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This analysis plan was written post-randomisation and prior to receipt of any outcome data, and deals 

only with the statistical analysis of efficacy. 

 

Protocol and SAP changes  

Any changes made to the protocol which impact on the SAP, and any changes made to the SAP after 

its initial publication, will be specified here.  There are no such changes to note to date. 

 

Changes from current version of the protocol included in this SAP 

 Details of a post-hoc power calculation have been included based on the number of schools 
and classes, and the average class size, actually recruited into the trial. 

 In the protocol, we state that within analysis models adjustment will be made for clustering 
within classes nested within schools using robust standard errors; however, since the EEF 
guidance on analysis recommends the use of hierarchical (aka mixed) models, we have 
amended the proposed analysis model to a mixed model with adjustment for clustering using 
random effects.     

 Additionally, on advice from the statistical reviewer of this SAP, we have amended the 
analysis approach from using three separate regression models to compare each pair of trial 
arms, to using a single model for each outcome with dummy variables for the intervention 
groups and the control group as the reference category. 
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Introduction 

This project will test the impact of a game-based approach to whole-class teaching, developed by 

researchers at the University of Bristol and Manchester Metropolitan University (MMU), which uses 

uncertain rewards for correct answers. Questions, posed using an online platform, will be integrated 

with class teaching in Year 8 science lessons, and students will work in teams to answer these. The 

study will explore three approaches to learning content: game-based (questions with uncertain 

rewards, where points are awarded for correct answers but teams can choose whether to keep their 

points or to risk doubling or losing them based on the chance spin of a wheel); test-based (questions 

with fixed rewards, i.e. a pre-determined number of points for being correct); and conventional 

teaching (teacher’s usual practice). Although the points are not linked to any material reward, the 

project team hypothesises that the state of heightened excitement over whether or not pupils will gain 

or lose points in the “uncertain rewards” condition will lead to neuro-physiological changes that will 

increase their receptivity to learning. 

The trial is designed to establish: 

• the impact of the game-based teaching versus conventional teaching on academic 

achievement in science; 

• the impact of the test-based teaching versus conventional teaching on academic achievement 

in science; and 
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• the impact of the game-based teaching versus test-based teaching on academic achievement 

in science. 

 

Study design 

This is a school-based, three-armed cluster randomised controlled trial, with randomisation at the 

level of classes within Year 8 cohorts in participating schools, funded as part of joint initiative between 

the EEF and the Wellcome Trust.  Secondary schools were drawn from a range of contexts, were 

mainly located around Manchester and Bristol, including some Welsh schools, and had to be at least 

3-form, and ideally 6-form, entry.  Schools had to put forward at least three Year 8 classes to take part 

in the evaluation, and the whole class was eligible to participate.   

Classes within schools were randomly allocated to one of three conditions: to receive game-based 

teaching, to test-based teaching, or to have business as usual. All three conditions are being run 

within each school.  Full details of the background and trial design can be found within the trial 

protocol. 

The RCT began in September 2016.  Pupils sat a pre-test at the start of the academic year 2016/17 

prior to randomisation, and will sit the post-test in June/July 2017. 

 

Randomisation 

A memorandum of understanding (MOU) was signed by each participating school, which outlined the 

responsibilities of each main party (project team, evaluator and school). Before randomisation, 

schools had to have signed and returned the MOU to the project team (with a copy provided to the 

evaluators), agreed how many Year 8 classes would be involved in the trial, and supplied a class list 

for each class which included the name, date of birth and Unique Pupil Number of all pupils, along 

with the teacher name and details on streaming (i.e. whether classes are set by ability).  Schools 

administered an opt-out consent process for pupil data collection by delivering letters to parents and 

registering any responses during a one-week period prior to randomisation.  All pupils in the 

participating classes will be included in the evaluation provided opt-out consent was not received for 

them.  

After baseline data was provided, classes within schools were randomised 1:1:1 using block 

randomisation with a block size of 3 to ensure balance as far as possible of the three allocations 

within each school.  The classes within schools were randomised in one batch and the schools 

informed of the allocation of the classes to ensure allocation concealment.  The allocation sequence 

was generated by the trial statistician, Caroline Fairhurst, at the York Trials Unit (YTU) who was not 

involved in the recruitment of schools. 

