-level effect (for that pupil 𝑖 within their school 𝑗) 

The school-level and pupil-level effects are modelled as ‘random variables’, each assumed 

to have a mean of zero, to be mutually independent, and with particular variances (that are 

determined from the data that is being considered by the model). The overall variance of the 

outcome is conceptually modelled as the sum of the variance of the school-level effect (τ2) 

and the variance of the pupil-level effect (σ2). These variances are often referred to as 

‘unconditional’ variances (i.e. the variances are not ‘conditional’ on anything else, because 

no other predictors are included within the model). 

variance of 𝑌𝑖𝑗 = variance of 𝑈𝑗 + variance of 𝑅𝑖𝑗 = 𝜏2 + 𝜎2 

The intra-cluster correlation coefficient (ICC or ρ) follows from these variances, and reflects 

the school-level variance as a proportion of the overall variance. 

ICC = 𝜌 =
school-level variance

school-level variance + pupil-level variance
=

𝜏2

𝜏2 + 𝜎2
 

In order to gain greater insight, numerous pupil-level variables (a, b, etc.) and school-level 

variables (m, n, etc.) can be used in order to predict the pupil-level outcome. 

𝑌𝑖𝑗 = 𝛾0 + 𝛾1𝑎𝑖𝑗 + 𝛾2𝑏𝑖𝑗 + ⋯ + 𝛾3𝑚𝑗 + 𝛾4𝑛𝑗 + ⋯ + 𝑈𝑗 + 𝑅𝑖𝑗 

The calculated variances on the school-level and/or the pupil-level may then reduce (i.e. 

these predictors may ‘explain’ some of the initially-observed variance). Any variances 

 
5 The residual variance technically reflects anything other than the school-level effect, but is 
commonly interpreted to reflect pupil-level variance. The use of ‘effects’ is not intended to 
refer to ‘causality’. 
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following from such a model are now referred to as ‘conditional’ variances (i.e. the 

magnitude of the calculated variances are now ‘conditional’ or dependant on the other 

predictors that are included within the model). 

Statistical software typically provides values for the unstandardized predictive coefficients 

(γ1, γ2, γ3, etc., together with the overall ‘intercept’ coefficient γ0), the school-level variance 

(τ2), and the residual variance (σ2 which is inferred to reflect the pupil-level), together with 

numerous other information (such as standard errors, p-values, confidence intervals, etc.). 

Methods for multi-level modelling within the evaluation  

The multi-level models will essentially predict the different pupil-level post-test outcomes 

using prior-attainment, a school-level intervention status indicator (whether the school was 

assigned to the intervention group or to the control group), and the school-level 

randomisation stratification indicators (the school’s geographical region and school-average 

historical attainment); these multi-level models will also include a ‘random effect’ on the 

school-level via the ‘random intercept’ archetype. 

The analysis will use IBM SPSS 25. The multi-level modelling will typically use the following 

command, illustrated using simple placeholders for variable names. 

MIXED outcome_variable 

WITH 

prior_attainment_variable_1 

prior_attainment_variable_2 

intervention_assignment_variable 

stratification_region_variable 

stratification_attainment_variable 

/FIXED=INTERCEPT 

prior_attainment_variable_1 

prior_attainment_variable_2 

intervention_assignment_variable 

stratification_region_variable 

stratification_attainment_variable 

/PRINT G SOLUTION TESTCOV 

/METHOD=ML 

/RANDOM=INTERCEPT | SUBJECT(school_identifier_variable) 

COVTYPE(ID). 

Equivalent reproduction in STATA would involve the following command. 

mixed outcome_variable /// 

prior_attainment_variable_1 /// 
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prior_attainment_variable_2 /// 

intervention_assignment_variable /// 

stratification_region_variable /// 

stratification_attainment_variable /// 

|| school_identifier_variable:, mle variance 

covariance(identity) 

The multi-level model can be conveyed through the following equation. 

outcome_variable𝑖𝑗

= 𝛾0 + 𝛾1prior_attainment_variable_1 𝑖𝑗 + 𝛾2prior_attainment_variable_2𝑖𝑗

+ 𝛾3intervention_assignment_variable 𝑗 + 𝛾4stratification_region_variable𝑗

+ +𝛾5stratification_attainment_variable𝑗 + 𝑈𝑗 + 𝑅𝑖𝑗 

Essentially, the multi-level model, with pupils (i) nested within schools (j), reflects that the 

outcome is the sum of an overall mean (γ0) (reflecting an overall ‘intercept’), the various 

effects of the predictors, and a random effect on the school-level (Uj) (reflecting a ‘varying 

intercept’ for schools), and a random effect at the pupil-level (Rij) (reflecting any residual 

variation).The school-level (Uj) and pupil-level (Rij) residuals are modelled as ‘random 

variables’ (each assumed to have a mean of zero, to be mutually independent, and with 

particular variances that are determined from the data that is being considered by the 

model). 

