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Effectiveness
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KS2 maths and reading scaled scores as two separate
outcomes (accessed via National Pupil Database
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NFER survey that includes following established
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e Valuing of school scale from Panorama SEL
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1 These measures are slightly different to what was proposed at protocol stage, as we have since
analysed the baseline data for proposed measures and these two reach the desired reliability - see
secondary outcomes section more details.
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Introduction

Children’s University is a charity that works in partnership with schools to develop a love of
learning in children aged 5 - 14. The Children’s University network is made up of over 60
delivery partners in the UK who work with local communities, local authorities, national
partnerships, schools and parents to deliver these opportunities to children. Children’s
University (CU) aims to improve the aspirations and attainment of pupils by encouraging
participation in learning activities beyond the normal school day. Children’s University centres
support schools to provide a range of learning opportunities, such as after-school clubs,
projects and enrichment activities, and visits to destinations such as libraries, sports clubs,
historic centres, museums, or anywhere that offers structured learning activities for children.

Pupils use a ‘Passport to Learning’ to record activities and hours, and these are rewarded by
the collection of credits, certificates, and graduations (for further detail on the intervention see
the compliance section). This gives pupils the opportunity to develop character, resilience, and
life skills within and beyond the school curriculum. The development of these traits and skills
is tied in with improving life chances including good health and wellbeing, avoiding behavioural
and social difficulties, and employability (Cullinane and Monticute, 2017; Clarke, et al., 2015).

Children’s University has been tested through a previous EEF efficacy trial. This trial found
positive impacts on Key Stage 2 maths and reading results equivalent to about 2 months
additional progress. Small improvements were also seen for a range of non-cognitive
outcomes, such as teamwork, social responsibility, and aspirations. These results had
moderate security and provided initial evidence that well-supported enrichment activities can
improve children’s academic and non-cognitive outcomes.

This effectiveness trial is funded by the EEF to test whether Children’s University is effective
in raising attainment and non-cognitive outcomes at scale over two academic years. Children’s
University Trust and the local CUs were responsible to recruit schools. 208 primary schools
were recruited between October 2020 and May 2021. Once the recruitment was completed,
NFER collected pupil data and asked schools to administer baseline pupil surveys and parent
expressions of interest. Completion of these baseline activities were condition to
randomisation. 165 schools were randomised with an equal allocation into two arms:
intervention and control. Of these, one school had returned empty pupil surveys, so they were
removed from the trial. This left 164 schools that completed baseline requirements. The
randomisation was stratified by 11 CU localities so that local CUs have a fixed number of
intervention schools to support. This resulted in 81 intervention schools and 83 control
schools.

Pupils volunteer themselves to take part in CU activities rather than the intervention being
delivered to every pupil in a cohort. The opportunity to volunteer was therefore built into the
trial design and offered to all pupils in the cohort. In order for us to identify such ‘eligible
volunteers’ from all participating schools, we asked children and parents to express their
interest in taking part in CU programme prior to randomisation. We sought this volunteering
via parent expression of interest forms and pupil surveys at baseline. The group established
this way has become the eligible volunteers to take part in CU programme and constitute the
cohort for primary analysis. Across the two randomisation groups, we have 7,073 pupils, of
which 5,588 volunteered to take part in CU programme and 1,485 did not volunteer.


https://educationendowmentfoundation.org.uk/projects-and-evaluation/projects/childrens-university

Design overview

Table 1: overview of the project’s design

Primary
outcome

Secondary
outcome(s)

Baseline for
primary
outcome

Baseline for
secondary
outcome

Unit of randomisation

Stratification variables
(if applicable) ‘ CU Locality

variable

measure
(instrument, scale,
source)

variable(s)

measure(s)
(instrument, scale,
source)

variable

measure
(instrument, scale,
source)

variable

measure
(instrument, scale,
source)

';’rr?lsdemgn, UEERIRCRIBIISERCIN T\, arm. cluster randomised effectiveness trial

‘ School

1. Maths attainment
2. Reading attainment

1. KS2_MATSCORE, 0-999, NPD 2022/2023 KS2
attainment data

2. KS2_READSCORE, 0-999, NPD 2022/2023 KS2
attainment data

These outcomes are Romano-Wolf corrected.

1. Engagement
2. Valuing of school

NFER survey administered at follow-up that
includes the following established scales:

1. Engagement scale from Panorama SEL Survey,
5-25, Panorama Education

2. Valuing of school scale from Panorama SEL
Survey, 4-20, Panorama Education

1. Maths attainment
2. Reading attainment

1. Whether working at or above expected standard
for KS1_MATH_OUTCOME, categorical, NPD
2018/2019 KS1 attainment data

2. Whether working at or above expected standard
for KS1_READ_OUTCOME, categorical, NPD
2018/2019 KS1 attainment data

1. Engagement

2. Valuing of school

NFER survey administered at baseline that includes
the following established scales:

1. Engagement scale from Panorama SEL Survey,
5-25, Panorama Education

2. Valuing of school scale from Panorama SEL
Survey, 4-20, Panorama Education




Randomisation

A cluster randomisation was performed, with schools randomised into the intervention and
control arms using a 1:1 ratio. Randomisation was stratified by 11 CU Localities, which were:
Bexley, Devon & Cornwall, East London, Elevate a), Enrich, Essex & Suffolk, Peterborough,
Rotherham, Wakefield, Westminster and Wolverhampton. The number of schools randomised
to the control and intervention in each strata is given in Table 2 below. The intention for
stratifying by locality was to aid delivery of the intervention, ensuring that each local CU
manager supports half the number of schools recruited in their local area.

Randomisation was carried out by an NFER Statistician using R code. Code was stored for
reproducibility and transparency (included in this document as Appendix A). The statistician
was not blinded to group allocation. Randomisation allocation data was then passed to
NFER’s Research and Product Operations team and Children’s University Trust who liaised
with schools.