 

Calculation of sample size 

From protocol 

The sample size calculation makes the following assumptions: average of 25 students per class, 

average of 6 classes per school, intraclass correlation coefficient (ICC) of 0.125 and a pre-post 

correlation of 0.7.  To detect an effect size of 0.1 of a standard deviation, with 80% power, requires a 

sample of  4713 pupils in an individually randomised trial (calculation conducted using the dedicated 

sample size program PS Power).  This figure is then multiplied by the design effect 1+(25-1)*0.125 to 

account for the clustered trial design, and then by (1-0.7
2
) to take advantage of the fact that we shall 

adjust for a pretest measure in the analysis to obtain the required sample size for the trial.  We 

therefore require a sample of 9615 pupils (385 classes; 64 schools). 
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At 0.1, the MDES is much lower than would be typical, but this takes into account that there will be 

three comparisons: Business as usual (BAU) vs Test-based teaching; BAU vs game-based teaching; 

and test-based teaching vs game-based teaching. It is hypothesised that the difference between 

interventions A and B (game vs test-based teaching) could be much smaller than between each 

intervention and the control, which is why a lower MDES has been put into the power calculation. 

 

This calculation assumes the entire Year 8 cohort will be involved in the study at all participating 

schools; however, schools were allowed to involve a part-cohort, but a minimum of three classes and 

three teachers must be involved. With 64 schools, and an average of 4 classes per school, we would 

still have 80% power to detect an effect size of 0.12, and of 0.15 with an average of 3 classes per 

school. 

 

At randomisation 

The final number of classes randomised into the trial was 197 (Control 65; Test: 67 and Game-based 

65), from 44 schools. 

 

Pre-tests were undertaken by 4635 children (average 23 per class).  With this number, assuming an 

ICC of 0.125 and a pre-post correlation of 0.7, we will have 80% power to detect an effect size of 0.14 

between any two of the arms. 

 

Outcome measures 

Primary outcome 

The primary outcome measure is the PTS13 version of the Progress Test in Science (published by 

GL Assessment).  This will be sat at the end of the academic year 2016/17.  The version for 

administration at the start of KS3 (GL advise this should normally be used in the first two months of 

Year 7 as it is based on the primary science curriculum) will be the primary pretest measure (PTS11).   

 

The GL Progress Tests in Science are administered on paper.  Both the pre and post-tests will be 

sent to GL to be marked.  The scores will be made available for the evaluation team to download from 

the GL website.  Both raw and standardised test scores will be available for each pupil.  Raw scores 

range from 0 to 60, and standardised scores range from 69 to 141; a higher score indicates a greater 

aptitude.  We shall use raw scores in our analysis. 

 

In addition, we will request data from the National Pupil Database (NPD) for all pupils involved in the 

evaluation.  In particular, we will use KS2 test scores (from the academic year 2014/15) for the pupils 

(see Table 1) as additional measures of prior attainment.  KS2 results may account for absentees and 

also be useful to calculate the correlation between KS2 results and the GL pre and post-test to inform 

future trials. KS2 results will not be available for pupils from Welsh schools.  Note, that the particular 

scoring system used in the academic year 2014/15 ceased being used after the 2015/16 academic 

year. 

 

Other NPD variables we will use include gender and free school meal status, which will be used in 

subgroup analyses but not in the primary analysis (Table 1).   
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Table 1. NPD fields, according to NPD_Data_Tables_Oct16.xls (accessed from https://www.gov.uk/government/publications/national-pupil-database-user-guide-and-

supporting-information on 19th January 2017) 

NPD Alias NPD Field Reference Description Values NPD data table Use in analysis 

KS2_KS2READFG KS2READFG KS2 reading point 
score (using fine 
grading)  

3.00 - 39.00 KS2_95-96_to_15-16 Measure of prior 
attainment 

KS2_KS2MATFG KS2MATFG KS2 maths point 
score (using fine 
grading) 

3.00 - 39.00 KS2_95-96_to_15-16 Measure of prior 
attainment 

KS2_KS2WRITTAFG KS2WRITTAFG KS2 writing TA point 
score (using fine 
grading)  

3.00 - 39.00 KS2_95-96_to_15-16 Measure of prior 
attainment 

KS2_KS2APSFG KS2APSFG KS2 average point 
score (using fine 
grading) with 
teacher assessment 
(TA) adjustment 

