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Executive summary

The project

The Maths-for-Life programme aims to improve GCSE Maths retake outcomes for post-16 learners in further education
colleges, sixth-form colleges, schools, and training providers. It uses a learner-centred classroom approach based on
problem-solving and dialogic teaching in mathematics classes. Lead teachers receive six days of training consisting of: a
launch; five planning/reflection days; and a closing event. Lead teachers support peers through five cycles of Lesson Study,
which focus on evidence informed, discussion-based approaches to teaching GCSE Maths resit learners. The programme
was created and is delivered by the Centre for Research in Mathematics Education at the University of Nottingham.

This was a two-armed randomised controlled efficacy trial, with randomisation at the setting level. A total of 100 settings
were randomly assigned to receive either the Maths-for-Life programme or business as usual. The implementation and
process evaluation involved observations of the Lesson Study training, observations of the lessons, and interviews with
teachers. The trial took place between October 2018 to April 2025, with reporting delayed due to legal issues around data
security with the National Pupil Database (NPD).

This trial was funded by the Education Endowment Foundation (EEF) as part of a joint initiative with J.P. Morgan to explore
how to improve outcomes for disadvantaged 16- to 18-year-old students retaking GCSE English or Maths.

Table 1: Key conclusions

Key conclusions

1. Learners in Maths-for-Life settings made two months’ less progress in GCSE Maths scores, on average, compared to learners in other
settings. This result has a low security rating.

2.  Among learners previously eligible for free school meals (FSM), those in Maths-for-Life schools made one month’s less progress in
GCSE Maths scores, on average, compared to those in other settings. These results may have lower security than the overall findings
because of the smaller number of learners.

3. Thereis no evidence that Maths-for-Life had an impact, either positive or negative on GCSE Maths pass rate. The result is uncertain due
to high attrition.

4. Learners in the intervention group were more likely to attend their GCSE Maths exam—a key improvement, given that attendance was
low across both groups. Given the importance of exam attendance for achieving qualifications, this finding is noteworthy.

5. Theintervention was delivered broadly as planned, though some teachers made changes. Some classroom activities were adapted by
teachers, which may have affected how closely the approach matched the original design.

EEF security rating

These findings have a low security rating. This was an efficacy trial, which tested whether the intervention worked under
developer-led conditions in a number of settings. The trial was a well-designed, two-armed, randomised control efficacy
trial that was well powered, however, 48% of learners who started the trial were not included in the final analysis. Although
learners in the Maths-for-Life group and the comparison settings had similar amounts of missing data and additional
analyses showed comparable outcomes, the high volume of missing learner data may have biased the results in
unpredictable ways. Therefore, the primary findings need to be interpreted with caution.

Additional findings

Learners in the Maths-for-Life settings made, on average, two months’ less progress in their GCSE Maths scores compared
to those in the control group, with no clear difference in pass rates between the two groups. This is our best estimate of
impact, which has a low security rating. It is worth noting that GCSE scores are more sensitive to changes than GCSE pass
rates.
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Teacher surveys suggested that while lead teachers generally delivered the Lesson Study component of the programme as

intended, attendance at professional development (PD) planning sessions and observations was lower than expected.
Class teachers mostly followed the lesson plans, but the quality of dialogic teaching and problem-solving varied. Teachers
found it challenging to consistently facilitate high-quality dialogue and deepen their own mathematical reasoning.

Several implementation challenges may have influenced the evidence of impact on attainment. These included exposure
to Lesson Study and PD for class teachers, varying levels of buy-in and preparedness, and inconsistent learner engagement,
particularly when learners resisted collaborative approaches. In settings where the programme appeared more successful,
key enabling factorsincluded well-prepared teachers, strong buy-in, positive teacher-student relationships, and supportive
group dynamics for both PD and classroom delivery.

Despite limited impact of evidence on attainment or self-efficacy, a notable result is the 6% increase in GCSE Maths exam
attendance among Maths-for-Life students (27.8% vs 21.6%)," a key improvement. This suggests a positive influence on
confidence and persistence, an area worth further investigation.

Cost

The average cost of implementing Maths-for-Life was £33.63 per student per year when averaged over three years.
Additional running costs are minor and relate only to printing and photocopying materials. The average teacher spent 10.2
teaching days (61 hours) supporting the intervention per year, including for preparation and delivery.

Impact

Table 2: Summary of impact on primary outcome(s)

Estimated

Outcome / Effect size ; The EEF EEF
. ; months X . No. of students P-value .
group (95% confidence interval) security rating cost rating
progress
cost vave
|
Uniform Mark oo -2 n 1,631 0.09 £
Scale (UMS) score (-0.20-0.01)
GCSE Maths -0.07
attainment for
students eligible (-0.23-0.08) - N/A 1.017 0-34 N/A
for FSM

N/A=not applicable.

" These figures show the proportion of randomised students (i.e. those enrolled in GCSE Maths resit classes in trial colleges at the start
of the 2018/2019 academic year) who sat the July 2019 exam. Some of these students dropped out of these classes before being entered
into the July exam. A total of 350 students (6% of the randomised sample) dropped out because they passed their November 2018 resit.
2The effect size is -0.095. This value is rounded to -0.10 in the executive summary and for conversion purposes. All impact results tables
and related analyses retain and reference the unrounded value (-0.095). This rounding does not affect the underlying analyses.
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Introduction

Background

In 2017, the year before this trial was launched, around 30% of young people failed to attain a grade 4 in GCSE Maths during
Year 11 (Murray, 2017). A significant proportion of these young people retake this exam in further education or sixth-form
colleges, with the remainder retaking in school sixth forms. However, in 2017, only 28% of those resitting their GCSE Maths
obtained a grade 4—the equivalent of a standard pass, indicating a minimum level of competence in the subject (Thompson,
2017). This year, in 2024, this has fallen to 17% (Camden, 2024). Mathematical literacy is a critical life skill. Despite its
economic and social importance, numeracy in the United Kingdom (UK) is weak. According to the Organisation for
Economic Co-operation and Development (OECD), before the trial launched, one-third of 16-19-year-olds in the UK had
poor mathematical skills, three times as many as the highest performing countries (Kuczera et al., 2016). For the individual,
achieving a pass in GCSE Maths opens doors to better longer term educational and employment outcomes (Hayward et al.,
2014).

The evidence for the principles behind the programme evaluated in this trial is best described in a number of publications
by Malcolm Swan, the lead designer and researcher of the materials on which the intervention is based (Swan, 2006).
Fundamentally, the teaching resources draw on design principles from diagnostic teaching research. Swan (2006) reports
evidence that effective use of the materials in student-centred ways in post-16 contexts leads to increases in attainment.
One study used a pre-/post-test design (N=334) to assess the outcomes of students who received ‘many’ or ‘few’ of the
lessons (Swan, 2006). Those who received ‘many’ had statistically significant gains (at the 5% level) on an algebra test
compared to their peers who received ‘few’. In another study (Herman et al., 2015), materials were adapted for the United
States (US) (and for students of all abilities, rather than the equivalent of GCSE resit students) and were evaluated using a
quasi-experimental design (N=471) with a matched control group. This later study found that the intervention group made
significant gains in attainment compared to the control group (0.13 Cohen’s d effect size) (Herman et al., 2015).

A pilot evaluation was carried out in advance of this trial. In the 2017/2018 academic year, the University of Nottingham ran
a pilot version of the Maths-for-Life programme with 20 teachers from 20 colleges, with the Behavioural Insights Team (BIT)
acting as the independent evaluator. This pilot study aimed to evaluate the promise, feasibility, and readiness for the trial
of the programme, using a combination of qualitative case studies of pilot colleges, observations of training days,
quantitative surveying, and interviews with four non-pilot colleges. The findings suggested that this was an ambitious
project, due to the very low levels of student confidence, the difficult-to-master pedagogy, and the likely dilution of quality
in delivery as the programme scales. However, we also found evidence of promise in terms of student outcomes, and
confidence among pilot colleges that the programme is feasible to deliver and ready for trial. The details of these findings
influenced the refinement of the intervention (e.g. considering the role of teaching assistants), its logic model, and the focus
of the implementation and process evaluation (IPE; e.g. paying particular attention to the variation in competency of the
class teachers and lead teachers as the programme is scaled up).

This current study was a two-arm randomised controlled efficacy trial, with randomisation at the setting level, stratified by
setting type (further education college, sixth-form college, school, and training provider). The two arms were: i) the
treatment arm, in which nominated teachers were assigned to take partin the Maths-for-Life professional development (PD)
programme,® and implement the lessons with their students; and ii) the control arm, in which settings continued as they
otherwise would have. The trial was complemented by an IPE that focused on the following domains: i) mechanisms (to
contribute to our understanding of how the intervention works); ii) fidelity (to assess the extent to which the intervention was
delivered as intended; and iii) context (to assess how participant characteristics and the implementation context relate to
the effectiveness of the treatment). This mixed-methods design allows us to provide a robust estimate of the causal effect

3 The Maths-for-Life programme is no longer running, but the Education Endowment Foundation (EEF) is now running an effectiveness
trial of the next iteration: Mastering Maths. More information on this trial can be found on the project website, available at:
https://educationendowmentfoundation.org.uk/projects-and-evaluation/projects/mastering-mathematics-23-24-trial.
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of the intervention, while providing information on implementation and process that supports proper interpretation of the
impact findings and future decisions about refining and scaling the intervention.

Intervention

This intervention aims to improve GCSE Maths retake outcomes for post-16 students (Key Stage 5) in further education
colleges, sixth-form colleges, schools, and training providers. It attempts to develop a more student-centred classroom
approach based on problem-solving and dialogic teaching. Dialogic teaching aims to simulate learning through classroom
conversation, both peer-to-peer and teacher-to-student. The intervention was designed and implemented by the Centre for
Research in Mathematics Education at the University of Nottingham and a group of trained maths teachers from post-16
settings. It builds on an evidence-based corpus of classroom materials, using resources from the Standards Unit Box
(Improving Learning in Mathematics) and other resources developed by Malcolm Swan and colleagues (Wake & Swan 2016;
Swan, 2007).

The focus is on five key areas of the maths curriculum that are known to be challenging for GCSE Maths students:
proportional reasoning; algebraic expressions; parts of a whole; contextual problems; and handling data (Swan and Swain,
2010). The materials address these key mathematical areas and concepts using contexts and problems designed to re-
engage GCSE resit students in maths. Many of these students experience disaffection and disengagement after ‘failure’
(achieving a grade 3 or below) in their Key Stage 4 GCSE exam (Johnston-Wilder et al., 2015). The intervention addresses this
by introducing a problem-solving approach, adopting a student-centred focus, using discussion, and using research-
informed diagnostic, and formative assessment (Swan and Green, 2002). Tasks are designed to be used with students
working collaboratively. For example, students could be given a set of cards with different objects (on a tall skyscraper, the
length of a fly, the distance to the moon) and asked to work in groups to match each object to their corresponding
measurement.

The intervention supports teachers by providing evidence-informed materials together with a PD programme based on Wake
and Swan’s Lesson Study research (Swan and Swain, 2010). It takes an ‘action research’ approach,*led by a cadre of trained
teacher PD leads in which teacher research groups engage in five cycles of classroom-based inquiry into effective
pedagogies, supported by an online toolkit. The PD programme aims to address a skill shortage among teachers and
attempts to change how maths is conceptualised by young people, moving from a binary subject where thinking is ‘right’ or
‘wrong’ to one that is debated and discussed.

The intervention begins and ends with an event for class teachers. In between these two meetings, the intervention goes
through the following Lesson Study cycle (Takhashi and Wake, 2023; Wake et al., 2016; Wake et al., 2020):

Clusters of class teachers meet to learn about and plan a Maths-for-Life lesson, supported by their lead teacher.
Class teachers teach a Maths-for-Life lesson to their own class.