Table 2: number of schools randomised in each Children’s University Locality

Bexley 3 4 7
Devon and Cornwall 4 5 9
East London 10 9 19
Elevate 18 18 36
Enrich 12 11 23
Essex and Suffolk 11 12 23
Peterborough 6 7 13
Rotherham 3 2 5
Wakefield 2 1 3
Westminster 6 6 12
Wolverhampton 8 7 15
Total 83 82 1652

2 165 schools were randomised with an equal allocation into two arms: intervention and control. Of
these, one school had returned empty pupil surveys, so they were removed from the trial. This left
164 schools that completed baseline requirements.
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Sample size calculations overview

Table 3: figures used to calculate the MDES at the protocol and randomisation stages

Protocol Randomisation
OVERALL FSM OVERALL FSM?3
Minimum Detectable 0.19 0.96 017 0.22
Effect Size (MDES) ' ' ' '
Pre-test/
post-test 0.65 0.65 0.65 0.65
correlations
Intracluster
correlations SVEe 0.18 0.18 0.18 0.18
hool . . . .
(ICCs) (school)
Alpha* 0.025 0.025 0.025 0.025

One-sided or two-sided? 2 2 2 2

Average cluster size

20 3.14 34.07 5.35
(volunteers)
intervention 75 75 81° 81
Number of control 75 75 83 83
schools
150 150 164 164
intervention 1500 235 2763 434
Number of
. control 1500 235 2825 444
pupils
3000 470 5588 878

For the sample size calculations at the protocol stage, the target number of schools in each
arm of the trial was 75. Correlation between KS1 and KS2 was assumed to be between 0.60
and 0.70 and ICC was assumed to be between 0.16 and 0.20 points which were based on our
review of EEF funded studies. The cohort size would be the number of volunteers before
randomisation. To calculate this, we used the percentage of pupils who volunteered from the
efficacy trial which was 29 from a cohort of 42. Since we refined volunteering for this trial, we
assumed that fewer pupils would volunteer and at protocol stage, we expected that between
15 and 20 pupils would volunteer. Using these parameters, Table 3 above presents one such
scenario with a correlation between KS1 and KS2 scores estimated at 0.65° and the ICC was
estimated to be 0.18. It was also assumed that approximately 20 pupils per school would

3 As free school meal (FSM) eligibility data is not available at the randomisation stage the number of
FSM eligible pupils randomised is estimated by multiplying the total pupils randomised by the
estimated proportion of FSM-eligible pupils in the population (15.7%).
4 This alpha value was assumed at the protocol and randomisation stages when a Bonferroni
correction was planned to account for multiple outcomes. It does not apply to the final analysis, as a
Romano-Wolf correction will now be used instead.
582 schools were randomised to the intervention, but one was withdrawn shortly afterwards, so it is
known for the purpose of sample size calculations that they won'’t be providing data.
6 This Pearson correlation was estimated at the protocol and randomisation stages, when it was
thought the KS1 baseline would be binary. The KS1 baseline now has four levels, so the Pearson
correlation cannot be calculated, but it is expected that the proportion of model variance explained
should be as high or higher compared to the binary baseline.
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volunteer to take part in CU activities. At the study planning and randomisation stages, it was
intended that a Bonferroni correction would be used to adjust for having two primary outcomes,
which is reflected in an alpha value of 0.025, rather than the usual 0.05. With the given
parameters, an MDES of 0.19 was detected with a power of 0.8.

Although the trial is not powered to detect differences for the free school meals eligible pupils
(FSM), the focus was for the trial to recruit schools from disadvantaged areas and to support
schools to encourage FSM children to volunteer. With the same parameters and with an
assumption that 15.7%’ of the volunteers have ever been eligible for FSM, the MDES
increased to 0.26 for this subgroup.

There was minimal dropout up to the point of randomisation and the number of schools
recruited was slightly higher than expected. Holding other parameters involved in the sample
size calculation constant, this resulted in slightly lower MDES values at the point of
randomisation: 0.17 overall and 0.25 for FSM-eligible pupils only.

In this analysis plan, we propose to use the Romano-Wolf correction to account for multiple
testing instead of the Bonferroni correction, as the latter does not account for the dependence
between the test statistics of the two outcomes and so is overly conservative. The Romano-
Wolf correction accounts for this dependence by resampling from the original data, producing
corrected p-values using an algorithm described by Romano and Wolf (2016). As a Bonferroni-
adjusted alpha value was assumed when designing and recruiting for the study, this value
remains in the power calculations. Since the Romano-Wolf correction leads to greater power
than the Bonferroni correction, the actual MDES at analysis is expected to be smaller than
that given.

The efficacy trial demonstrated an effect size of 0.23 for reading and 0.20 for maths (Higgins
et al archive analysis®) so this MDES is considered adequate for these outcomes. A range of
other potential scenarios, varying the MDES, ICC and correlation between KS1 and KS2
scores, are presented in the protocol for this study.

Outcome measures

1. Maths attainment

The maths attainment primary outcome will be measured using scaled maths scores from
National curriculum assessments taken at the end of KS2. These range between 0 and 999
and can be obtained via the ‘KS2_MATSCORE’ variable in the National Pupil Database
(NPD). The corresponding baseline measure will be the ‘KS1 _MATH_OUTCOME’ variable
from the NPD, which will be treated as a categorical variable with four levels: ‘below expected
standard’ (NPD codes ‘BLW’, ‘PK1’, ‘PK2, ‘PK3’ and ‘PK4), ‘working towards expected
standard’ (code ‘WTS’), ‘at expected standard’ (code ‘EXS’) and ‘above expected standard’
(code ‘GDS’). This will be modelled in regressions with ‘below expected standard’ as the