3.00 - 39.00 KS2_95-96_to_15-16 Measure of prior 
attainment 

EVERFSM_ALL_[term][yy] EVERFSM_ALL Flag to indicate if 
pupil has ever been 
recorded as eligible 
for free school meals 
on Census day in 
any Spring Census 
up to the pupil's 
current year (not 
including nursery) 

1 = True 
0 = False 

PLASC_Census_01-02_to_15-
16_SUM 

Covariate in 
subgroup analysis 

Gender_[term][yy] Gender Gender M = Male 
F = Female 

PLASC_Census_01-02_to_15-
16_SUM 

Covariate in 
subgroup analysis 

 

https://www.gov.uk/government/publications/national-pupil-database-user-guide-and-supporting-information
https://www.gov.uk/government/publications/national-pupil-database-user-guide-and-supporting-information
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Secondary outcomes 

There are no secondary outcomes in this trial. 

 

Pilot phase 

In the development phase of the evaluation, a pilot study was conducted to help determine the details 

for the full RCT.  Three classes within 12 schools, located near Bristol or Manchester for the 

convenience of the development team, were recruited to the pilot study, and 6 schools were involved 

in testing conducted by YTU.  Classes within schools were allocated by the project team to follow 

either game-based, test-based, or control conditions.  Allocation was based on pragmatic criteria of 

subject and modules taught during the first term of the intervention, and so randomisation was not 

employed.      

The PTS11 Progress Test in Science was administered to the 6 pilot schools for use as a measure of 

prior attainment.  The primary outcome, the PTS13 Progress Test in Science (published by GL 

Assessment), was administered to the same 6 pilot schools at the end of the intervention period.  KS2 

SATs results were also obtained for these pupils for use as an additional pretest measure. 

ANALYSIS OF PILOT DATA 

The characteristics of the schools and pupils (including pre- and post GL test scores and KS2 results, 
%FSM, %EAL, %SEN, school type (e.g., Academy), Ofsted rating, school setting (e.g., Urban)) will be 
summarised according to the condition they were allocated to, including the amount of missing data.  
The correlation between the GL pre-test and the GL post-test, and between the KS2 SATs and the GL 
post-test, will be calculated using Pearson’s correlation coefficient.  
 

 

Analysis of main RCT 

The statistical analysis proposed follows the most recent EEF guidance 

(https://educationendowmentfoundation.org.uk/public/files/Evaluation/Writing_a_Protocol/Analysis_for

_EEF_evaluations_REVISED_Dec_2015.pdf, accessed 27/02/2017).  Analysis will be conducted in 

Stata v13 (or later, to be confirmed in the final report) using the principles of intention to treat, where 

data are available, including all pupils and classes in the groups to which they were randomised 

irrespective of whether or not they actually received the intervention.  All children that were included in 

the evaluation at the start of the trial will sit the post-test (where possible) even if they have moved to 

a different class. It will not be possible to track pupils who leave the school, whether to a non-

participating school or another school taking part in the evaluation.  Statistical significance will be 

assessed using two-sided tests at the 5%. Estimates of effect with 95% confidence intervals (CIs) and 

p-values will be provided. 

The trial has been designed and conducted, and will be reported to, CONSORT standards (Schulz et 

al, 2010; Campbell et al, 2012) in order to minimise all potential threats to internal validity, such as 

selection bias and a range of post randomisation biases (Cook and Campbell, 1979; Shadish, Cook 

and Campbell, 2002; Torgerson and Torgerson, 2008). In this way, unbiased estimates of the impact 

of the intervention will be provided. A CONSORT diagram will be produced to show the flow of 

classes and pupils through the trial.  The number of schools approached to take part in the trial, 

participating, and that withdraw from the trial will be reported, as will the number of classes that 

withdraw from the intervention. The number of children participating will be presented, with the 

numbers for whom opt-out consent was received. 

 

 

https://educationendowmentfoundation.org.uk/public/files/Evaluation/Writing_a_Protocol/Analysis_for_EEF_evaluations_REVISED_Dec_2015.pdf
https://educationendowmentfoundation.org.uk/public/files/Evaluation/Writing_a_Protocol/Analysis_for_EEF_evaluations_REVISED_Dec_2015.pdf
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Primary intention-to-treat (ITT) analysis 

Outcome scores will be summarised by randomised group. The intra-cluster correlation coefficient 

(ICC) associated with class and school for the primary outcome will be presented alongside a 95% CI. 