Class teachers meet as a cluster to observe a peer from the cluster teaching the same lesson.

Clusters meet again with their lead teacher to reflect on the lesson taught, and to learn about the next lesson to
be taught.

Pobd =

This cycle is completed five times, with a new lesson being taught and studied each time. The five lessons are taught
between November and April during the timetabled GCSE resit classes. They are taught by GCSE resit maths teachers. Each
lesson is designed to last for one hour. The lessons are based on the belief that dialogic learning is essential to improving
students’ confidence and outcomes. They seek to develop five principles of dialogic learning in classrooms®:

1. Purposeful. Talk is structured with specific learning goals in view.

4 ‘Action research’ is an approach that, ‘generally follows a systematic and cyclical pattern of reflection, planning, action, observation,
and data collection...that then repeats’ (Johnson, 2020).
5 Description taken from the teacher handbook available at: www.nottingham.ac.uk/maths-for-life/documents/teacher-resource.pdf.
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Reciprocal. Participants list, share ideas, and consider alternative views.
Cumulative. Participants build on contributions to create chains of thinking.
Collective. The classroom is a site of joint learning and enquiry.
Supportive. Ideas expressed freely, without risk of embarrassment.

2.
3.
4.
5.

Five key pedagogical ideas underpin the design of each of the five lessons. Each pedagogy is studied in turn and the effect
that it has on one of the principles of dialogic learning examined. These pedagogies are included in all lessons in the actions
of teachers and are supported by the design of the resources:

Collaborative learning. Working together toward a common goal.

Models of structure. Representations that provide insight into mathematical structure.
Formative assessment. Assessment that provides information on what to do next.
Coghnitive conflict. Being challenged by new information that contradicts prior ideas.

ard =

Closure. Drawing a lesson to a close to ensure shared understanding.

The five lesson topics are: Parts of a whole; Proportional reasoning; Algebraic expressions; Contextual problems; and
Handling data.

The PD requires a total of six days of teacher time and breaks down as follows:

e Launch event. Half a day.
e Lesson planning and reflection. One day per lesson (five days in total).

e Closing event. Half a day.

Lessons are taught in regular classrooms in schools and colleges and replace regular curriculum content. For the rest of
the period, teachers teach their standard curriculum (with the expectation that teachers adopt Maths-for-Life approaches
more widely in their teaching). Cluster PD sessions take place in a range of regional locations, such as participating schools
and colleges. For a more detailed outline of the intervention, please refer to the Template for Intervention Description and
Replication (TIDieR) framework in Appendix E. Information on actual dosage received during the trial can be found in the
‘Dosage’ findings section below. The programme was piloted with 20 lead teachers, across 20 colleges, in the academic
year 2017/2018. In the 2018/2019 academic year, these 20 teachers supported a cohort of approximately five new teachers
each through the PD programme. This process saw 84 new teachers applying the Maths-for-Life pedagogy with their GCSE
Maths resit classes.

An Intervention Delivery and Evaluation Analysis (IDEA) workshop was held, using the TIDieR framework, to develop a logic
model (see Figure 1 below) in collaboration with the developers at the University of Nottingham. The logic model was used
to inform the impact evaluation and IPE. The intervention description that was developed can be found in Appendix E and a
detailed list of further programme resources are included in Appendix F. These resources are all available at:
www.nottingham.ac.uk/maths-for-life/index.aspx.
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Figure 1: Logic model

| Activities (inputs)

Teacher Professional
Development (PD)

Initial training in pedagogy

5 lesson studies:
- Learn about lesson
- Teach lesson
- Peer lesson observation
- Reflection on lesson
(supported by research
question and form)

5 Lessons
5 elements

5 topics
5 pedagogies

Maths problems:
- Group based
- Requiring dialogue
= Using representation
- GCSE questions

Whole class plenary

Class Teachers
PPA/Teaching time
Qualifications Students Lead Teachers College/School
Yrs teaching maths Attendance Qualifications SLT Buy-in
Professional background Age Exper!F: nce Scheduling of maths
Fellow teacher on M4L programme Other courses CPD facilitation lessons (1 hour/3 hours)
Use of TA/LSA Relevance of course experience Type of institution
Intellectual capacity to maths Intellectual capacity Other maths networks in
Teaching capability Prior attainment Teaching capability area
Belief in pedagogy FSM/EAL/SEN Belief in pedagogy Local employment market

Evaluation objectives

The impact evaluation had one primary research question and two secondary questions.®
Primary research question:

1. What s the effect of being assigned to the programme on GCSE Maths resit performance in post-16 education as
measured by the moderated Uniform Mark Scale (UMS) point scores?

Secondary research questions:

1. Whatis the effect of being assigned to the programme on post-16 GCSE Maths resit pass rates, as measured by
the percentage of students achieving a grade 4 or above?

2. What is the effect of being assigned to the programme on students’ mathematical self-efficacy, as measured by
Part E of the Year 10 Teleprism survey?

The IPE aimed to answer the following six questions.

1. Fidelity: To what extent do implementers adhere to the intended model? In particular:
1.1 Towhat extent do lead teachers adhere to the programme?
1.2 Towhat extent do class teachers adhere to the lesson plans?
1.3 What are the barriers to and facilitators of adherence?

8 These questions have been slightly refined from the trial protocol to make it clear that the primary analysis is on an intention-to-treat
(ITT) basis with two-sided hypothesis tests. As a result, the phrasing refers to ‘assignment to the programme’ (instead of ‘participation in
the programme’).
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1.4 How does non-adherence/adaptation seem to influence outcomes?’

2. Dosage: How much of the intervention is delivered and received? In particular:
2.1 Towhat extent do class teachers receive the recommended amount of PD?
2.2 Towhat extent do students receive the recommended amount of Maths-for-Life lessons?
2.3 What factors contribute to any variation in session number and length?

3. Responsiveness: To what extent do participants engage with the intervention? In particular:
3.1 Towhat extent do class teachers engage in PD activities?
3.2 To what extent and how is class teachers’ general practice® altered by the programme?
3.3 To what extent do students engage in Maths-for-Life lessons?
3.4 Are there sufficient resources and support for class teachers (e.g. extension materials for more able students
and use of teaching assistants) to allow for effective differentiation in lessons?

4. Programme differentiation: To what extent is the intervention distinguishable from existing practice? In
particular:
4.1 Have class teachers (both intervention and control) received PD of a similar nature (either in the past or
during the intervention period)?
4.2 s the Maths-for-Life teaching approach significantly different from class teachers’ current practice? If so,
how?
4.3 Do control group teachers receive PD of a similar nature?

5. Quality: How well is the intervention delivered?
5.1 Can lead teachers effectively facilitate cluster PD sessions?
5.2 Arethe five key pedagogies used effectively by class teachers in the delivery of Maths-for-Life lessons?
5.3 What factors contribute to variation in implementation quality?

6. Causal mechanisms: Are the hypothesised mediating mechanisms present? In particular:
6.1 Are the hypothesised mechanisms that arise from the PD present?
6.2 Are the hypothesised mechanisms that arise from the Maths-for-Life lessons present?
6.3 Arethere alternative or complementary mechanisms at play?

The trial protocol (Nolan et al., 2020) is available here, and the Statistical Analysis Plan (Nolan and Taylor, 2020) is available
here.

Ethics and trial registration

An independent ethical review was carried out by the ethics panel at King’s College London. The review concluded that the
consent procedures were appropriate for each type of data gathered and that appropriate data protection protocols were
in place. There were no concerns about coercion or potential harm to students.

The developer team from the University of Nottingham recruited settings to the trial (see ‘Participant selection’ subsection
in the ‘Methods’ section below). Agreement to participate was confirmed through the signing of a Memorandum of

Understanding (MOU; see Appendix G).

The trial registration number is: ISRCTN14810016.

7 See intervention description Appendix E, for hypothesised adaptations.
8 That is, outside of Maths-for-Life lessons.

10
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Data protection

This protocol sets out the purpose of data sharing, the data to be shared, and the way that the data was managed for the
Maths-for-Life research project. BIT acted as the independent evaluator of the Maths-for-Life intervention for the EEF and
the University of Nottingham acted as the intervention developer. This document was supplemented by formal data sharing
agreements between BIT, the University of Nottingham, and participating settings.

See Appendices G, H, and | for the project MOU, the teacher information sheet, and the student information sheets and
withdrawal form, respectively.

Purpose of data sharing
In orderto deliver the Maths-for-Life pilot evaluation, it was necessary for the University of Nottingham, participating schools
and colleges, and BIT to share data. This included:

e data used to identify participating schools, colleges, and students in the Department for Education’s
(DfE’s) National Pupil Database (NPD);

e student and school-/college-level data provided by participating schools/colleges;

e outcome data (GCSE attainment data and survey data of both students and teachers); and

e interview data relating to both teachers and students.
These data were used for the purposes of the evaluation and were treated with great care to achieve high levels of security.
Further information on this process is provided in Table 3 below.

Table 3: Data shared

Data type Data details Organisation Organisation Date
(originator) (recipient)
Participating teachers, Name University of Nottingham BIT June 2018
schools/colleges contact Role
information Work email
Telephone
Participating student data Name Participating schools/colleges BIT October 2018
Date of birth
Unique pupil number (UPN)
Free school meals (FSM) status
Randomised school/college | Name of setting (e.g. college campus | BIT University of October 2018
data name) Nottingham
PD attendance Teacher names University of Nottingham BIT June 2019

Register of attendance

Student attainment data GCSE Maths grades Participating schools/colleges BIT September
GCSE Maths raw scores (for UMS scores) 2019

Baseline Key Stage 2 Maths score NPD (for baseline Key Stage 2
Baseline Key Stage 4 Maths grade and Key Stage 4 data and resit
grades)

Student maths self-efficacy | Survey responses from students Students BIT June 2019
data

At the end of the project, anonymised student data will be made accessible to the EEF, the Fisher Family Trust (who hold
the EEF data archive), and the DfE through the EEF archive.

11
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Data processing roles
The evaluation was assessed to have the following data controllers:

e Controller for teacher contact data. University of Nottingham.
e Controller for student demographic data. Participating schools and colleges.

o Controller for GCSE Maths grades, baseline Key Stage 2 Maths score, and baseline Key Stage 4
Maths grade. The DfE.

e Controller for GCSE Maths raw scores. Participating schools and colleges.
o Controller for survey and interview responses. BIT.

Legal basis for data processing

Participating teacher data

In relation to teacher data that was provided to BIT by the University of Nottingham, the University of Nottingham ensured
that participating schools/colleges sought clear consent from their teachers for their data to be processed for the specific
purposes of the project.

The University of Nottingham sought contractual assurances from each participating school/college that consent was freely
given by way of a positive opt-in by participating teachers for the processing of their data for the purposes of the project.
Participating teachers were informed that their contact data would be shared with the University of Nottingham, BIT, and
any other third parties.

Participating student data

It was anticipated that participating schools/colleges would process and transfer student data to BIT on the basis of
legitimate interests and that they would perform an analysis to: i) identify the relevant legitimate interests; ii) identify that
the processing was necessary and there was no less intrusive way to achieve the same result; and iii) undertake a balancing
test so that they were confident that students’ interests did not override the legitimate interests.

BIT undertook its own legitimate interest’s assessment in respect of each proposed transfer of student data from
participating schools/colleges. When balancing the legitimate interests against the interests of the individuals involved, we
concluded that:

e Using data in this way has little to no impact on the individual students, other than to the extent that
students have a positive interest in improving the efficacy of their education.

e As recommended by the Information Commissioner’s Office (ICO), we gave students the ability to
object to participating in the study, giving students the relevant information with which to make this
decision, including the legitimate interests we were relying on.

e Studentdemographic and attainment data are routinely used for research purposes in avariety of ways,
and hence, there is a strong argument that research of this type is something that students and parents
should reasonably expect to take place provided it has little impact on them individually.