7 The source of this estimate is:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/82
6252/Schools_Pupils_and_their_Characteristics 2019 Accompanying_Tables.xIsx.
8 Note that these figures were obtained from an analysis of archived data from the previous
evaluation, not from the evaluation report itself.
9 The reason for merging these codes is that only a small percentage of pupils received each one
(https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/85
1305/KS1 tables.xIsx), which could cause model estimation problems.
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https://educationendowmentfoundation.org.uk/projects-and-evaluation/projects/childrens-university
https://d2tic4wvo1iusb.cloudfront.net/documents/projects/Childrens-University-protocol-NFER-19072022-Final.pdf?v=1668476653
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/826252/Schools_Pupils_and_their_Characteristics_2019_Accompanying_Tables.xlsx
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/826252/Schools_Pupils_and_their_Characteristics_2019_Accompanying_Tables.xlsx
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/851305/KS1_tables.xlsx
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/851305/KS1_tables.xlsx

reference level and three indicator variables for the remaining levels. Codes indicating no
result (codes ‘A’, ‘D’ and ‘Q’) will be treated as missing data.

2. Reading attainment

The reading attainment primary outcome will be measured similarly to the maths outcome
above, based on scaled reading scores in the 0-999 range and using the ‘KS2_READSCORFE’
variable in the NPD. The baseline measure will use the ‘KS1_READ_OUTCOME’ variable
from the NPD, which will be converted to a categorical variable using the same codes as for
the maths baseline measure above.

All secondary and exploratory outcome measures described below were collected via a
bespoke pupil survey created by NFER. This was completed by pupils at baseline (prior to
randomisation) and pupils will answer the same questions at follow-up in July 2023. The
baseline measure in each case therefore uses the same scale as the outcome measure. All
secondary and exploratory outcomes will be obtained by summing their constituent items. If
some items are missing from a measure, then the total score for that measure will be treated
as missing (consistent with the complete case analysis used in the secondary analysis
models).

It was specified in the study protocol that of four potential secondary outcome measures
(Engagement, Valuing of school, Self-esteem and Goals and aspirations), only those
demonstrating a Cronbach’s Alpha value of 0.7 or above in the baseline pupil data would be
included in the secondary analysis. Engagement and Valuing of School met this criterion
(Table 4) and so were included as secondary outcomes. To add further confidence in these
measures, a confirmatory analysis was performed for Engagement and Valuing of School in
R using the package ‘lavaan’ (Rosseel, 2012). Results from the factor analysis overall
supported the use of these measures: the root mean square error was 0.063, the Comparative
Fit Index was 0.993 and the Tucker-Lewis Index was 0.990. The other two candidate
measures (Self-esteem and Goals and aspirations) did not meet the a > 0.7 eligibility criterion
for inclusion in the secondary analysis (see Table 5). However, as these measures are an
important part of the theory of change for this study, options other than completely removing
them were considered. The options included merging their constituent items into a single
measure (with a Cronbach’s Alpha of 0.66) and considering them for further exploratory
analyses rather than secondary outcomes. To support this decision-making an exploratory
factor analysis (varimax rotation) with four factors was performed in R using the ‘psych’
package (Revelle, 2022). One of the factors that emerged from this analysis primarily loaded
onto the five items that comprise the Self-esteem and Goals and aspirations measures
(loadings between 0.375 and 0.477).

While the factor analyses described above provided some limited support for combining the
two measures, it was decided that the resulting measure did not have a clear and meaningful
interpretation. Additionally, the combined measure still did not reach the pre-specified
Cronbach’s Alpha threshold of 0.7. Thus, we decided that the Self-esteem and Goals and
aspirations measures will instead be included in exploratory analyses, with the appropriate
caveats about their interpretation made clear in the final report. Details of these and the other
two exploratory measures in this trial can be seen in Table 5 below.


https://d2tic4wvo1iusb.cloudfront.net/documents/projects/Childrens-University-protocol-NFER-19072022-Final.pdf?v=1668476653

Table 4: Properties of secondary outcome measures

Engagement (5-25)

Valuing of school (4-20)

In general, how excited are you about going to your
lessons?

How focused are you on the activities in your
lessons?

In your classes, how excited are you to join in?

When you are not in school, how often do you talk
about ideas from your lessons?

How interested are you in your lessons?

How interesting do you find the things you learn in
your lessons?

How often do you use ideas from school in your
everyday life?

How important is it to you to do well in your
lessons?

How useful do you think school will be to you in the
future?

Not at all excited, Slightly excited,
Somewhat excited, Quite excited,
Extremely excited (1-5)

Not at all focused, Slightly focused,
Somewhat focused, Quite focused,
Extremely focused (1-5)

Not at all excited, Slightly excited,
Somewhat excited, Quite excited,
Extremely excited (1-5)

Almost never, Once in a while,
Sometimes, Frequently, AlImost always
(1-5)

Not at all interested, Slightly interested,
Somewhat interested, Quite interested,
Extremely interested (1-5)

Not at all interesting, Slightly
interesting, Somewhat interesting,
Quite interesting, Extremely interesting
(1-5)

Almost never, Once in a while,
Sometimes, Frequently, AImost always
(1-5)

Not at all, A little bit, Somewhat, Quite a
bit, A tremendous amount (1-5)

Not at all useful, Slightly useful,
Somewhat useful, Quite useful,
Extremely useful (1-5)

0.77

0.70



Table 5: Properties of exploratory outcome measures

Self-esteem (3-15)

Goals and aspirations
(2-10)

Problem-solving (3-15)

Fear of communication
(8-40)

I can work out my problems
| can do most things if | try
There are many things that | do well

| have goals and plans for the future
I think I will be successful when | grow up

When | need help, | find someone to talk to
| know where to go for help when | have a
problem

| try to work out problems by talking about
them

Talking to someone new worries me.*

| like to talk when the whole class listens.
Talking to teachers makes me feel
uncomfortable.*

| like talking in front of a group of people
| like it when | don’t have to talk.*

When someone asks me a question, it
makes me nervous.*

| like to talk to people | haven’'t met before.
| look forward to talking in class (e.g. to
contribute to discussions).

ltems marked with a “*’ are reverse-scored.