The correlation between the GL pre-test and post-test results will be calculated using Pearson’s 

correlation coefficient.  A single mixed-effect linear regression model at the pupil level will be used to 

analyse the primary outcome (Progress in Science post-test score), with dummy variables for the two 

intervention groups and the control group as the reference category. The model will be adjusted for 

prior attainment (GL Progress Test in Science pre-test score) as a fixed effect. Adjustment for 

clustering within classes nested within schools will be made using random effects.  Robust standard 

errors will be specified to account for any potential heteroscedasticity.  This will not change the 

coefficient estimates, but the standard errors and significance tests will be less biased (Angrist and 

Pischke, 2009).  

No NPD data will be used in the primary analysis. 

Model equation: 

                                          

Yijk = response of the k-th member of class j in school i 

xijk = GL Progress Test in Science pre-test score for k-th member of class j in school i 

IA1j = 0/1 indicator variable for test-based teaching group allocation of class j 

IA2j = 0/1 indicator variable for game-based teaching group allocation of class j 

β0, β1, β2, β3 = fixed effect parameters 

ui = random effect of i-th school  

uij = random effect of j-th class in i-th school  

εijk = residual error term for k-th member of class j in school i 

 

Interim analyses 

No interim analyses will be undertaken. 

 

Imbalance at baseline for analysed groups 

School and pupil characteristics and measures of prior attainment (GL pre-test and KS2 measures 

where available) will be summarised descriptively by randomised group both as randomised and as 

analysed in the primary analysis.  No formal statistical comparisons will be undertaken (Senn, 1994).  

Continuous measures will be reported as a mean, standard deviation (SD), median, minimum and 

maximum, while categorical data will be reported as a count and percentage.  

Missing data  

The amount of missing baseline and outcome data will be summarised, and reasons for missing data 

explored and provided in the report, where available.  The impact of missing data on the primary 

analyses will additionally be assessed using multiple imputation by chained equations, where greater 

than 5% of pupils are missing from the primary analysis model due to missing outcome and/or 

covariate data.  Covariate and outcome data will be predicted by a model that includes all variables 

included in the primary analysis model (including the outcome) plus gender, free-school meal status, 

and KS2 results. 
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A ‘burn–in’ of 10 will be used (meaning that that the first 9 iterations will be discarded to allow the 

iterations to converge to the stationary distribution before the imputation) and 20 imputed datasets will 

be created.  The primary analysis will then be rerun within the imputed datasets and Rubin's rules will 

be used to combine the multiply imputed estimates. 

 

Non-compliance with intervention 

The test and game-based intervention should ideally be delivered with the aid of an online platform 

which generates the questions and tracks when questions are asked and answered, as well as 

keeping scores.  The tracking data on teacher’s usage of the online platform will be examined and, if 

possible, used as a measure of dosage for each class. This may not be possible depending on the 

number of teachers using non-technological methods for test/games-based lessons and how difficult it 

is to identify which class is being taught - teachers should enter the class name and date as the 

session identifier but this may not be adhered to.  The data available from the online platform will be 

summarised where available.    

At the end of the intervention, each participating teacher will be asked to complete a survey asking 

about their experience of the trial.  As part of this they will be asked to rate how compliant they were 

with delivering their allocated intervention.  Responses from this will be used to rate the compliance 

as satisfactory or unsatisfactory.  The effect of non-compliance will be explored using Complier 

Average Causal Effect (CACE) analysis, using an instrumental variable (IV) approach (Dunn, 2005).   

 

Secondary outcome analyses 

There are no secondary outcomes in this trial. 