On balance, given the extent of the legitimate interest in studies of this type and the limited impact on individuals, coupled
with individuals being given a right to object to inclusion in the study, we would suggest that there was a clear legitimate
interest basis for processing data in this way.
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Data transfer between colleges, schools, the University of Nottingham, and BIT
The project involved transferring potentially sensitive student data between the schools/colleges and evaluation team (BIT).
Such data must be transferred securely, and the following processes were followed carefully.

Datasets containing personal and sensitive data were transmitted via a secure file-sharing platform, Accellion Kiteworks.
This cloud-based file-sharing service encrypts the files with a unique key using 256AES encryption, both in motion and at
rest. Data was also transferred physically, as part of visits to schools/colleges. Any potentially sensitive data was stored on
an encrypted USB (universal serial bus) flash drive when in transit.

BIT collected initial student data (UPN, name, date of birth, and FSM) directly from participating schools/colleges. The
University of Nottingham supported communication with schools/colleges for this purpose. BIT also collected GCSE Maths
resit raw scores for participating students from schools/colleges.

Further GCSE attainment data (GCSE Maths resit grades) was collected from the NPD. As part of the application for access
to the NPD, potentially sensitive student data had to be transmitted to the DfE. This was done using the DfE’s secure service.
Matched, anonymised data was deposited in the Office for National Statistics (ONS) Secure Research Service (SRS)
environment for analysis.

BIT collected survey responses (on Maths self-efficacy) from students in participating schools/colleges via an online
platform (Qualtrics).

These processes were reflected in the data sharing agreements between participating schools/colleges, BIT, and the
University of Nottingham.

Data storage at BIT
BIT took reasonable steps to ensure that:

e personal and sensitive personal data was only accessed by those who were part of the project on a
need-to-know basis;

e all BIT analysts working on this project had received a cleared Disclosure and Barring Service (DBS)
check within the last year;

e unauthorised staff, contractors, and other third parties were prevented from gaining access to the data
provided;

e all computer systems and other data storage devices that contain personal or sensitive personal data
were password protected;

e workstations / personal computers (PCs) that contain personal or sensitive personal data were not left
signed on when not in use;

e all discs, other removable media, or printouts were locked away when not in use in BIT’s secure data
room;

e no personal or sensitive data was transmitted via unencrypted email;

e nopersonalorsensitive personal datawas left on public display in any form, with all staff member desks
cleaned at the end of each day and sensitive material locked away safely;

e paper files were stored in BIT’s secure data room (only accessible by a limited number of people in the
research and evaluation team who have the door code);

e the office shredder or other contract shredding service was used to dispose of any document containing
personal data (electronic or otherwise) after use;

13



Maths-for-Life
Evaluation Report

e all datasets and do-files, for Stata or any other statistical software package, were stored on an
encrypted, regularly backed up, team hard drive; and

e sufficient training was provided to all staff members to ensure they understood the importance of data
security and, in particular, exercised appropriate care when handling personal and sensitive
information.

Data storage at the University of Nottingham

The University of Nottingham’s project data was held locally and for this purpose they have the use of a secured partition on
the University of Nottingham’s research network drive with access provided to the four evaluation team members and our
administrative support, as well as specific information technology (IT) support personnel. Access to the network drives was
tied to researchers’ workstations, which were situated in private locked offices. The terminals were all password protected
and authenticated through the University’s centralised Information Access Management system. Remote access, where
permissions allow for it only worked through a remote desktop, which had the same password and authentication
requirements.

Data destruction

BIT and the University of Nottingham will destroy personally identifiable data within a period of three months of the end of
the trial following their own institutional practices. For the University of Nottingham, the University currently uses KillDisk,
which conforms to US Department of Defense clearing and sanitising standard DoD 5220.22-M for removal of data from
active standalone computers. For networked PCs the specific partition will be locked from access, backup processes
turned off, and the data overwritten.

If the computer is being decommissioned at the same time the data is deleted, then the deletion will be carried out by the
University's third-party PC disposal partner. Otherwise, it will be completed by IT Services staff. Data that is stored on hard
copy (paper) will be shredded on-site prior to disposal.

Use of the data

At no time will individual- or school-level data be disclosed to any third parties (with the exception of end of project transfer
to the EEF or its contractors, as noted above). It will only be used for purposes connected with this evaluation including, but
not specifically limited to:

e checking randomisation has worked through analysing the average characteristics of individuals and
schools/colleges in the treatment and control groups; and

e calculating the estimated impact of the project by comparing the outcomes of individuals in treatment

and control schools/colleges.

This includes use of the data for academic publications by the project and evaluation teams, which will follow the same
standards in terms of ensuring confidentiality and anonymity of participants.

Project team

The intervention was developed and implemented by the following staff at the Centre for Research in Mathematics
Education at the University of Nottingham: Geoffrey Wake; Matt Woodford; Michael Adkins; and Sheila Evans.

This evaluation was delivered by staff at BIT, led by David Nolan and Patrick Taylor. The impact evaluation was designed by
David Nolan, Pantelis Solomon, and Michael Sanders. Analysis was conducted by David Nolan, Claire Cathro, and Neus
Torres-Blas. Impact data collection was managed by David Nolan, Louise Jones, and Bridie Murphy. The IPE was designed
by Patrick Taylor and Jessica Heal. IPE field data collection was conducted by Patrick Taylor.
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Methods

Trial design
Table 4: Trial design

Two-arm, cluster randomised controlled efficacy trial

Setting level (further education college, sixth-form college, school,
training provider, or a sub-site of one of these)

Setting type — two strata (further education college vs sixth-form
college/school/training provider)®

Key Stage 5 GCSE Maths retake outcomes

Key Stage 5 GCSE Maths UMS score, 0 — 100, from GCSE exam raw
scores provided by the settings

1. Key Stage 5 GCSE Maths pass rate
Student self-reported mathematical self-efficacy

Key Stage 5 GCSE Maths pass rate, 0 - 1, NPD
Mathematical self-efficacy survey score, 1 -4, Part E of
Teleprism survey

1.
2

Key Stage 2 SATs mathematics attainment
Key Stage 4 GCSE Maths attainment

Key Stage 2 Maths total marks, 0 - 100, NPD
Key Stage 4 GCSE Maths grade, 0 to 9, NPD

Key Stage 2 SATs mathematics attainment
Key Stage 4 GCSE Maths attainment

Key Stage 2 mathematics total marks, 0— 100, NPD
Key Stage 4 GCSE Maths grade, 0 to 9, NPD

The EEF Maths-for-Life trial was a two-arm randomised controlled efficacy trial, with randomisation at the setting level
(settings were further education colleges, sixth-form colleges, schools, and training providers). The randomisation was
stratified by a binary category of setting type (further education college or sixth-form college/school/training provider).

The two arms were:

e Treatment arm. Nominated teachers from settings assigned to this arm took part in the Maths-for-Life
programme.

e Control arm. Settings continued as they otherwise would have. All settings allocated to the control
group were financially reimbursed £1,000 for their continued participation in the trial.

No changes were made to the trial design specified in the trial protocol (Nolan et al., 2020) and Statistical Analysis Plan
(Nolan and Taylor, 2020).

The primary outcome was the overall Key Stage 5 GCSE Maths resit performance for the academic year 2018/2019,
determined by the UMS score. The UMS score was calculated by BIT from the raw marks collected and provided directly by
the settings. This assessment took place during Summer Term 2019.

9 Stratification grouped sixth-form colleges, schools, and training providers to form one stratum to ensure equal numbers of students in
treatment and control in both categories, given they are likely to be aligned in numbers of classes, teachers, and students.
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In addition to the primary outcome, the evaluation considered two secondary outcome measures:

o Key Stage 5 GCSE Maths pass rates. Assessed based on a binary outcome variable indicating whether
a student achieved a grade 4 or higher. This data was obtained from administrative records on GCSE
Maths test grades in the Key Stage 4 dataset, Key Stage 5 dataset and the Young Person’s Matched
Administrative Dataset (YPMAD) from the NPD and the Individual Learner Record (ILR) database.

o Student self-efficacy in maths. Measured through Part E of the Year 10 Teleprism survey. Self-efficacy
refers to an individual's belief in their ability to succeed in a task. The Teleprism survey was developed
by the Teleprism project at the University of Manchester (Pampaka et al., 2011).

The variable KS4_L2BASICS_94 from the Key Stage 4 dataset was not used to calculate the Key Stage 5 GCSE Maths pass
rate as outlined in the trial protocol (Nolan et al., 2020). Instead, we combined several variables from the NPD (Key Stage 4,
Key Stage 5, and YPMAD datasets) and ILR (Learning Aims dataset) that included the maths grades.® Details on how this
secondary outcome was constructed can be found in the ‘Outcome measures’ section below.

Participant selection

The trialwas conducted with Key Stage 5 Maths resit students from schools, sixth-form colleges, further education colleges,
and training providers that were in the classes of teachers from each setting who participated in the programme.

Settings were recruited by the University of Nottingham. To be eligible, settings had to have students retaking GCSE Maths
in Key Stage 5. During recruitment, the settings selected teachers to be part of the programme. The University of Nottingham
aimed to recruit one teacher per school and one to two teachers per college. Dosage data indicates that this teacher
recruitment target was successfully achieved. The eligibility criteria for participating teachers were as follows:

o Further education colleges. Teachers were required to expect to teach at least 80 students (if multiple
teachers were recruited, then this figure was a combined total).

e Schools, sixth-form colleges, and training providers. Teachers were required to expect to teach at
least ten students.

In the case of large further education colleges (or college groups), the teachers could be geographically and organisationally
separate. For the purposes of the trial, these teachers were considered to be teaching in distinct settings, even if they came
from the same institutional group. Consequently, the risk of spillover was considered to be negligible, and one large college
could be classified as two or more settings for recruitment, randomisation, and analysis.

Additional teachers from each setting beyond the specified numbers were only accepted by the programme if there was
available space without limiting the capacity for more settings to participate.

Settings that wanted to participate in the trial were required to sign an MOU (see Appendix G) before enrolling in Spring Term
2018. This MOU outlined the necessary activities for both the intervention and evaluation. It included the requirement for
each school to collect and provide raw GCSE Maths scores for all participating students. Settings also had to sign a Data
Processing Agreement (DPA) with BIT.

Recruitment was widely open to teachers of GCSE resit classes in general further education colleges, sixth-form colleges,
schools, and training providers in England. The developers worked extensively through their networks to connect with
teachers in these settings through organisations such as the Association of Colleges and their regional networks, the Sixth
Form Colleges Association, etc. Recruitment information events were held around the country and social and mainstream
media were used to reach potential participants. Participation was not geographically restricted. Recruitment efforts
resulted in 50 settings in the treatment group and 50 settings in the control group (approximately 180 class teachers across

1 See Appendix S, for a summary and explanation of the deviations from the protocol.
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both groups). They enrolled 3,071 students and 2,735 students, respectively after randomisation, who were meant to take
the GCSE Maths resits in the 2018/2019 academic year. The analysis focuses only on students who did not pass the GCSE
Maths resit in November 2018, immediately after intervention was launched that same month, resulting in an effective
sample of 2,920 students in the treatment group and 2,536 students in the control group. This amounted to 5,456 students
in total.

Outcome measures

Baseline measures

All primary and secondary analyses included two baseline measures obtained from the NPD: Key Stage 2 maths attainment,
as measured by the Key Stage 2 Maths raw exam score; and Key Stage 4 Maths attainment as measured by the GCSE Maths
grades.

For the Key Stage 2 Maths attainment, we used the NPD variable KS2_MATTOTMRK from the Key Stage 2 dataset. This
measure ranges from 0 to 100 and represents the total marks achieved in the Key Stage 2 Maths test (the sum of Paper A,
Paper B, and mental arithmetic tests).