Any reproduction and/or replication across different software would need to ensure 

consistent approaches. For example, the above commands both specify maximum likelihood 

(ML) estimation; otherwise, SPSS applies restricted maximum likelihood estimation (REML) 

by default while STATA applies maximum likelihood estimation (ML). 

Categorical variables (such as the stratification ‘geographical region’ indicator) will be 

modelled through determining one category to the ‘reference category’ and including the 

other categories (as binary variables) as predictors. For example, if ‘category one’ is 

determined to be the reference category, the modelling would then include indicator 

variables reflecting ‘category two’ (yes or no), ‘category three’ (yes or no), ‘category four’ 

(yes or no), and so on. The resulting coefficient for those predictors then reflect ‘category 

two’ as compared to category one, ‘category three’ as compared to category one, ‘category 

four’ as compared to category one, and so on. 

Depending on the extent of available information, some categories may need to be 

combined and/or a ‘missing information’ category may be included (and/or approaches for 

producing estimates of any missing information will be explored). The final reporting will 

detail the particular categories that are used within the modelling, whether any other 

indicators/information are ‘transformed’ or not, and will detail the approach to handling or 

estimating missing information. 
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Appendix C: Measuring the secondary outcomes 

The secondary outcomes will be formed through aggregating multiple questionnaire items into 

specific indicators (which may be variously referred to as ‘indicators’, ‘scales’, and/or as 

‘factors’). 

Factor analysis will be applied, and indicators of reliability (Cronbach’s alpha coefficients) will 

be considered, in order to affirm that the relevant questionnaire items can indeed be 

aggregated together. These processes will be summarised within the final reporting (and any 

issues will be highlighted, for example in the unlikely event that a factor cannot be reliably 

formed/considered). 

The questionnaire items are measured with response categories of ‘Disagree a lot’ (scored as 

1), ‘Disagree a little’ (2), ‘Agree a little’ (3), and ‘Agree a lot’ (4). Each outcome will be 

operationalised as the simple average of the relevant questionnaire items. The scoring of 

responses for any negatively-orientated items (such as ‘Science is boring’) will be reversed 

for consistency within this process. 

This process of calculating average scores assumes that pupils will respond against most if 

not all items, and that any item-level non-response is random. Operationally, the process (by 

default) will create an average across the available responses. For example, if a pupil answers 

against 7 of 9 items within a factor, then the average would be formed across the 7 responses. 

The extent of item-level missing data/responses will be considered within the final data, and 

this approach would be updated and documented accordingly if any changes are applied (such 

as only calculating an average if a minimum number of items have been answered per factor). 

Additionally, the analysis of the secondary outcomes may be illustrated and/or supported by 

various simple statistics (e.g. changes in frequencies per response-category). 

Interest and enjoyment in science 

Pupils’ interest and enjoyment in science is measured across multiple questionnaire items 

(e.g. ‘I enjoy learning science’) from the ‘Students Like Learning Science Scale’ from the 

Trends in International Mathematics and Science Study 2015 for Grade 4 (Year 5) pupils 

(Martin, Mullis, & Hooper, 2016). 

The following items are theorised to form one single scale/indicator. 

• I enjoy learning science 

• I wish I did not have to study science 

• Science is boring 

• I learn many interesting things in science 

• I like science 

• I look forward to learning science in school 

• Science teaches me how things in the world work 

• I like to do science experiments 

• Science is one of my favourite subjects 

Confidence in science 

Pupils’ confidence in science is measured across multiple questionnaire items (e.g. ‘I usually 

do well in science’) following from the ‘Students Confident in Science Scale’ from the Trends 

in International Mathematics and Science Study 2015 for Grade 4 (Year 5) pupils (Martin, 

Mullis, & Hooper, 2016). 
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The following items are theorised to form one single scale/indicator. 