10

Never, Not very often, Sometimes, Very
often, Always (1-5)

Never, Not very often, Sometimes, Very

often, Always (1-5)

Never, Not very often, Sometimes, Very
often, Always (1-5)

Strongly disagree, Disagree, Not sure,
Agree, Strongly agree (1-5)

0.56

0.50

0.60

0.63



The secondary outcome measures of this study are:
1. Engagement

To measure the engagement and valuing of school outcomes, the Panorama Social-Emotional
Learning (SEL) survey (Panorama Education, n.d.) was used. A section of the SEL survey
focuses on the pupil’'s learning environment and the degree to which this influences their
academic success and social-emotional development, which is broken down into 10
subscales. The engagement subscale consists of five Likert-type items which can be rated
between 1 and 5. The Likert scale labels vary from item to item, but higher numbers are
positive. Summing these item scores produce an outcome measure in the range 5-25, where
higher values indicate greater engagement with school classes.

The fact that the Likert scale labels for Engagement vary between its constituent items (see
Table 4) is worth further comment. As the 1-5 scores of the constituent items are summed to
obtain the overall measure, there is an assumption that each increase of one point represents
the same ‘amount’ of the underlying variable (Engagement). It could be argued that this is less
likely to hold with inconsistent scale labels: for example, the increase from ‘not at all excited’
to ‘slightly excited’ may not be the same as the increase from ‘almost never’ to ‘once in a
while’. However, the results of the confirmatory factor analysis reported above provide some
reassurance as to the validity of the measure, as does the fact that it is an established scale.
Similar comments apply to ‘Valuing of school’ below, which also has inconsistent Likert scale
labels.

2. Valuing of school

Another subscale of the Panorama SEL survey is ‘Valuing of school’: the degree to which
pupils feel that school is interesting and important to them. The subscale consists of four
Likert-type items, rated between 1 and 5, where higher ratings are positive. The overall score
for the subscale ranges between 4 and 20, with higher values indicating a greater value placed
on schooling.

As described above, Self-esteem and Goals and aspirations had lower reliability (<0.7
Cronbach’s Alpha) and hence will not be considered for secondary analyses. These outcomes,
along with the other two additional outcomes, Problem-solving and Fear of communication,
will be considered for exploratory analyses. While writing the protocol, it was decided Problem-
solving and Fear of communication would be exploratory rather than secondary outcomes
(irrespective of their reliability) because these scales measure a pupil’s perception of their
Problem-solving abilities or Fear of communication, rather than directly measuring the
concepts themselves.

1. Self-esteem

The self-esteem of pupils will be measured via three items, which comprise the self-esteem
subscale of the Student Resilience Scale (SRS) (Sun and Stewart, 2007). The SRS is a 47-
item measure, consisting of 12 subscales that quantify child resilience and protective factors
in their family, school and community. For each item of the self-esteem subscale, pupils
indicate the frequency of positive occurrences (e.g., “I can work out my problems”) with a
rating between 1 (“never”) and 5 (“always”). The sum of these ratings forms an outcome with
range 3-15, where higher scores indicate higher self-esteem.
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2. Goals and aspirations

The ability of pupils to form goals and aspire towards a successful future will be measured via
two items, which form the goals and aspirations subscale of the SRS. These items again relate
to positive occurrences (‘I have goals and plans for future” and “I think | will be successful
when | grow up”), which are rated between 1 (“never”) and 5 (“always”). The resulting outcome
therefore takes a value between 2 and 10, where higher ratings are considered positive.

3. Problem-solving

Pupils’ perception of their ability to work through their problems with the support of others will
be measured via three items, which form the problem-solving subscale of the SRS. These
items relate to positive attitudes (e.g., “I try to work out problems by talking about them”), which
are rated between 1 (“never”) and 5 (“always”). The resulting outcome therefore takes a value
between 3 and 15, where higher ratings indicating that the pupil is more able to utilise the
support of others to help solve their problems.

4. Fear of communication

The Personal Fear of Communication scale concerns feelings about communicating with other
people (McCroskey, 1981). Eight of the fourteen items from this scale are used to measure
Fear of Communication in this trial. Both positively and negatively worded statements are
included in these items, which are rated between 1 (“strongly disagree”) and 5 (“strongly
agree”). This reverses the original instrument (where 1 was “strongly agree” and so on),
allowing higher scores to be positive, in line with other outcomes in this trial. Negatively worded
items are reverse-scored, so that the overall total of the items will take a value between 8 and
40, with higher values indicating less fear of communication.

Analysis

Both the primary and secondary analysis will be performed within an intention-to-treat
framework and will follow the EEF’s 2018 statistical analysis guidelines. All analysis will be
performed on the sample of volunteers: pupils that volunteered to take part in CU activities
pre-randomisation at both control and intervention schools. As this is an intention-to-treat
approach, if NPD records show a pupil has left their current school during the trial period, they
will still be included in the analysis. All primary and secondary modelling will be ‘complete-
case’ analysis: if a pupil is missing any variables in the model specified, they will not be
included in that part of the analysis. The impact of using a complete case analysis will be
explored in the missing data section.

The purpose of the primary analysis is to investigate whether CU has an effect on pupil’s
maths and reading attainment at KS2. Two models will be run, with KS2 maths and reading
scores as the respective outcomes. These will be taken from the NPD and they are described
in the outcomes section.