For the Key Stage 4 baseline maths attainment, we used the NPD variable YPMAD_GCSE_GRADE_MATHS from the YPMAD.
This variable is the best grade recorded in GCSE Maths. The trial was carried out in the 2018/2019 academic year, so we
used the best GCSE grade recorded up to the 2017/2018 academic year or the previous non-missing record for each
student.

The students that took part in the trial had a wide range of ages, so we had grade records from 2001 up to 2018 that could
be either numeric (from 0 to 9) or letters (A, B, C, D, E, F, G, U, X) (GCSE Maths exams grades changed from letter to numeric
in 2017). We transformed the letter grades to numeric grades following the Office of Qualifications and Examinations
Regulation (Ofqual) guidelines, with some adaptations (Jadhav, 2018). The table of equivalences can be found in Table 5
below.

Table 5: Table of equivalences

Old letter grade Assigned numerical grade

A* 9
A* 8

A 7

B 6

B 5

c 4

D 3

E 2

F 1.5

G 1

u 0

X (missing)

The change from letter to numerical grades eliminated grade variability in the lower bound and added more grades above a
standard pass. There were four letters below a standard pass (D to G), while there are now only three numbers (3to 1). We
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assigned 1.5 to those students who had an F to keep that variance in the grades. As the sample was made of resit students

who had not passed their GCSE before the intervention (so they had low grades), we did not do further adaptations to
account for the differences in the upper grades.

The NPD data was matched to the original student data post-randomisation. The matching was carried out using the
students’ name, school, and date of birth by the DfE, who linked each students’ Pupil Matching Reference (PMR) to an
anonymised unique identifier provided by BIT. The DfE also used the PMR to match the secondary outcome data to the
baseline attainment measures, also obtained from the NPD. The BIT anonymous identifier was then used to link the NPD
data to the rest of the student data collected directly from the settings.

Primary outcome

The primary outcome was the overall Key Stage 5 GCSE Maths resit performance for the academic year 2018/2019, as
measured by the UMS score. The UMS is a method used to standardise the raw scores of the GCSE Maths exam across
different examination boards and smooth out any variations in levels of difficulty from each exam board or exam year
(Ofgual, 2013). The exam board then allocates a grade depending on the UMS score. The settings in the trial used four
different examination boards, so the raw scores were converted into UMS to allow for comparisons across settings.

The score of the GCSE Maths exam was chosen as the primary outcome measure because it was the most direct way to
measure changes in student performance at the GCSE resit exams and mathematical attainment, which was the main
outcome of the intervention, according to the logic model (see Figure 1 above).

The GCSE raw exam scores were collected by the settings and sent directly to BIT for conversion. The formula to obtain the
UMS scores was provided to BIT by the Assessment and Qualifications Alliance (AQA), one of the exam boards. The formula
converts the raw score to a UMS score, which can range from 0 to 100, using the specific grade boundaries from each
examination board. The mathematical formula and grade boundaries that were used to convert the scores are provided in
Appendix Q.

Secondary outcomes
GCSE Maths pass rate

The first of the two secondary outcomes in the trial was the Key Stage 5 GCSE Maths pass rate, as measured by a binary
outcome variable indicating whether or not a student achieved a grade 4 or higher (out of 9) in that exam. The data was
obtained from the NPD and the ILR." This outcome measure was chosen for two main reasons: i) because the main aim of
the intervention was to improve mathematical attainment of post-16 GCSE resit students, so they can pass the resit
examinations; and ii) the evaluation team opted to use data from the DfE as administrative registers are usually more reliable
than data reported by the schools/colleges, and have a lower risk of attrition or missing data issues.

The data was collected from the Key Stage 4, Key Stage 5, and YPMAD datasets in the NPD, and from the Learning Aims
dataset from the ILR. We used the exam grade of the GCSE Maths exam of Summer Term 2019. Relevant records were
identified by filtering the exam data by season (summer), year (2019), subject code or ‘mapping’ (2210 - Mathematics), and
type of qualification or ‘sublevno’ (391 - GCSE). In the case of duplicated records across different datasets, we prioritised
YPMAD records, as the YPMAD contains information on students’ highest educational qualification up to age 20 and links
other NPD datasets, followed by ILR, Key Stage 5, and Key Stage 4, in that order.

All students who received a grade 4 or above were coded as 1, and the rest of the students were coded as 0, including those
that did not sit the exam and/or did not have an exam record.

" The protocol specified that variable KS4_L2BASICS_94 from the Key Stage 4 dataset was to be used for this outcome, but this was not
feasible. See Appendix S, for more details about the deviation from the protocol.
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Mathematical self-efficacy

The other secondary outcome was mathematical self-efficacy, as measured through Part E of the Year 10 Teleprism survey.
Mathematical self-efficacy was identified as a key mechanism supporting attainment in this intervention, based on findings
from the pilot evaluation.

The Teleprism survey was developed by researchers at the University of Manchester. The evaluation team used a subsection
of the survey, Part E, which focuses on self-efficacy. The survey had 21 questions, and asked students to rate their
confidence levels on a four-point Likert scale, ranging from ‘Not confident at all’ (1) to ‘Very confident’ (4) in answering
example questions related to various GCSE Maths topics: number; algebra; geometry and measures; ratio; proportion and
rates of change; and statistics. The survey asked for the students’ confidence in answering them but did not ask them to
actually solve the mathematical problems. An example question of the survey was: ‘How confident are you to solve mixed-
fraction problems such as:’ and then showed an example. An example question from the survey can be found in Appendix
R.

A final survey score was obtained for each student from the average of all 21 Likert-scale responses. The final score ranged
between 1 to 4. Although a four-point Likert scale may have limited variance, it was considered the most suitable measure
for this project as the survey had been developed and validated for post-16 students and was also found to be consistently
correlated to mathematical attainment for these students (Pampaka et al., 2011). The survey was self-administered by
students using an online survey platform in May 2019. BIT created this online version of the survey and emailed it to class
teachers with instructions on how to administer it with their students. This approach was taken (as opposed to researchers
visiting settings to administer the survey) to save money. For those students who submitted several entries, we used the
latest completed submission for the analysis.

Sample size

Prior to recruitment (at the stage of writing the trial protocol), we used a statistical process known as simulation-based
inference to conduct all power analyses, using the R statistical software package. This was because we intended to recruit
different types of educational settings with substantial variation in cluster size, and large variation in cluster size tends to
reduce statistical power in cluster randomised controlled trials (Lauer et al., 2015).

Further education colleges are usually much bigger in size than other post-16 settings, so we expected a substantially bigger
number of students taking Maths-for-Life lessons in each of the further education colleges compared to the rest of post-16
settings in the trial. We conducted thousands of hypothetical experiments with a given effect size. We then observed how
many of these experiments produced a significant result. This approach is known as the Monte Carlo method for measuring
experimental power. In this particular case, the combination of setting randomisation and the presence of two distinct
‘types’ of settings with varying size made it necessary to adopt this approach. Our simulations assumed that cluster sizes
followed a Poisson distribution, with average cluster sizes of 80 students per further education college and ten students in
the other types of settings.

However, post-recruitment cluster sizes were known, therefore, we deferred back to using closed-form algebraic equations
to conduct our power analysis, and validated the results from the simulation-based approach taken in the trial design
phase. We factored the variation in cluster sizes into the power analysis by using an inflation factor known as the coefficient
of variation, which was computed with the actual cluster sizes after recruitment. We used Stata software, Version 16
(StataCorp LLC, College Station, Texas, USA) to compute the minimum detectable effect size (MDES) at randomisation and
analysis stages. The calculation of the MDES at randomisation was based on the assumptions at the design stage, except
for the number of clusters and cluster sizes for the overall sample and the FSM subsample. The updated cluster sizes at
randomisation are shown in Table 6 below.

We present in Table 6, the sample and the MDES at the design of the trial protocol, randomisation, and analysis stages to
achieve 80% statistical power for our primary outcome measure, Key Stage 5 GGSE Maths resit performance, as measured
by UMS scores. The MDES is presented in terms of Hedges’ g. The assumptions were updated at the analysis stage, as can
be seenin Table 6, and computed using the sample of students that were included in the primary outcome analysis.
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0.34

0.15 0.22 0.30 0.20 0.25
0.5 0.5 0.5 0.5 0.55 0.56
N/A N/A N/A N/A N/A N/A
N/A N/A N/A N/A N/A N/A
N/A N/A N/A N/A 0.17 0.19
0.2 0.2 0.2 0.2 0.08 0.09
0.05 0.05 0.05 0.05 0.05 0.05
0.8 0.8 0.8 0.8 0.8 0.8
Two-sided Two-sided Two-sided Two-sided Two-sided Two-sided
80 students 24 students 73 students 22 students 43 students per 14 students
per college, per college, per college, per college, college, 16 per per college,
ten per school two per 30 per ten students school/sixth- six per
school school/sixth- per school/ form college/ school/ sixth-
form college/ sixth-form training provider =~ form college/
training college/ training
provider training provider
provider?
55 55 50 50 45 44¢
55 55 50 50 46 45f
110 110 100 100 91 89
2,300 660 3,071¢ 996 1,631 591
2,300 660 2,735" 800 1,401 426
4,600 1,320 5,806' 1,796 3,032 1,017

“This is not estimated as most students participating in the trial had moved to a new educational institution and we did not administer any pre-test

assessment.
bid. from footnote 6.

°The ICC at the class level was not used to calculate the MDES at the analysis stage, as the randomisation was clustered at the setting level.
9The cluster sizes of FSM learners at randomisation and the MDES in this report are different from the sizes reported in the Statistical Analysis Plan
(Nolan and Taylor, 2020) because we used the FSM status from the NPD records, while setting records were used for the MDES calculations in the

Statistical Analysis Plan (Nolan and Taylor, 2020).

°There was one school in the intervention arm and one in the control arm that did not have any FSM-eligible learners, so the number of clusters in the
FSM subgroup is smaller than the number for the overall sample.

’Id. from footnote 10.

&This figure was 3,240 in the Statistical Analysis Plan (Nolan and Taylor, 2020). The difference in the number of observations is because three colleges
that were in the treatment group included 166 students in their first lists used for randomisation who should not have been included in the study, as they
were never taught by teachers taking part in Maths-for-Life. This was detected in the follow-up with the settings and the students were excluded from the
study. Additionally, three students that changed their name were duplicated with different names in the student records and the duplicates were

subsequently dropped.

hThe difference in total students between treatment and control groups is driven by a higher average number of students per setting in the treatment
group (65) relative to the control group (55). However, we conducted balance checks, and this difference was not statistically significant at

randomisation.

This number falls to 5,456 when ineligible learners (those who passed their November 2018 resits immediately after intervention launch) are excluded.