• I usually do well in science 

• Science is harder for me than for many of my classmates 

• I am just not good at science 

• I learn things quickly in science 

• My teacher tells me I am good at science 

• Science is harder for me than any other subject 

• Science makes me confused 

Perceptions of science teachers and practices 

Pupils’ perceptions of their science teacher and their practices is measured across multiple 

questionnaire items (e.g. ‘My science teacher is easy to understand’) following from the 

‘Students’ Views on Engaging Teaching in Science Lessons Scale’ from the Trends in 

International Mathematics and Science Study for Grade 4 (Year 5) pupils (Martin, Mullis, & 

Hooper, 2016). The actual questionnaire items are slightly adapted from the Trends in 

International Mathematics and Science Study items in order to have a clearer focus on science 

and hence to avoid ambiguity (e.g. ‘I know what my teacher expects me to do’ has been refined 

into ‘I know what my teacher expects me to do in science’, ‘My teacher is easy to understand’ 

has been refined into ‘My teacher is easy to understand when teaching science’, etc.). 

The following items are theorised to form one single scale/indicator. 

• I know what my teacher expects me to do in science 

• My teacher is easy to understand when teaching science 

• I am interested in what my teacher says about science 

• My teacher gives me interesting things to do in science 

• My teacher has clear answers to my questions about science 

• My teacher is good at explaining science 

• My teacher lets me show what I have learned in science 

• My teacher does a variety of things to help us learn science 

• My teacher tells me how to do better when I make a mistake in science 

• My teacher listens to what I have to say about science 

Further questionnaire items will cover pupils’ perceptions of their science teacher and their 

practices following from aspects of the TAPS model (e.g. ‘My teacher plans and discusses 

science lessons with us’).  

• My teacher plans and discusses science lessons with us  

• I check my own work to find out what I have learned in science 

• Students check each other’s work to find out what we have learned in science 

• My teacher explains how science is relevant to everyday life 

These items will be considered as separate indicators for additional insight, and so that the 

main scale/indicator remains directly comparable with TIMSS (and any other studies that use 

those questionnaire items). Additionally, if factor analysis reveals that all of the 14 items can 

be aggregated (the 10 items from the theorised TIMSS scale and the 4 additional items), then 

a further aggregated measure will also be considered. 
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Self-regulation of learning 

Pupils’ self-regulation within their learning is measured across multiple questionnaire items 

(e.g. ‘I reappraise my experiences in science so I can learn from them’) following from the 

reflection scale of the ‘Self-Regulation of Learning Self-Report Scale’ (Toering, Elferink-

Gemser, Jonker, van Heuvelen, & Visscher, 2012). 

The following items are theorised to form one single scale/indicator. 

• I reappraise my experiences in science so I can learn from them 

• I try to think about my strengths and weaknesses in science 

• I think about my actions in science to see whether I can improve them 

• I think about my past experiences in science to understand new ideas 

• I try to think about how I can do things better next time in science 

Self-efficacy for Working Scientifically 

Pupil’s self-efficacy related to Working Scientifically is measured across multiple questionnaire 

items (e.g. ‘I can plan different science investigations’) following from the Year 5 National 

Curriculum (Department for Education, 2014). 

The following items are theorised to form one single scale/indicator, but may be considered 

as separate indicators for specific and/or additional insight. 

• I can plan different science investigations 

• I can take measurements using different equipment 

• I can record and present results in tables, charts, and graphs 

• I can use results to make predictions for more science investigations 

• I can write or present explanations of results 

• I can understand scientific evidence and arguments 

Pupils are also asked ‘I like to do science investigations’ and ‘I would like to do more science 

investigations’ as additional indicators, which may be considered as separate indicators for 

specific and/or additional insight. 

Wider views about Working Scientifically 

Pupil’s wider views concerning Working Scientifically are measured across multiple 

questionnaire items (e.g. ‘Doing a science investigation is a good way to find out if something 

is true’) following from the measurement of epistemic beliefs about science from the 

Programme for International Student Assessment 2015 (OECD, 2017). 

The following items are theorised to form one single scale/indicator. 

• Doing a science investigation is a good way to find out if something is true 

• Ideas in science sometimes change 

• Good answers are based on evidence from many different investigations 

• It is good to try an investigation more than once to make sure of your findings 

• Sometimes scientists change their minds about what is true in science 

• The ideas in science books sometimes change 

Wider views concerning science 

Pupils’ wider views concerning science are measured by further items (e.g. ‘It is important to 

do well in science’) following from the Trends in International Mathematics and Science Study 

(Martin, Mullis, & Hooper, 2016), supplemented by further indicators (e.g. ‘Science can help 
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people make things’) from the Wellcome Trust (Leonardi, Lamb, Howe, & Choudhoury, 2017), 

and supplemented by newly devised items (e.g. ‘Anyone can do science and be a scientist’). 

The assignment/aggregation of any of these items into a wider scale(s) will need to be 

informed by the data. 

 