To account for clustering of KS2 scores within schools, a two-level (pupil and school) linear
mixed effects model will be used for each outcome. Fixed effects models can also account for
this clustering but would not be appropriate here, as they do not allow for inference around
school-level variables, in particular the intervention indicator. The model for the maths primary
outcome will be:

KS2_mathy; = By + ug; + Byintervention; + B, KS1_math;; + B3CU_locality; + €;
12



Where KS2_math;; is the KS2 maths score of pupil i in school j, and KS1_math;; is a vector of
indicator variables for three levels of KS1 maths attainment (plus ‘below expected standard’
as the reference level, see Outcome measures section). In this equation intervention; is the
random allocation (intervention or control) indicator for school j, and uy; is the random intercept
for school j. CU_locality; is a vector of 10 indicator variables for the 11 strata of CU locality
(the reference level for this is the Elevate locality). For the reading primary outcome, the right
side of the equation above will be the same, except KS1_math;; will be replaced by the KS1
reading baseline measure.

All multi-level models in the primary and secondary analyses will be run using the package
‘Ime4’ (Bates, et al., 2015) in the software R.

Correction for multiple testing

As the number of outcomes in a study increases, the probability of at least one false positive
finding (known as the ‘family-wise error rate’ or FWER) also increases. In this trial there are
two primary outcomes, so a Romano-Wolf correction will be applied to p-values from the
primary analyses, restricting the FWER to 0.05. The reason for choosing the Romano-Wolf
correction over the Bonferroni correction is that the latter does not account for the dependence
between the test statistics of the two outcomes and so is overly conservative!®. The Romano-
Wolf correction accounts for this dependence by resampling from the original data, producing
corrected p-values using an algorithm described by Romano and Wolf (2016). The resampling
itself can be performed in several ways; for this study a permutation-based method designed
for cluster-randomised trials will be used, as described by Watson et al. (2021) and
implemented using the R package ‘crctStepdown’ (Watson, 2021).

One difficulty with using the Romano-Wolf correction is that there is no way to apply it to the
construction of confidence intervals. That means that the usual 95% confidence intervals will
be presented for this trial. Where these confidence intervals ‘disagree’ with the corrected p-
values (that is, the interval does not contain zero, but the p-value is above 0.05) there will be
additional discussion in the final report about interpreting the uncertainty surrounding the point
estimate in the context of multiple testing.

The purpose of the secondary analysis is to investigate the effect of participation in CU
activities on two non-cognitive pupil outcomes. For each of these outcomes the analysis will
closely mirror that described in the primary analysis section. A linear model with two levels
(pupil and school) will be calculated to account for clustering of pupil outcomes within schools.

For example, in the case of the Engagement secondary outcome:
Engagement;; = 3 + ug; + B;intervention; + {;baseline_engagement;; + B3CU_locality; + €;;

Where engagement;; is the SEL Engagement score for pupil i in school j at follow-up and
baseline_engagement;; is the same score measured by the baseline survey. As before,
intervention; is the intervention or control indicator, CU_locality; is a vector of indicators for
the CU locality variable and uy; is the random intercept for each school.

10 Conservative in the sense that the actual FWER will be lower than the nominal rate of 0.05 and a higher power
could be achieved while maintaining a FWER of 0.05.

13



For the other secondary outcome Valuing of school, the right-hand side of the above equation
remains the same, except baseline_engagement;; is replaced with the baseline measurement
of Valuing of school.

We will perform subgroup analyses for each of the two primary outcomes. This section
illustrates the model structures using the KS2 maths outcome. The same analyses will be
performed for the outcome of KS2 reading scores, except the KS1 maths baseline measure
will be replaced by the KS1 reading measure. In each analysis, p-values will be corrected for
multiple testing using the Romano-Wolf correction, as described for the primary analysis.

To investigate whether the effect of the intervention is different for pupils from disadvantaged
backgrounds, subgroup analysis will be performed on pupils who are eligible for FSM. This
will use the ‘EVERFSM_6_P*Y variable collected from the NPD for the 2022/2023 academic
year to define FSM eligibility. Two approaches will be used: (i) rerunning both primary outcome
models for FSM-eligible pupils only and (ii) adding an interaction between FSM-eligibility and
intervention assignment to the primary outcome models. Specifically, the two level (pupil and
school) linear model used for (i) in the case of the maths primary outcome will be:

KS2_mathy; = By + ugj + Byintervention; + B,FSM;; + Bsintervention; X FSM
+ B4K81_mathii + [35CU_localityi + Eij

where again KS2_math;; is the KS2 maths score of pupil i at school j, and KS1_math;; is a

vector of indicator variables for three levels of KS1 maths attainment (plus ‘below expected
standard’ as the reference level). CU_locality; is a vector of indicators for the CU locality

stratification variable and uy; is the random intercept for school j. In this equation
intervention; is the intervention or control indicator for school j, FSMj; is an indicator variable
for whether the pupil is eligible for FSM and intervention; X FSM;; is the interaction between

the two. This means that the statistical significance of (3; indicates whether there is a
differential effect of the CU programme on maths attainment for FSM-eligible pupils.
However, it should be emphasised that this trial is not powered to detect an effect for the
FSM-eligible subgroup.

There are four exploratory non-cognitive measures in this trial: Self-esteem, Goals and
aspirations, Problem-solving and Fear of communication. Each of these will be the outcome
in a multilevel linear regression, similar to the secondary analysis models. Modelling will be
conducted in exactly the same manner as for the secondary outcomes, with the baseline
measure of the respective exploratory outcome being included as a covariate in each
regression.

No longitudinal follow-up is planned for the study at this time.

11 This variable indicates whether a pupil is known to have been eligible for FSM for any period in the
last 6 years.
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To assess imbalance in baseline characteristics a table will be produced describing
characteristics of the control and intervention groups after randomisation. The following
variables will be included in the table:

School level

e Proportion of pupils eligible for FSM in 2022/23

e CU locality

e Whether the school is urban or rural

e School type (academy, maintained or independent) in 2022/23

e Most recent overall Ofsted rating in 2022/23

e Proportion of pupils meeting the expected standard in their KS2 maths exam in

2022/23
e Proportion of pupils meeting the expected standard in their KS2 reading exam in
2022/23
Pupil level

e FSM eligibility in 2022/23 (‘EVERFSM_6_P’ from NPD)
e Baseline (KS1) maths outcome
e Baseline (KS1) reading outcome

Categorical variables will be described in terms of counts and proportions, while means and
standard deviations will be given for continuous variables. School-level variables will be
obtained from NFER’s own database of school characteristics, pupil-level variables will be
obtained from the NPD. As KS1 maths and reading ratings will be treated as categorical
variables, the difference between the intervention and control groups will be expressed as
odds ratios, with 95 percent confidence intervals.