This exclusion was pre-specified.
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Justification for the assumptions in Table 6 above are as follows:

o Alpha and power. We used standard assumptions of 80% statistical power and 5% significance level.

o Pre-/post-test correlations. In the protocol and randomisation stages, we assumed that 50% of the
variance in primary outcome would be explained by previous Key Stage 2 and Key Stage 4 attainment in
mathematics (for the whole sample and the FSM subgroup). Given that the literature in this domain is
quite sparse, there were no formal correlations available to use. Menzies et al. (2021) estimate the
correlation between Key Stage 2 and Key Stage 4 Maths examinations at 0.7, using 2019 data from the
DfE. We made a conservative estimate of 0.5. At the analysis stage, we adjusted this assumption based
on our data. We calculated the R*2 for the baseline covariates by regressing the two covariates on our
outcome and obtained the correlation as the square root of the R*2. We found that the correlation
coefficient was 0.55 for the full sample and 0.56 for the FSM sample, which were slightly higher than our
previous assumptions.

e One or two-sided test. A two-sided test was performed to be conservative.

e |ICC.Weassumed 0.2 atthe protocoland randomisation stages based on previous BIT further education
trials (Hume et al., 2018). The ICC at the setting level for the analysis stage was half the size and
calculated with a one-way analysis of variance (ANOVA) at 0.08 for the full sample and 0.09 for the FSM
sample.

e Student attrition. We assumed 20% of attrition in the protocol and randomisation. The attrition rate at
the analysis stage was 47.78%, much higher than the initial assumptions. This was both from loss of
students and loss of settings after randomisation and at the analysis stage (due to missing covariates).
See the participant flow diagram in Figure 2 and ‘Attrition’ subsection in the ‘Impact evaluation results’
section below for a discussion on the attrition in the trial.

e Outcome distribution. We assumed Key Stage 4 GCSE Maths outcomes followed a normal distribution
with amean UMS score of 50, and a standard deviation (SD) of 20. This assumptionis based on a number
of sources, namely: Ofqual data on distribution of numerical grades (1-9) (Ofqual Analytics, 2017); the
Key Stage 4 GCSE Maths pass rate of 73% (Murray, 2017); and the following average raw-score grade
boundaries: grade 4 — 33; grade 3-17; and grade 2 - 10 (Pearson Edexcel, 2015). At the analysis stage,
the mean and SD of the primary outcome in the control group were 32.60 and 7.94.

o Homogeneous treatment effect. For the simulations at the protocol stage, we assumed the simulated
treatment effect to be uniform across all participants in the treatment group, as there was not, ex ante,
any empirical reason to assume any particular different functional form.

e Percentage of FSM students in schools and colleges. At the protocol stage, we assumed 20% of FSM
students in schools and 30% in further education colleges.'> For the sample calculations at
randomisation in the Statistical Analysis Plan (Nolan and Taylor, 2020), we collected the FSM status
directly from the settings. During the collection process, the settings flagged that the FSM status was
difficult to provide, and they were unsure of the accuracy of their data. Table 6 above, shows the
updated calculations at the randomisation stage,' where we used the data on FSM status from the
NPD. At randomisation, 31.77% of students across all settings were eligible for FSM. This percentage at
the analysis stage was 33.54%.

Even though the number of recruited students was bigger than what was indicated at the protocol stage, the MDES was
bigger at the randomisation stage (0.30 in Hedges’ g) compared to the protocol stage (0.15 in Hedges’ g). This was because

2 A conservative estimate revised upwards from the standard of 20% given further education college students are drawn from
disproportionately disadvantaged backgrounds.

3 The cluster sizes of FSM learners at randomisation and the MDES in this report are different from the sizes reported in the Statistical
Analysis Plan (Nolan and Taylor, 2020) because we used the FSM status from the NPD records, while setting records were used for the
MDES calculations in the Statistical Analysis Plan (Nolan and Taylor, 2020).

21



Maths-for-Life
Evaluation Report
ten fewer settings/clusters were recruited than specified in the pre-trial power analyses, and the real distribution of
settings/cluster sizes was used at the randomisation stage instead of a simulated one.

The MDES at the analysis stage was 0.20 for the primary outcome analysis and 0.25 for the FSM subgroup analysis. This was
2/3 of the MDES at randomisation stage. The substantially lower ICC of the outcome at the setting level, compared to what
we assumed at randomisation, may have contributed to this difference. However, an effect of 0.2 SD is still large compared
to the estimated mean average effect size in the EEF trials, which is 0.04 SD (Demack et al., 2021),"* and the MDES assumed
at the design stage (0.15 SD). The trial may therefore, have been underpowered for the primary analysis and the FSM
subgroup analysis. However, the EEF (and other What Works Centres) still considers 0.20 SD to be a benchmark of a
meaningful effect (representing three months of additional progress).

Randomisation

Randomisation was clustered at the setting level and stratified by setting type. Setting type was established as a binary
variable indicating whether the setting was either a further education college or sixth-form college/school/training provider.
The grouping of the setting types into two categories was done because further education colleges had a much bigger
number of students than the other three setting types. Average cluster size at randomisation was 73 students per further
education college, and 30 per sixth-form college/school/training provider (see Table 6 above).

Randomisation was done by BIT researchers using statistical software Stata 14, while recruitment was carried out by the
University of Nottingham. After recruitment, settings sent their teacher and class lists to BIT in September 2018 and BIT
randomised all settings into the treatment and control group, stratifying by type of setting as indicated above.

Statistical analysis
All analyses were carried out using the statistical software Stata 14. The analysis plan is described in the following sections.

Primary analysis

Primary analysis was done on an ITT basis in which we tested the hypothesis that having a teacher that was assigned a place
on the programme had an effect on student performance. Analysis was carried out using an ordinary least squares (OLS)
regression, specified below.

Yis = ﬁo + ﬁlTis + aXis + &5 (1)
where:

e Y, is the outcome for the Key Stage 5 GCSE Maths resit performance for individual i, in setting s,
measured by UMS score.

e Ti is a binary indicator for the treatment assignment for individual i in setting s (1 if the setting s is
assigned to treatment and 0 if not).

e X isavector ofindividual-level and setting-level covariates including a categorical variable for the type
of setting (further education college, sixth-form college, school, and training provider), baseline
attainment (measured through both Key Stage 2 raw maths scores and Key Stage 4 GCSE Maths grade),
and a dummy variable for whether a student was a recipient of FSM.

e ¢ isthe cluster-robust error term, for individual i, in setting s, clustered at the setting level (assuming
the errors are correlated within setting and reflecting the design of the study).

“This analysis pooled a lot of different interventions, age groups, and subjects, soitis not directly comparable, but still provides a helpful
reminder that it is difficult for an intervention to have a large effect in the English education system.
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While UMS scores are bounded between 0 and 100, we assumed that the response to the treatment would be locally linear
so an OLS would be appropriate (in any case OLS gives the best linear approximation).

The above model did not account for any class-level clustering effects, only for setting-level correlation. We opted to use an
OLS regression as opposed to random effects specifications as random effects models require strict exogeneity of the
regressors with the error term. Because of the difficulty in ensuring that all these factors are strictly exogenous, OLS was
considered a safer choice as it can still provide unbiased estimates under weaker assumptions.

Additionally, in the design stage, we assumed that students could switch classes throughout the year, and class
composition could change, which would dilute any clustering effect at this level. However, not accounting for class-level
clustering might impact our standard errors, so we also ran a Hierarchical Linear Model (HLM) as a robustness check that
incorporates the multilevel clustered nature of the data into the specification. In the ‘Impact evaluation results’ section
below, we compare the results from our HLM against our primary analysis.

Secondary analysis

For the secondary outcome analysis, we used the same model specified for the primary outcome (an OLS on ITT, with the
same covariates, and standard errors clustered at the setting level) but changed the dependent variable Y;sto Key Stage 5
GCSE Maths pass rate and to the self-efficacy in maths mean survey score.

We chose to fit a linear model as opposed to a logistic regression for our binary outcome measure (Key Stage 5 GCSE Maths
pass or fail) as we anticipated a sample average for the pass rate close to 28%. At this point of the distribution (far from the
tails), a linear model would approximate the results returned from a logistic regression and has the advantage of easier
interpretation of parameter estimates. Even though the sample average for the control group was closer to 0 than expected,
at 13%, the results remained qualitatively unchanged by using a logistic regression. This can be seen in Appendix J, which
compares the results using logistic regression and linear regression to estimate the treatment effect on the binary GCSE
Maths pass/fail rate. Given the binary nature of the data, instead of Hedges’ g, we standardised the effect size using the Cox
Index.™

Analysis in the presence of non-compliance

We employed an instrumental variable approach to estimate the Complier Average Causal Effect (CACE), to check for the
potential dilution of the treatment effect caused by one-sided non-compliance, where some individuals assigned to
treatment do not participate.

For this trial, a student was defined as compliant if all Maths-for-Life teachers in their setting taught at least three Maths-
for-Life lessons. Due to the unavailability of identifiers to link dosage data from teachers to their students, compliance had
to be defined at the setting level, which represents a limitation of this approach.® It is important to note that our measure
of compliance is both:

e based on self-reported data,’ and therefore, may not accurately reflect teachers’ fidelity to the
programme; and

e did not reflect whether a student received the treatment, as we did not have student attendance
records, so we did not observe whether any given student had attended that class.

5 The Cox Index is calculated as Cox Index = beta / 1.65, where beta is the estimated treatment coefficient in the logistic regression and
represents the difference between the log-odds ratio of the control and intervention group, adjusted for covariates.

18 This definition of compliance was a deviation from the Statistical Analysis Plan (Nolan and Taylor, 2020). See Appendix S, for more
details.

7 The data was collected by lead teachers from class teachers at cluster training days. Class teachers were asked to complete a
register that logged whether or not they had delivered the lesson for that period for any given class that they teach. This data was used
by the University of Nottingham to monitor delivery and sent to BIT at the end of the project for use in the CACE analysis.
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i

However, this is the only feasible compliance indicator that has been identified.
We estimated the CACE using a two-stage least squares (2SLS) approach. We estimated the following model:

Zis = Vo + v1Tis + 6X;s + u;s (First stage)

Yie = Bo + B1Z:isZ;s + aX;s + € (Second stage)
where:

e Tsis abinaryindicator for the treatment assignment (1 if the setting s is assighment to treatment and 0
if not).

e 7 is a binary variable equal to 1 if all teachers in settings delivered at least three lessons to all their
classes.

A

. Zl-le-s is the predicted compliance indicator with the programme from the first stage.

e Xiis avector ofindividual-level and setting-level covariates including a categorical variable for the type
of setting (further education college, sixth-form college, school, and training provider'®), baseline maths
attainment (measured through both Key Stage 2 raw maths scores and Key Stage 4 GCSE Maths grade),
and controlling for whether a student was a recipient of FSM.

e Uu;s are Newey-West robust standard errors.

o &;s¢;; are Baum-Schaffer-Stillman 2SLS errors.

e Y, is the outcome for the Key Stage 5 GCSE Maths resit performance for individual i, in setting s,
measured by UMS score.

The percentage of students in compliant settings in the randomisation sample and analysis sample is reported together
with the model results, as well as the unadjusted means for compliant and non-compliant students.

Missing data analysis

We started with reporting the number of complete observations (those without any data missing) for all three outcomes, the
number of eligible observations with outcome data, and the rates of missing data for all covariates in the primary analysis
sample. This identified the following types of missing data:

e missing pre-treatment covariates; and

e missing outcome data.

Altz and Grimes (2002) suggest that, when less than 5% of data is missing, there is likely to be little bias introduced to
estimated treatment effects. We have adopted this threshold here as an indicator of potential bias in the analysis that
justified conducting further missing data analysis outlined below.

Missing pre-treatment covariates

As baseline attainment covariates were missing for more than 5% of the primary outcome sample, we tried to establish
which variables were predictive of the missing data. To do this, we created a new variable that is a binary indicator of

8 The category ‘training provider’ was not included in the trial protocol (Nolan et al., 2020) as it was not anticipated, but the developer
has recruited a small number of these settings, so we have added it here.
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missingness and looked for its predictors using a logistic regression model. Missing Key Stage 2 attainment data was
modelled as follows:

M;s ~ binomial(p;); logit(pis) = Po+ PiX1 + Boxz + Bsxz + Paxs (2)

where:

e M isthe binary variable for missingness (equal to 1 if missing and O if not missing).
® p;s isthe probability that a given observation is missing the Key Stage 2 Maths score.
e x, isthe FSM eligibility variable.

e X, isthe Key Stage 4 GCSE Maths grade.

e X;isthe categorical variable for the setting type.

e X, isthe binaryindicator for treatment allocation.

The same model was used to model missingness for the Key Stage 4 GCSE Maths grade, substituting Key Stage 4 GCSE
Maths grade for Key Stage 2 Maths score in the specification above.