 

Additional analyses 

Undertaking external assessments, such as the GL tests used in this trial, in schools can be costly 

and burdensome. One of the initial objectives of the pilot trial was to determine whether a KS2 

measure would provide an adequate alternative to the GL pre-test as a measure of prior attainment to 

use as a covariate in the primary analysis.   It was planned to calculate the correlations between the 

GL pre-test and the GL post-test , and between the KS2 SATs and the GL post-test, and use these to 

make a decision as to whether the GL pre-test or a KS2 measure would provide the most appropriate 

pre-test, also bearing in mind financial implications. However, due to time restraints and the fact that 

we included Welsh schools in the main trial which do not conduct KS2 tests, we opted to progress 

with using the GL pre-test in the main trial.  We will investigate the potential impact of using a KS2 

result as a measure of prior attainment in sensitivity analyses (with the caveat that Welsh schools will 

not be included in these analyses).  The correlation between KS2 test results and the GL post-test will 

be calculated using Pearson’s correlation coefficient.  Sensitivity analyses will be run repeating the 

primary analysis model but substituting the GL pre-test as a measure of prior attainment with each of 

the following KS2 test results in turn: 

 Reading fine grade score 

 Writing fine grade score 

 Mathematics fine grade score 

 Average fine grade score with teacher assessment adjustment 

NB: these analyses will exclude pupils from Welsh school since KS2 data are not available for them 

through the NPD. 
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Subgroup analyses 

The effect of the intervention on participating pupils who are eligible for FSM will be assessed via the 

inclusion of FSM status and an interaction term between FSM status and allocation in the primary 

analysis model.  If there is evidence of an interaction, this will be followed by repeating the primary 

analysis in the subgroup of pupils eligible for FSM, according to the variable EVERFSM_ALL from the 

NPD data.   

In a subgroup analysis for the primary outcome, gender will be also included in the models with an 

interaction term between gender and allocation.  

Effect size calculation   

Effect sizes will be calculated based on the adjusted mean difference between the intervention and 

control group (controlling for prior attainment) and the total variance (between plus within class 

variance), obtained from the multi-level model.  The effect size and 95% confidence interval will be 

calculated using equations (19) and (20) given in Hedges (2007) for cluster randomised designed 

analysed via multilevel models and allowing for unequal cluster sizes. 
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Report tables 

The EEF trial report template contains several tables whose structure is pre-specified. These tables 

have been adapted as appropriate for this trial and included below, along with other results tables that 

will be included in the report. 

 

Example Table: Summary of impact on primary outcome 

Group 
Effect size 

(95% confidence interval) 

Estimated 
months’ progress 

EEF 
security 
rating 

EEF cost 
rating 

Game-based 
intervention vs. 
control 

    

Test-based 
intervention vs. 
control 

    

Game-based vs. 
test-based 

    

FSM subgroup: 

Game-based 
intervention vs. 
control 

    

FSM subgroup: 

Test-based 
intervention vs. 
control 

    

FSM subgroup: 

Game-based vs. 
test-based 

    

 

Example Table: Minimum detectable effect size at different stages 

Stage 

N classes (n=game-
based; n=test-

based; n=control) 
N pupils (n=game-

based; n=test-
based; n=control) 

Correlatio
n between 
pre-test &  
post-test 

ICC 

Blocking/ 
stratification 

or pair 
matching 

Power Alpha 

Minimum 
detectable 
effect size 
(MDES)* 

Protocol 
385 (128; 128; 129) 
9615 (3205; 3205; 

3205) 
0.7 0.125 

Blocks of 3 
within school 

0.8 0.05 0.1 

Randomisation 
197 (65; 67; 65) 

4635 (1529; 1577; 
1529) 

0.7 0.125 
Blocks of 3 

within school 
0.8 0.05 0.14 

Analysis (i.e. 
available pre- 
and post-test) 

       

*between any two of the three arms 
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Example Table: Baseline comparison for participating schools and pupils 

Variable Game-based group Test-based group Control group 

School-level (categorical) n/N (missing) Percentage n/N (missing) Percentage n/N (missing) Percentage 

School type 
Community 
Foundation 
Academy 
Grammar 
Other 

    

  

Ofsted rating 
Outstanding 
Good 
Requires improvement 
Inadequate 

    

  

School setting 
Urban 
Rural 

    
  

School-level (continuous) n (missing) 
Mean (SD) 

Median (min, max) 
n (missing) 

Mean (SD) 
Median (min, max) 

n (missing) 
Mean (SD) 

Median (min, max) 

School size       

% eligible for FSM       

% pupils whose first 
language is not English 

    
  

% SEN or EHC       

Pupil-level (categorical) n/N (missing) Percentage n/N (missing) Percentage n/N (missing) Percentage 