The missing data analysis will only be performed for the primary outcomes. The analysis
described below is for the KS2 maths outcome, but the equivalent process will occur for KS2
reading outcome. These outcomes will be considered separately, and one may go through
more stages of missing data analysis than the other. For example, this could occur if less
than five percent of cases were missing for just one of the two outcomes.

The number and proportion of missing cases will be reported for the maths primary analysis
model. If this is less than five percent then the potential for bias in a complete case analysis
will be considered minimal and no further missing data analysis will take place, following
EEF’s statistical guidance. Otherwise, the number and proportion of missing values for each
variable included in the primary analysis models will be reported. As the intervention group
status and CU locality variable were known at randomisation, only the baseline and follow-up
maths scores will be missing.

Assuming both baseline (KS1) and follow-up (KS2) maths results have missing data, a
multilevel logistic regression with two levels (pupil and school) will be run for each; the
outcomes will be the logit probability of the respective maths scores being missing. All other
variables from the maths primary analysis model will be included as covariates, together with
these additional variables that may be associated with missingness:

e Pupil FSM eligibility in 2022/23 (‘EVERFSM_6_P’ from NPD)
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e Pupil’s school type (academy, maintained or independent) in 2022/23
e Proportion of pupils eligible for FSM in 2022/23 at the pupil's school

e Missingness of the pupil’s baseline (KS1) reading result

e Missingness of the pupil’'s KS2 reading outcome

The additional variables which demonstrate an association with missingness in the KS2 maths
score, as indicated by a p-value below 0.05, will be included as covariates in the primary
analysis model. If rerunning the primary analysis with these extra covariates included alters
the substantive interpretation of the intervention effect, then the KS2 maths outcome may be
‘missing at random’ conditional on the inclusion of those covariates. This would then need to
be discussed in the report.

If missingness of the baseline (KS1) maths covariate is associated with any of the additional
variables from the above list, a sensitivity analysis will be performed using multiple imputation.
Missing data will be imputed using predictive mean matching: the imputation model will include
all variables from the primary analysis, together with any additional variables associated with
missingness of baseline or follow-up maths scores. Ten datasets will be generated, each using
ten iterations, and the primary analysis model will then be re-run on each. Estimates from each
model will be pooled into a single set of estimates and standard errors that will be compared
to the results of the original analysis.

The multiple imputation will be run using the packages ‘mice’ (van Buuren and Groothuis-
Oudshoorn, 2011) and ‘smcfcs’ (Bartlett, et al., 2022) in R.

The analysis described above relates to missing variables in the primary analysis, but there
are also other potential sources of missing data in this trial. The compliance analysis and
modelling of participation in different CU activities (see sections below) relies on accurate and
complete data being recorded on the CU online digital platform. If pupil participation in an
activity is not recorded by their school or activity provider this could introduce bias into
estimates from any resulting analysis. As it won’t be possible to confirm whether CU online
data is missing for a pupil, it won’t be possible to assess the impact of missing data on analysis
estimates accurately.

The logic model for this trial theorises that participation in CU activities increases the short-
term outcome of positive identification with the school (Valuing of school measure) and the
intermediate outcome of motivation to learn (Engagement measure), amongst other factors.
These in turn improve KS2 maths and reading scores. The possibility of investigating these
causal relationships using mediation analysis was considered. However, as KS2 exams are
sat before the follow-up measurement of the secondary outcomes (the ‘effect’ precedes the
‘cause’), it was decided that the causal interpretation implied by a mediation analysis was
not sufficiently credible to proceed. Instead, a simple analysis will be conducted in which the
association of Engagement and Valuing of school with KS2 maths scores will be
investigated. Linear mixed effects models will be calculated for the KS2 maths outcome,
using intervention pupils only:

KSZ_mathij = BO + uoj + BZ Engagementi]- + [34K51_mathii + BSCU_localityi + eij
KSZ_mathij = BO + uoj + BZValue_schooli]- + B4K81_mathii + BSCU_localityi + Ei]'

In these equations terms are defined as for previous models. Engagement;; and Value_schoolj

are the follow-up Engagement and Valuing of school measures for pupil i at school j. If 3, is
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larger than zero, this indicates that pupils with high Engagement (or Valuing of school) close
to the time of their KS2 exams had higher average attainment. One causal explanation for this
(amongst others, recalling the exams precede follow-up Engagement measurement) is that
higher Engagement causes higher KS2 attainment, corroborating one aspect of the logic
model.

Both models will be repeated using KS2 reading score as the outcome and including the
baseline KS1 reading measure instead of KS1 maths as a covariate, so that there will be
four models in total. Romano-Wolf adjusted p-values will be calculated for each pair of maths
and reading outcomes; for example, a correction for two hypotheses will be applied to the
two models with Engagement as a predictor and the outcomes of KS2 maths and reading
scores respectively.

Compliance data will be collected from the digital platform- CU online!?. Pupils receive
awards at set thresholds to celebrate their participation in extra-curricular activities. The first
of these is the bronze award, which is gained at 30 hours of CU activities.