Where both Key Stage 2 Maths score and Key Stage 4 GCSE Maths grade were missing, the following model was used,

M;s ~ binomial(p;s); logit(pis) = Bo+ Bix1 + Bsx + Paxas (3)

where:

e M, isthe binary variable for missingness (equal to 1 if missing and 0 if not missing).

® p;s is the probability that a given observation is missing both Key Stage 2 Maths score and Key Stage 4
GCSE Maths grade.

e X, isthe EVER6_FSM_P variable.
e x5 isthe categorical variable for the setting type.'®

e X, isthe binaryindicator for treatment allocation.

As an exploratory analysis, we re-ran the models including age as another covariate. The results of all logistic regressions
are discussed in the subsection ‘Missing data of pre-treatment covariates’ in the ‘impact evaluation results’ section below.

We conducted sensitivity analyses to assess the impact of including and excluding the baseline attainment variables with
missing observations and used null imputation with the missing indicator method to analyse the full sample. Lastly, we
estimated a model with no covariates apart from the stratification variable (setting type) and compared the results to the
main specification.

9 Please note: x, is excluded to keep consistency with the previous models specified above.
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Missing outcome data

Primary outcome data was missing for 2008 out of 5,806 students randomised. Of which, 350 of these missing observations
were learners who passed their GCSE Maths resits in November 2018, immediately after intervention was launched. These
learners were classified as ineligible for the trial, so not missing in the same sense as the remainder. No intermediate
outcomes were identified at the design stage as appropriate to use to impute primary outcome data. Observations with
missing primary outcome data were therefore, dropped from the primary analysis and a complete case analysis was run.

As an exploratory analysis, in the ‘Attrition’ subsection in the ‘Impact evaluation results’ section below, we investigated the
reasons for missing primary outcome data. We tabulated all the different reasons that were reported by settings when they
sent the final exam data to BIT, separated by treatment and control settings, in addition to the number of students that did
not sit the exam for other reasons, and the number of missing outcome observations due to setting-level attrition.

The primary outcome had an attrition rate of 48%, which poses a significant risk of bias in the effect size estimates, even
though it was relatively balanced (47% in the intervention group and 49% in the control group). When the learners who
passed their November 2018 resits are excluded, the rate of attrition improves to 42% (but this remains a very high
proportion). To assess how this attrition might have affected the results, we repeated the analysis for the GCSE Maths pass
rate (one of the secondary outcomes), using only the students who were included in the primary outcome analysis. The full
sample for the pass/fail rate had a considerably lower attrition rate of 25%, as it includes students who took the exam, but
whose raw scores could not be retrieved due to data collection issues (the four settings not returning the data). By
comparing the results from the restricted sample (matching the primary outcome sample) with the full sample of students
who sat the exam, we wished to determine whether the difference in attrition rates affects the effect sizes and the direction
of potential bias.

Note that this analysis does not address attrition from students who did not take the exam but rather highlights bias arising
from data collection issues or settings dropping out of the trial.

Subgroup analyses
FSM subgroup analysis

We conducted an analysis on the primary outcome for the subgroup of learners who were registered for FSM according to
data from the NPD. To identify FSM eligibility, we combined two variables from the NPD to minimise the missingness:
EVERFSM_6_P, the variable that was specified in the Statistical Analysis Plan (Nolan and Taylor, 2020), and
EVERFSMage10to15 from the YPMAD, which were missing for 700 and 162 participants, respectively.?° By complementing
the data with YPMAD, we could collect data on FSM status for an additional 538 students.

We used the same model as our primary analysis, with the addition of an interaction term between treatment assignment
and FSM status to assess whether there was a significant difference in the treatment effect between FSM students and

others, captured by f5,:

Yis = Bo + BiT; + BTy X FSMis + aX;s + &5 (4)

e Y, is the outcome for the Key Stage 5 GCSE Maths resit performance for individual i, in setting s,
measured by UMS score.

20 EVERFSM_6_P indicates that the student had been recorded as FSM-eligible in the last six years, while EverFSMage10to15 = 1
indicates that the student had been recorded as FSM-eligible in at least one School Census or Pupil Referral Unit (PRU) Census or
Alternate Provision (AP) Census from age 10 up to age 15. EVERFSM_6_P was not available for mature learners (aged 19+) (i.e. it was
always set to 0).
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e T, is a binary indicator for the treatment assignment for individual i (1 if the student is assigned to
treatment and O if not).

e FSM; is a dummy variable for whether a student was a recipient of FSM.

e Xiisavector ofindividual-level and setting-level covariates including a categorical variable for the type
of setting (further education college, sixth-form college, school, and training provider), baseline
attainment (measured through both Key Stage 2 raw maths scores and Key Stage 4 GCSE Maths grade),
and a dummy variable for whether a student was a recipient of FSM.

e ¢ isthe cluster-robust error term, for individual i, in setting s, clustered at the setting level (assuming
the errors are correlated within setting and reflecting the design of the study).

Additionally, we estimated the treatment effect on the primary outcome for the subsample of participants who had been
eligible for FSM and compared this to the estimated treatment effect for those not eligible for FSM. This was done by
estimating the regression model in the primary outcome analysis for each of these two groups.

Subgroup analysis by setting type

We conducted an analysis on the primary outcome by setting type to assess whether there was a significant difference in
the treatment effect between students in different setting types. We used the same model for the FSM subgroup analysis
directly above but changed the interaction between treatment assignment and FSM status to an interaction between
treatment assignment and a categorical variable for the type of setting (further education college, sixth-form college,
school, and training provider). The results were reported as the estimated marginal effect in Hedges’ g for each category of
setting.

Additional analyses and robustness checks
Estimation of a multilevel model

We conducted robustness checks for all primary and secondary analyses using a HLM, an augmented OLS specification
that explicitly accounts for the hierarchical structure of the data. While the main model already clustered standard errors
at the setting level, ensuring the treatment effect’s confidence intervals (Cls) accounted for clustering, the HLM provided
additional insights by partitioning variability at multiple levels (settings, classes, and individuals). This allowed us to quantify
the contribution of each level and explore cross-level interactions, which OLS with clustered errors cannot capture.

The HLM requires strict exogeneity of random effects and fixed predictors, which can be assumed for the treatment
assignment due to randomisation at the setting level. Our primary specification employed a random intercepts model,
allowing average scores to vary by class and setting, rather than a random slopes model, where treatment effects would
vary by class and setting. Model fit was evaluated using the Bayesian Information Criterion (BIC), which indicated that the
random intercepts model provided a better fit for all three outcomes.

We estimated the following model:
Yies = Bo + N + 75 + BT + aXis + &5 (5)

ne ~ N(O, 0(:2); Ts NN(O'O_SZ) (5)

where:

o Yisisthe outcome forthe Key Stage 5 GCSE Maths resit performance for individuali, in class c, in setting
s, measured by UMS score.

e T, is a binary indicator for the treatment assignment for individual i (1 if the student is assigned to
treatment and 0O if not).

27



Maths-for-Life
Evaluation Report
e Xiisavector ofindividual-level and setting-level covariates including a categorical variable for the type

of setting (further education college, sixth-form college, school, and training provider?'), baseline

attainment (measured through both Key Stage 2 raw maths scores and Key Stage 4 GCSE Maths grade),

and a dummy variable for whether a student was a recipient of FSM.

* & istheidiosyncratic standard-error for individual i, clustered at the setting level.
e [, isthe average intercept.

e 7, isthe errorfor the setting level.

e 7. isthe errorforthe class level.

The same model was used for the two secondary outcomes, replacing Y by the relevant outcome.

For some settings, we only had one class of students; therefore, we could not estimate distinct class and setting-level errors
for those. It must also be noted that for settings that had two teachers participating in the programme, there may be an
additional clustering effect at the teacher level. Unfortunately, there were too few settings for which this is the case to
include this as an additional component of the estimated error term.

The ICC at the setting and class levels were obtained using post-estimation commands and are reported with the main
results.

Exploratory analysis: FSM subgroup analysis with GCSE pass rate

Since the secondary outcome of GCSE pass rate was less affected by the high-attrition rates seen in the primary outcome,
we conducted the FSM subgroup analysis on this measure to gather further evidence of the difference in GCSE resit exam
performance between FSM and non-FSM students.

Exploratory analysis: Re-estimation of the GCSE pass rate using a logistic regression

We re-estimated the model for the GCSE pass rate, treated as a binary variable, using logistic regression. This was necessary
because the baseline pass rate was lower than expected (13% vs 28%). We wanted to check if the results changed
significantly due to non-linearity of the predicted outcome, which would indicate a poor fit of the OLS model.

Appendix J shows the results using logistic regression to estimate the treatment effect on the binary GCSE pass/fail rate.
Given the binary nature of the data, instead of Hedges’ g we standardised the effect size using the Cox Index. The Cox Index
is calculated as Cox Index = beta / 1.65, where beta is the estimated treatment coefficient in the logistic regression and
represents the difference between the log-odds ratio of the control and intervention group, adjusted for covariates.

The results were similar to the main results obtained by the linear regression models, showing a good fit of the OLS model.

Estimation of effect sizes
All effect sizes in this report were expressed in terms of Hedges’ g, using the following formula:

M, — M,

= *
SDpooled

ES

Where M, — M, isthe difference in the adjusted mean values of the outcome between the treatment group and control group,

as estimated by the relevant coefficient ([?1) in a regression model, and the denominator is the pooled SD calculated as:

21 The category ‘training provider’ was not included in the trial protocol (Nolan et al., 2020) as it was not anticipated, but the developer
has recruited a small number of these settings, so we have added it here.
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Tl1 + le - 2

* —_—
SDpooled -

where:

e 7, is the effective number of observations analysed in the treatment group, accounting for the design
effect due to clustering.

* 7, isthe effective number of observations analysed in the control group, accounting for the design effect
due to clustering.

e SD; isthe SD of the outcome variable in the treatment group.

SD, is the SD of the outcome variable in the control group.

Estimation of ICC

We estimated the ICC using a one-way ANOVA model at the school and class levels.?2 This was done post-test, as we did
not collect a pre-test primary outcome but instead used Key Stage 2 scores and Key Stage 4 grades from the NPD for the
baseline attainment covariates. Calculating ICCs pre-test was not valid because the trial took place in post-16 institutions,
and many students had changed institutions between Key Stage 4 and Key Stage 5.

IPE

Introduction

This section details the research questions, methods, and sampling strategy that were adopted for the IPE. The research
questions were developed and prioritised, guided by the pilot evaluation findings and the outputs of the IDEA workshop.
This led us to focus on six domains: fidelity; dosage; responsiveness; programme differentiation; quality; and causal
mechanisms. The pilot evaluation also allowed us to test a range of methods for their feasibility during this trial. Based on
this, we chose a sequential mixed-methods approach, combining quantitative administrative and survey data with a set of
qualitative case studies.

Methods

A mixed-methods approach was taken to data collection, combining evidence from interviews, observations, surveys, and
administrative data. The approach was sequential, so that findings from each stage were used to inform the approach to
subsequent stages (Teddlie and Tashakkori, 2009, p. 120). For example, themes that emerged from early observations were
used to refine the design of interview and observation guides for later visits. A case study approach was taken to the
qualitative data collection.

Administrative data

Dosage data was collected at two levels. The project leads from the University of Nottingham collected a session log that
recorded the number and duration of Lesson Study sessions delivered by each lead teacher. Class teacher attendance rates
were also recorded for each session. Lead teachers collected a lesson log that recorded the number and duration of lessons
delivered by each class teacher for each of their Maths-for-Life classes. The number of lessons delivered by each class
teacher was used for the compliance indicator in the CACE analysis (see above).