Eligible for FSM       

Sex, male       

Pupil-level (continuous) n (missing) 
Mean (SD) 

Median (min, max) 
n (missing) 

Mean (SD) 
Median (min, max) 

n (missing) 
Mean (SD) 

Median (min, max) 

GL Progress Test in Science 
(pre-test) 

    
  

KS2 Reading fine grade score       
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KS2 Writing fine grade score       

KS2 Mathematics fine grade 
score 

    
  

KS2 Average fine grade score 
with teacher assessment 
adjustment 

    
  

 

Example Table: Baseline comparison for participating schools and pupils included in the primary analysis 

Variable Game-based group Test-based group Control group 

School-level (categorical) n/N (missing) Percentage n/N (missing) Percentage n/N (missing) Percentage 

School type 
Community 
Foundation 
Academy 
Grammar 
Other 

    

  

Ofsted rating 
Outstanding 
Good 
Requires improvement 
Inadequate 

    

  

School setting 
Urban 
Rural 

    
  

School-level (continuous) n (missing) 
Mean (SD) 

Median (min, max) 
n (missing) 

Mean (SD) 
Median (min, max) 

n (missing) 
Mean (SD) 

Median (min, max) 

School size       

% eligible for FSM       

% pupils whose first 
language is not English 

    
  

% SEN or EHC       

Pupil-level (categorical) n/N (missing) Percentage n/N (missing) Percentage n/N (missing) Percentage 
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Eligible for FSM       

Sex, male       

Pupil-level (continuous) n (missing) 
Mean (SD) 

Median (min, max) 
n (missing) 

Mean (SD) 
Median (min, max) 

n (missing) 
Mean (SD) 

Median (min, max) 

GL Progress Test in Science 
(pre-test) 

    
  

KS2 Reading fine grade score       

KS2 Writing fine grade score       

KS2 Mathematics fine grade 
score 

    
  

KS2 Average fine grade score 
with teacher assessment 
adjustment 

    
  

 

Example Table: Primary analysis 

 
Raw means/n (%) Effect size 

Outcome n (missing) 
Mean (SD) 

Median (min, max) 
n 

(missing) 

Mean (SD) 
Median (min, 

max) 

n in model  
(intervention; control) 

Effect size  
(95% CI) 

p-value 

 Game-based group Control group  

GL post test        

 
Test-based group Control group 

   
GL post test        

 Game-based group Test-based group    

GL post test        

 

Example Table: Sensitivity analyses of primary analysis using multiply imputed dataset 

 
Raw means/n (%) Effect size 
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Outcome n (missing) 
Mean (SD) 

Median (min, max) 
n 

(missing) 

Mean (SD) 
Median (min, 

max) 

n in model  
(group 1; group 2) 

Effect size  
(95% CI) 

p-value 

Multiply 
imputed data 

Game-based group Control group  

GL post test        

 
Test-based group Control group 

   
GL post test        

 Game-based group Test-based group    

GL post test        

 

Example Table: Sensitivity analyses of primary outcome with different measure of prior attainment included as a covariate 

GL post-test outcome 
n in model  

(group 1; group 2) 
Effect size  
(95% CI) 

p-value 

Measure of prior attainment Game-based vs Control group 

KS2 Reading fine grade score    

KS2 Writing fine grade score    

KS2 Mathematics fine grade 
score 

   

KS2 Average fine grade score 
with teacher assessment 
adjustment 

   

 
Test-based  vs Control group 

KS2 Reading fine grade score    

KS2 Writing fine grade score    

KS2 Mathematics fine grade 
score 

   

KS2 Average fine grade score 
with teacher assessment 
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adjustment 

 Game-based vs Test-based group 

KS2 Reading fine grade score    

KS2 Writing fine grade score    

KS2 Mathematics fine grade 
score 

   

KS2 Average fine grade score 
with teacher assessment 
adjustment 
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Example Table: Correlation between all pre- and post-test measures  

Correlation  GL Progress Test in Science (post-test) 

GL Progress Test in 
Science (pre-test) 

 

KS2 Reading fine 
grade score 

 

KS2 Writing fine grade 
score 

 

KS2 Mathematics fine 
grade score 

 

KS2 Average fine 
grade score with 
teacher assessment 
adjustment 
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