A challenge when investigating the causal effect of variables derived from the CU Online
data on KS2 attainment (as in this compliance analysis) is that KS2 exams will be sat in
May, before the final CU Online data extract is received. This means the final extract will
overestimate pupil’s participation in CU activities before KS2 attainment is measured. It is
not possible to simply filter out activities with post-exam dates, as activity hours are often
uploaded onto the platform in one go (e.qg., all hours for a pupil uploaded at the end of a
term), lagging behind the actual dates the activities were completed. As a solution, the
evaluators will be working with Children’s University to obtain an additional extract of CU
Online data shortly before the May KS2 exams. Schools will be encouraged to upload all
pupil activity data in preparation for this additional extract, to make it as accurate a reflection
of pupil CU activity participation up to that point as possible. However, it is still possible that
some activity data will not be uploaded in time for the May CU Online extract. This possibility
will be investigated using descriptive statistics and graphical methods. For example, the
average amount of CU activity hours uploaded each day between the May extract and final
extract will be compared to the period leading up to the May extract and to average across
the entire study period.

There will be two compliance measures analysed in this trial:

1. Whether a pupil participated in at least 30 hours of CU activities. This is a
dichotomous measure of compliance.

2. The total number of hours of participation in CU activities. This is a continuous
measure of compliance.

Pupils at intervention schools will have complied with the programme if their CU online data
shows that they took part in at least 30 hours of CU activities. The main compliance measure
for this study is therefore binary and defined at pupil level. However, while 30 is the minimum
required to receive an award in the CU programme, the benefits of the programme for pupils
might be expected to gradually accrue up to and beyond the 30 hours threshold. To investigate
this ‘dosage’ relationship, an additional compliance measure will be created that is equal to
the number of hours recorded in the CU online data, or zero for pupils in control schools.
Compliance analysis is described for the maths primary outcome below, but the equivalent

17



models will also be run for the reading primary outcome. This means there will be four models
in total, investigating the effect of the two compliance measures on the maths and reading
outcomes.

An instrumental variable (IV) analysis will be performed, using two-stage least squares
methods (Angrist and Imbens, 1995) to estimate the effect of binary compliance with the
intervention on maths attainment. For the first stage the compliance indicator will be regressed
on treatment assignment, together with covariates from the maths primary analysis model (the
baseline KS1 maths indicator and CU locality). For the second stage KS2 maths scores are
regressed on each pupil’s predicted compliance value from the first stage, together with
covariates from the maths primary analysis model. The coefficient for predicted compliance in
this second stage is the CACE (complier average causal effect) estimate for the effect of
compliance (30 hours of CU activities) on KS2 maths scores. Results from both stages will be
reported.

The IV two-stage least squares methods described above will be repeated for compliance
measure (2), which will be treated as a continuous variable. The modelling will be the same
as that described above, except that the outcome at the first stage is continuous rather than
binary.

All IV analysis will be performed using the ‘ivreg’ (Fox, et al., 2021) and ‘ivpack’ (Jiang and
Small, 2014) packages in the R software.

As described in the protocol, pupils are presented awards, certificates, diplomas, or degrees
depending on the number of CU participation hours they have amassed. Pupils that received
a bronze award or greater are invited to attend a graduation ceremony celebrating their
achievements. Participation at graduation ceremony is an important output in the logic model
as it provides a sense recognition for pupils’ achievements where families and schools
celebrate their commitment to learn beyond the classroom. At the protocol writing stage it was
planned that the effect of graduation ceremony attendance on KS2 maths and English scores
would be investigated in a separate piece of analysis. However, while writing this analysis plan
it was decided that this analysis would not be possible due to limitations of the data available.
This is firstly because some graduation ceremonies occur after KS2 exams are sat, preventing
the causal inference. Graduation ceremony attendance data is not recorded for individual
pupils. While ceremony attendance may contribute to the effect of receiving a bronze award
(30+ hours of CU activities, the main compliance analysis measure) on KS2 scores, it will not
be possible to separate out and measure this contribution.

As an additional piece of analysis, we will investigate whether the amount of participation in
certain types of CU activities is associated with each primary outcome. This analysis will use
CU participation data collected via the CU Online platform. When an activity is registered for
CU validation by its provider (the pupil’s school or an outside organisation) they are asked to
classify the activity using up to four of the following categories:

e Arts, culture and music
e Careers and enterprise
o Citizenship

o Family learning

e History and heritage
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e Languages

e Literacy

e Mental health and wellbeing
¢ Nature and the environment
e Online

e Outdoor learning

e Practical life skills

e Science, technology, engineering and maths
e Social and community action
e Sports and physical

e Uniformed groups

For example, performative dance might be assigned the category ‘Arts, culture and music’, as
well as ‘Sports and physical’. In order to understand the relationship between participating in
different categories of activities and the effect on outcomes, a two-level (pupil and school)
linear regression model will be used to explore the association between amount of time pupils
spent in undertaking specific types of activities and KS2 maths score, specified as follows:

KS2_mathy; = By + up; + B2KS1_math;; + B3CU locality; + Bactivity_hours;; + ¢;

The entries of vector activity_hours;; are the number of hours spent on each type of CU
activity listed above; it is a vector of length 16, with zero entries where a pupil has not
undertaken activities of that category. Following on from the performative dance example
above, if a pupil’s record shown they had spent 9 hours on this activity, but no time on any
others, then activity_hours;; would have entries of ‘9’ for each of ‘Arts, culture and music’ and
‘Sports and physical’, with zeros elsewhere. Other covariates are defined as described in the
primary analysis section. This analysis will include volunteer pupils at intervention schools
only.

By default, the intention is to include the number of hours spent on every activity category
given above as covariates in the regressions. However, in practice there may be very small
numbers of pupils taking up certain types of activities and/or high levels of correlation between
the hours spent on different activities, which could lead to model estimation problems. Upon
viewing the CU online data at follow-up, the research team will make a final decision on how
the activity types will be parametrised in the analysis.