22 The Statistical Analysis Plan (Nolan and Taylor, 2020) established that ICC would not be calculated at the class level as
randomisation was done at the setting level. However, we have included it as it is useful information for future trials.
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Online surveys

A brief quantitative survey was issued to lead teachers at the end of the intervention to provide data on fidelity and the
perceived responsiveness of class teachers. A more extensive quantitative survey was issued to class teachers at the end
of the intervention, covering all research themes except dosage. Intervention and control group teachers were also asked
to complete a brief quantitative survey to establish whether or not they engaged in intervention-like activities during the
period of the trial (for intervention group teachers, these questions were integrated into their wider survey).

Case studies

To gather in-depth qualitative insights across all themes of the IPE, six case studies were conducted, combining
observations of PD sessions and Maths-for-Life lessons with interviews with lead teachers, class teachers, and students.
The unit of case study was a setting, and case studies were situated within two regional clusters (three per cluster). The
sampling strategy is described below.

Observations

Six semi-structured lesson observations were carried out (one per setting). These observations focused on quality, fidelity,
responsiveness, and causal mechanisms, and used an observation framework based on the Maths-for-Life ‘five key
pedagogies’ (to assess quality), the relevant lesson plan (to assess fidelity) and the logic model (to assess causal
mechanisms). See Appendix K for a copy of the lesson observation guide. One PD session was observed in each of the two
regional clusters, covering the same topics as the lesson observations. These observations were also semi-structured,
using a set of four facilitation skills developed with the University of Nottingham (to assess quality), the lead teacher
facilitation plan (to assess fidelity), and the logic model (to assess causal mechanisms). See Appendix L for a copy of the
PD observation guide. The researcher who carried out these observations (of both classroom and PD sessions) has
experience of designing and teaching classes that use a dialogic approach in a range of post-16 settings, as well as
experience of training professionals to teach classes using this approach. This researcher also led the pilot evaluation, so
had developed a good understanding of the intervention.

Interviews

Semi-structured interviews were conducted with lead teachers, class teachers, and students, covering their perceptions of
fidelity, quality, responsiveness, and causal mechanisms. The two lead teachers and six class teachers who were observed
were interviewed for approximately 45 minutes each, after their observation. Approximately, five students were interviewed,
one to one, from each case study setting (29 students in total). See Appendices M, N, and O for copies of the interview
guides.

Table 7: IPE methods overview

Data collection Participants / data Data analysis Research questions  Implementation / logic
Research methods
methods sources methods addressed model relevance
. Students (29) Deductive coding; Fidelity; responsiveness;
Semi-structured . ) . .
. . Class teachers (6) inductive coding; 1,3,5,6 quality; causal
interviews ) A .
. Lead teachers (2) thematic analysis mechanisms
Case studies L .
Fidelity; responsiveness;

Semi-structured Lessons (6)

observations PD sessions (2) Thematic analysis 1,3,5,6 quality; causal

mechanisms
Class teachers:
Intervention group

Online (64) Descriptive

Fidelity; responsiveness;
quality; causal

Surveys - . - 1,3,4,5,6 mechanisms;
questionnaires Class teachers: statistics orogramme
Control group (46); : me

Lead teachers (14) differentiation

Session log (for

Class teachers:
class teacher

Intervention group

Administrative data attendance); (84) DesF: I‘I.ptlve 2 Dosage
Lesson log (for . statistics
> Lessons (five per
lesson delivery
class)

rate)
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Sampling strategy
All lead teachers, class teachers, and control teachers were asked to complete the relevant online survey. For the
qualitative elements of the study, sampling was purposive, with units selected for variation on characteristics that were

thought to be particularly relevant to the research questions. Six settings were selected for case studying on this basis.
Sampling of these settings was carried out by the researchers, aiming for variation in the following characteristics.

e Perceived lead teacher ability (according to project leads).

e Classteacher engagement (as defined by PD attendance and lesson delivery).

e Setting type (further education college, sixth-form college, school, and training provider).

Within each case study class, the class teacher selected five students for interview who varied in their level of engagement
with the intervention. This yielded the following sample.

Table 8: IPE sample

Sampling unit Sample size

Case studies

Lead teacher 2
Class teacher 6
Setting 6
Maths-for-Life class 6
Student 29
Endpoint surveys

Lead teacher 14
Class teacher (intervention) 64
Class teacher (control) 46

The purposive approach to sampling has important implications for the analysis and findings. The aim of this sampling
method is to capture the range and diversity of experiences in relation to the research questions. Importantly, this approach
isnotintended to generate a sample thatis statistically representative of either the study population or the wider population
from which the total study sample was drawn. As such, reporting the prevalence of an experience in the qualitative findings
‘tells us nothing about the prevalence within [either] population’ (Ritchie et al., 2014, p. 329). Furthermore, qualitative
methods, by their nature, do not collect data in the structured way that is necessary for quantitative aggregation. Thisis in
contrast, for example, to structured survey questionnaires, which collect responses in fixed categories that can be
aggregated. The reporting of frequency counts in relation to qualitative findings is therefore, carefully avoided as such
counts are at best uninformative and at worst misleading.

Analysis
Three types of data were analysed forthe IPE: administrative data; qualitative case study data (interviews and observations);
and survey data.

Administrative data analysis

Two pieces of administrative data were analysed to understand compliance and dosage: class teacher lesson logs; and
lead teacher session logs. The analysis of class teacher session logs is described in the section on CACE analysis above. To
explore dosage, we calculated the following descriptive statistics.

31



Maths-for-Life
Evaluation Report

Dosage for teachers:

e 9% teachers who participated in all PD.
e Mean average and range number of planning sessions attended.
e Mean average and range number of lesson observations attended.

e Mean average and range planning session length.

Dosage for students:

e 9 teachers who taught all five lessons.
e Mean average and range of number of lessons taught.
e Mean average and range of lesson length.

Qualitative case study data analysis

Qualitative data from the interviews and observations were analysed thematically using the framework approach, which
allows in-depth exploration of the data by case and by theme (Ritchie et al., 2014). This consisted of creating a matrix in
which to organise the data, based on the topic guides and observation proformas. Data was summarised and displayed in
the matrix. This was followed by working through the managed data to draw out the range of behaviours, experiences, and
views, while identifying similarities, differences, and links between them.

Survey data analysis
Survey responses were summarised with percentages of the respondent samples falling into relevant categories. For
example, on the topic of quality, we calculate:

e 9% classteachersrating the PD as good or excellent.

e 9% classteachers reporting that the lead teacher was a good facilitator.

e 9 class teachers reporting that their lead teacher had the right professional experience for the role.

o 9 classteachersreporting that their lead teacher had strong understanding of Maths-for-Life pedagogy.

e 9% classteachers reporting that their lead teacher believed in Maths-for-Life pedagogy.

For the lead teacher survey, the sample covered the whole population of lead teachers but was small (N=14). To account
for this, we calculated counts as well as percentages.

This analysis was conducted after qualitative analysis was completed and then triangulated with the qualitative findings
during reporting.

Costs

Information on the cost of the intervention was collected from two sources. The University of Nottingham provided the
amount that it received from the EEF to subsidise delivery of the intervention. Participating settings provided estimates of
the costs thattheyincurred as a result of participation in the intervention. For the latter category, semi-structured interviews
were conducted with six class teachers (three from further education colleges, one from a school, one from a sixth-form
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college, and one from a training provider), where teachers were supported to create an itemised list of costs and how they

were calculated. These interviews were carried out over the telephone after the end of the intervention. The settings varied
substantially in the number of learners participating in the intervention, so the following approach was taken to calculating

the cost per learner per year (over three years).

1. Calculating the average direct marginal cost to a setting per learner per year:

a. Aperlearnerfigure was calculated for each direct marginal cost reported by each interviewed setting.

b. A mean average was calculated for each of these per learner figures.

2. Calculating the value of the EEF subsidy per learner per year:

a. The totalvalue of the EEF subsidy was divided by 50 (the number of settings in the intervention group) to give

a per setting figure.

b. This figure was divided by three (as no subsidy is required in years two or three) and then by the average

number of learners per setting in the interviewed sample. This gave a figure for the EEF subsidy per learner

per year, over three years.

3. The costs calculated in (1) and (2) above, were then summed up, to give an average cost per setting per year, over

three years.

Timeline

Table 9: Timeline

Dates

09 April 2018

29 June 2018

By end of July 2018

11 October 2018

12 October 2018

W/C 15 October 2018

W/C 13 November 2018

Autumn Term 2018

01 December 2018

Spring Term 2019

Activity

IDEA workshop

Introductory session for all participating
teachers

All settings (further education colleges, sixth-
form colleges, schools, and training providers)
were recruited

Settings provided data for all students
participating in the trial

Settings were randomly allocated to two groups

by BIT, balance checks were conducted and
settings were then informed of their allocation

Intervention began (PD programme), IPE
commenced

Settings provided updated data for students
participating in the trial

Project lead session log data collection
Lead teacher lesson log data collection
Sampling of case studies

BIT collected baseline data from the NPD for
Cohort 1

PD observations
Lesson observations
Interviews

Endpoint online IPE surveys

Staff responsible / leading

BIT, the EEF, University of Nottingham

Geoffrey Wake, Matt Woodford

Geoffrey Wake, Matt Woodford, Sheila Evans

David Nolan, Louise Jones

David Nolan

Geoffrey Wake, Matt Woodford, Sheila
Evans, Patrick Taylor, Jessica Heal

David Nolan, Louise Jones

Geoffrey Wake, Matt Woodford, Sheila Evans
Geoffrey Wake, Matt Woodford, Sheila Evans
Patrick Taylor, Jessica Heal

David Nolan, Louise Jones

Patrick Taylor, Jessica Heal
Patrick Taylor, Jessica Heal
Patrick Taylor, Jessica Heal

Patrick Taylor, Jessica Heal
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30 May 2019

24 June 2019
02 July 2019

01 September 2019 - 01 December 2019

01 December 2019 — December 20242

10 April 2025
TBC

TBC

BIT collected secondary outcome data (self-
efficacy survey)

Intervention ended
Students sat GCSEs

BIT collected primary outcome data (raw scores
from settings)

BIT collected secondary outcome data (student
grades) from the DfE

BIT submitted draft report to the EEF
The EEF peer review and feedback completed

The EEF and BIT published the report

8There were substantial delays in accessing NPD data from the DfE.
N/A=not applicable; TBC=to be confirmed; W/C=week commencing.

David Nolan, Louise Jones, Bridie Murphy

Geoffrey Wake, Matt Woodford, Sheila Evans
N/A

David Nolan, Louise Jones, Bridie Murphy

David Nolan, Louise Jones, Neus Torres-Blas

Patrick Taylor, Neus Torres-Blas
The EEF, peer reviewers

The EEF
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Impact evaluation results

Participant flow including losses and exclusions

Figure 2: Participant flow diagram (two arms)
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Figure 2 shows the participant flow diagram for the primary outcome analysis. Some exact numbers have been suppressed
following guidelines for the extraction of data from the ONS SRS. As indicated in Figure 2, the treatment assignment was
randomised in September 2018 to 100 settings. Of which, 50 settings were assigned to the control arm, and 50 other settings
to the treatment arm. At that moment, the number of students in the trial was 5,806 with 3,071 in the treatment arm and
2,735 in the control arm. The difference in total students between treatment and control groups was driven by a higher

average number of students per setting in the treatment group relative to the control group. However, we conducted balance
checks and this difference was not significant at the 5% level.

Please note the reported numbers differ from those noted in the trial protocol (Nolan et al., 2020) and Statistical Analysis
Plan (Nolan and Taylor, 2020), which recorded 5,975 students at randomisation, with 3,240 in treatment settings and 2,735
in control settings. This discrepancy arises from two main factors. First, 166 students from two treatment settings were
mistakenly included in the original class lists, as they belonged to classes taught by teachers not participating in Maths-for-
Life. Once the updated class lists were received by researchers, these students were excluded from any post-randomisation
analysis and do not appear in the sample calculations or participant diagram of this report. Second, two students were
identified as duplicates in the data, recorded under different names—a discrepancy flagged by the colleges.