To investigate the impact of the range of activities on outcomes, further analysis will be
performed for intervention volunteers that took part in at least one CU activity. The following
two-level (school and pupil) linear regression will be used:

KS2_mathy; = By + upj + B2KS1_math;; + B3CU locality; + 3,many_activities;;
+ Bsdiverse_activity_categories;;
+ Bemany_activities;; X diverse_activity_categories;; + €;;

Here many _activities;; is an indicator variable, taking the value 1 if the pupil took part in more
than the median number of CU activities observed in the data'® and 0 otherwise. Similarly,
diverse_activity_categories;; takes the value 1 if the pupil took part in more than the median
number of activity categories observed in the data and O otherwise. The interaction between

13 The calculation of median number of activities will not include values of zero, as this analysis is only
for pupils that took part in one or more activities.
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these represents a possible additional effect associated with taking part in many activities of
diverse types.

It is also important to note that because participation in certain types of CU activities is not
randomised?®*, it will not be possible to draw causal conclusions from both these analyses. If,
for example, pupils that spend more hours on maths-related CU activities have better KS2
maths scores, this could be due to the nature of the pupils who are interested in such activities
(e.g., more engaged by maths), rather than as a direct consequence of activity participation.
This analysis will therefore be considered exploratory, focusing on associations rather than
causal inference.

The follow-up pupil survey contains two items relating to the pupil’s future life and
aspirations. The first of these asks pupils to choose what they would most like to do when
they are 18: one of five potential options (e.g., ‘Study at university’) may be chosen. The
number and proportion of pupils selecting each option in the control and intervention groups
will be reported, and chi-squared tests will be performed to test for a difference between the
groups.

The second item asks pupils to order seven statements from most (rank 1) to least important
(rank 7) in their future (e.g., ‘Finding a job’). Each statement’s median rank in the control and
intervention groups will be reported and the distribution of ranks in the control and
intervention groups will be compared using Mann-Whitney U tests.

The ICC for the maths primary outcome model will be calculated as the proportion of maths
score variance attributable to level 2 (between-school) variation. The ICC will be calculated

for the maths primary analysis model and for an empty model (i.e., one with no covariates).

This will then be repeated for the reading primary outcome model, so there will be four ICCs
calculated in total.

For all primary and secondary models the difference in the outcome between the intervention
and control groups will be presented as an effect size (Hedges, 2007). As these are all linear
multilevel models the effect size will be calculated as:

(Yl - ?C)adjusted

[ ~2 2
GS + Ogrror

(Y1 — Yc)adjustea 1S the intervention coefficient from the model, while o and o2 are the
between-school and within-school variance from an empty model. In order to obtain a 95%
confidence interval for the effect size, a confidence interval for (Y, — ?C)adjusted will first be
calculated by adding or subtracting 1.96 times its standard error. The end points of this
confidence interval will then be divided by the denominator in the formula given above.

ES =

14 Nor is it amenable to quasi-experimental methods that seek to mimic randomisation such as
instrumental variable analysis. Instrumental variable analysis would require no causal pathway
between the instrumental variable (randomisation) and the outcome (KS2 maths score) other than
through the variable of interest (e.g., hours spent on sports clubs), which is not the case here.
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Appendix A

## Stratified Randomisation code

##1. Set work directory
setwd(".../Randomisation™)
dir<-dir()

## 2. Load data, a file consisting of all schools to be randomised, as well as their CU locality and
## NFER number (a school-level identifier, meaningless outside this project)
Experiment<-read.xIsx(paste(getwd(),"/","Randomisation school file.xIsx",sep=""))

names(Experiment)[c(1,3)]=c("NFERNo", "CU")
## |dentify stratification and unique identifier variables

## 3.list the stratification variables (is this case just one stratifier, CU locality)
stratification<-list("CU")
n_strats<-length(stratification)

## 4.specify unique identifier variable, in this case NFER number
ui<-"NFERNo"

## 5. What time is now? (hh.mm)(e.g: 11.35), used to create a random seed
time_now<-14.29

aux<-100*trunc(time_now)+100*(time_now-trunc(time_now))
set.seed(aux)
seeds<-sample(1:9999,size=(n_strats+2))

## check for duplicated or missing unique identifier information
## must remove
Experiment<-Experiment[!duplicated(Experiment[ui]),]
Experiment<-Experiment[lis.na(Experiment[ui]),]
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## store the original order of the columns
originalColOrder<-colnames(Experiment)

## Adding a variable that will allow for the recovery
## of the original order of the data frame rows later on
Experiment$originalRowOrd<-1:nrow(Experiment)

### Ordering Experiment by unique identifier
Experiment<-Experiment[order(Experiment[ui]),]

### Assigning a random order to the stratification
rands<-paste("rand",as.character(1:n_strats),sep="_")
for (i in 1:n_strats){
aux<-as.data.frame(sort(unique(Experiment[,stratification[[i]]])))
set.seed(seeds[1])
seeds<-seeds[-1]
aux[rands]i]]<-sample(1:nrow(aux)
Experiment<-merge(Experiment,aux,by.x=stratification[[i]],by.y=colnames(aux)[1])

}

## Randomise by unique identifier
set.seed(seeds[1])

seeds<-seeds[-1]
Experiment["rand_ui"]<-sample(nrow(Experiment))

## Reorder the rows of Experiment by rands and rancluster
rands<-c(rands,"rand_ui")
aux<-do.call(order,Experiment[rands])
Experiment<-Experiment[aux,]

## Assigning Control or Intervention Group
Experiment$grp<-(1:nrow(Experiment))%%2+1
rands<-c(rands,"grp")

aux<-data.frame(group=c('Control", "Intervention"))
set.seed(seeds[1])

aux$randgroup<-sample(1:2)

Experiment<-merge(Experiment,aux,by.x="grp",by.y="randgroup")

## Returning the data frame to its original order
Experiment<-Experiment[order(Experiment$originalRowOrd),]

## Removing the variables that are no longer necessary

originalColOrder<-c(originalColOrder,"group")
Experiment<-Experiment[,originalColOrder]
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