In November 2018, some students registered for the trial participated in the winter resit season. Since the intervention began
in mid-October 2018, the 350 students who passed the exam in November 2018 did not receive the intervention and were
excluded from the analysis. The exam results were released in January 2019, and updated student lists were provided by
the settings in May 2019. This adjustment is shown in Figure 2 under ‘Follow-up’, leaving a total of 5,456 students in the trial
after follow-up.

At post-test data collection, five treatment settings and three control settings did not send outcome data to BIT, without
providing a reason. Out of those, one school in the control group and one in the treatment group (2% of all settings) dropped
out of the trial so they did not send the data, and one setting only sent the GCSE grades instead of the raw marks, so the
primary outcome (the UMS score) could not be computed for their students. All this resulted in 469 students missing
outcome data for the analysis.

The rest of the primary outcome missing observations resulted from individual student attrition. Students left their college
or withdrew from the study for a range of reasons, as reported by the settings. These could include employment, maternity
leave, being expelled, no longer studying maths, moving to Functional Skills?® Maths, refusing to resit the exam, or being
older than 19, so they were no longer under the obligation of sitting the GCSEs, among others. See the following section on
‘Attrition’ for a more detailed breakdown of the reasons for attrition in the trial.

The final number of students included in the primary outcome analysis, after excluding observations because of missing
covariates, was 3,032 with 1,631 in the treatment group and 1,401 in the control group. This means 52% of students were
lost from randomisation to analysis of the primary outcome, which is a high level of attrition.

The resulting MDES at the randomisation and analysis stages are reported in Table 6 above. For the primary outcome, these
were 0.30 SD and 0.20 SD, respectively. This contrasts with the MDES of 0.15 SD assumed at the design stage. The trial was
underpowered to detect an effect with a high degree of confidence, primarily due to high attrition—48% compared to the
20% assumed at the design stage.

The first secondary outcome, the GCSE pass rate, was collected from administrative data, as opposed to the primary
outcome, so attrition is lower (25%). We coded all observations that did not have a GCSE 2019 as 0 (‘did not pass’), so we
did not have missing data.

28 Functional Skills are an alternative qualification to the GCSEs, which are assessed on a pass or fail basis, and which focus on more
practical skills. Level 2 Functional Skills are equivalent to a C grade in GCSEs and can be taken as an alternative.
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Out of the total 5,806 students randomised in the trial, 4,653 sat the GCSE Summer Term 2019 exam, representing 80.1%
of the total sample at randomisation. This included 2,555 students from the treatment group and 2,098 students from the
control group. Conversely, 803 students did not sit the exam, accounting for 13.8% of the total. This group comprised 365
students from the treatment arm and 438 from the control arm. The rest of students with no GCSE Summer Term 2019 exam
were those that had passed the exam during the winter resit season.

Lastly, the second secondary outcome, the self-efficacy survey, was collected in May 2019 before the GCSE exams and the
primary outcome. The survey response rates were low, due to the resource-light approach to data collection. Only 1,405
students (24% of the randomised sample) completed the survey. Apart from the two settings that dropped out, seven
treatment settings and 12 control settings did not run the survey with any of their students.

Attrition

The number of learners analysed refers to those with both outcome and complete covariate data, as we run a complete
case analysis. Given that the primary outcome (UMS score) and the other two secondary outcomes come from different
sources and were collected at different times, the rate of attrition varies across analyses. Below, we present the attrition
rate for each outcome individually.

Primary analysis on UMS

Table 10: Student-level attrition in terms of missing primary outcome UMS

Intervention Control Total
Randomised 3,071 2,735 5,806
No. of students
Analysed 1,631 1,401 3,032
Number 1,440 1,334 2,774
Student attrition
f isation t lysi
(from randomisation to analysis) Percentage 46.89% 48.78% 47.78%

(no. lost / randomised)

The total rate of attrition for the primary outcome was 48%, which is very high. The differential attrition (the difference in
attrition rates between treatment and control groups) was small, at 1.89 percentage points. Of which, 350 of these missing
observations were learners who passed their GCSE resits in November 2018, immediately after the intervention was
launched. These learners were classified as ineligible for the trial, so not missing in the same sense as the remainder. When
these are excluded, the rate of attrition improves to 42% but remains very high.

The reasons for student attrition and exclusion documented by colleges are presented in Table 11 below and is based on
information obtained from open-text surveys from settings, except from the number of students that passed the November
2018 exam, which was obtained through NPD records. If a setting did not provide any justification for why the raw exam
score was missing, it has been counted as ‘Unknown’. Each setting had different ways of reporting the reason as well. For
example, some settings documented students as having anxiety, while some others may have coded a similar case as
illness, or said that they simply missed the exams. Each of these examples has been coded as different categories in Table
11.

Table 11: Reasons for learner attrition (primary outcome)?

Percentage over

Reasons Control Intervention Total .
all attrition

a. Anxiety <10 <10 <10 <0.5%

b. Deferral 20 0 20 1.00%
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Percentage over

Reasons Control Intervention Total Y -
c. Family/childcare/employment <10 <10 <10 <0.5%
d. Ilness/bereavement/exemption 54 <10 <64 <3.19%
e. Missed exam for other reason 21 41 62 3.09%
f.  Poor attendance 13 <10 <23 1.10%
¢ ;i:l:/);\g:rr‘::'c?::;hip/Traineeship <10 <10 <20 <1.00%
h. Passed the resitin November 2018° 199 151 350 17.43%
i.  Left setting/course for other reason 64 164 228 11.35%
j.  Missing data from setting 95 316 411 20.47%
k.  Setting dropped out of trial 47 1 58 2.89%
l.  Reason unknown/not reported 429 338 767 38.20%

Total 955 1,053 2,008 100.00%

aCounts lower than ten and the corresponding percentages have been censored to avoid identification.
bThere were 27 students that passed the resit in November 2018 and still took the Summer Term GCSE resit exam in 2019. They have been excluded from
the analysis in the ‘follow-up’, but have not been counted as attrition, because the school sent their primary outcome data.

The main reasons for missing a UMS score were the following:

e Students not sitting the exams. Some students did not attend the exams due to several reasons,
ranging from having anxiety (a) to self-reported or certified illness or exceptional family circumstances
(d). Some reported having childcare and employment obligations that prevented them from attending
the exam (c). Around 3.09% of students missing the primary outcome did not attend the exam without
providing a valid reason (e). In total, according to the administrative records, 16% of the randomisation
sample did not sit the post-test GCSE exam.

o Exam deferral. 1% of attrition students deferred the exam.

e Poor attendance. Another 1% of attrition students were withdrawn from the exam or course due to low
attendance records during the course.

e Switching to vocational qualifications. Less than 1% of students left the college or course to do
apprenticeships or traineeships, or transferred to Functional Skills Maths.

e 2018 Winter Term resits. A significant number of students took the GCSE resit exams in November
2018, which are available to post-16 students, and 350 passed the exam. These students did not
continue with the course?* so they did not attend Maths-for-Life lessons or the June 2019 resit exams,
and so, they have been excluded from the analysis.

e Leaving the college or course. A substantial number of students left the college or withdrew from the
Maths-for-Life course before the GCSE exams. Some of the reasons included moving out, switching to
a class with a teacher that was not in the trial, leaving the course because it was too difficult, or
behaviouralissues.

24 With the exception of 27 students who passed the November 2018 exam but also sat the Summer Term 2019 exam to increase their
grade.
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o Missing data from settings. Six settings (four in intervention and two in control) did not provide the raw
exam scores, or provided the outcome data incorrectly, so the transformation to UMS scores could not
be done.

e Attrition at the setting level. Two settings (one from each trial arm) left the trial after randomisation, so
students are missing UMS and mathematical self-efficacy survey data. We did have their GCSE Maths
pass data, as that outcome was collected directly from the NPD and ILR databases, which were
included in the ITT analyses.

o Unknown reasons. Many settings did not provide justification for 38.20% of missing data.

In addition to the setting-level attrition and exclusion criteria (passing the November 2018 resit exam) presented in Table 11,
766 more students (13% of the randomised sample) were excluded from the primary analysis because they were missing at
least one of the pre-treatment covariates. Missing covariate data affected 379 students in the treatment group and 387 in
the control group.

Apart from attrition and missing data problems at the setting level, as well as exceptional situations such as family or work
obligations or illness, most other reasons for attrition are likely to be correlated with mathematical attainment and student
self-efficacy (though this is speculation). This suggests that lower-performing or less confident students may have been
more likely to miss the exam or withdraw from the course. If these patterns of attrition disproportionately affected control
students, it could introduce bias into the primary outcome analysis.? Despite this concern, attrition rates were similar
between the two groups, with 47% of treatment group students and 49% of control group students missing UMS data.
Furthermore, baseline characteristics of students in treatment and control groups (presented in the section ‘Student and
setting characteristics’ below) do not present strong evidence of selection bias.

Lastly, aside from participant attrition and exclusion, failure to link to administrative records and missing pre-treatment
covariates was another reason for missing observations in the primary outcome analysis. The DfE successfully matched
97.8% of student records to the NPD using personal identifiers (e.g. name, date of birth, and unique learner numbers).
However, 128 students (2.2%) could not be linked to their NPD records and so were missing covariate data and GCSE pass
rates, resulting in their exclusion. We present the rates of missing covariates in a later section in ‘Missing data of pre-
treatment covariates’ below.

Secondary analysis on GCSE pass rate

Table 12: Student-level attrition from the trial (secondary outcome: GCSE pass rate)

Intervention Control Total
Randomised 3,071 2,735 5,806
No. of students
Analysed 2,357 2,015 4,372
Student attrition Number 714 720 1,434
fiveine feLstemlisstilon 6o el s Percentage 23.25% 26.33% 24.70%

There were no observations with missing GCSE pass rate by construction, as we coded as 0 all participants in the sample
who did not pass the GCSE exam, including those who did not sit the GCSE Maths exam in Summer Term 2019. The attrition
can be explained by not meeting the eligibility criteria for the trial (296 students were excluded from this analysis because
they had passed the November 2018 exam) and missing covariates. The difference in attrition between treatment and
control was of 3 percentage points (compared to 2 percentage points in the primary outcome), where control students had
higher rates of attrition.

2% This is not the case for the students who passed the November 2018 resits, as they never participated in any Maths-for-Life lessons,
so their attrition should be uncorrelated with their treatment assignment.
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Given the way this outcome was coded, we were concerned that attrition in the GCSE pass rate would not capture
differences in exam sitting rates between treatment and control students that could bias treatment effects. Specifically, if
the intervention influenced participation in the exam, this could affect the GCSE resit results not only by improving students’
exam performance but also by boosting their confidence to attend the exam.

Additionally, we wanted to check the actual exam participation rates to assess whether our initial assumptions about
participant attrition at the design stage were accurate, as post-16 GCSE resit exam sitting rates tend to be low (Thomson,
2025). This provides a clearer measure of participant attrition rather than data collection issues in our primary outcome and
is also of policy interest, as increasing exam participation could be a relevant intervention outcome.

To investigate this, we started by computing how many students in our trial sat the GCSE exam by checking the DfE
administrative records. After adding those that either had a GCSE administrative record or a UMS record from the schools,?®
we calculate that only 4,711 students in the trial sat the GCSE resitin Summer Term 2019, which is 81.1% of all randomised
students, close to the initial assumption of 20% attrition.

We then computed the number of observations that had a record for the exam by trial arm (Table 13) to explore any
significant differences. Around 84.3% of intervention students sat the exam, compared to 77.6% of control students. An
exploratory analysis?’ confirmed that control students were 6.2 percentage points more likely to miss the exam (21.6% in
treatment vs 27.8% in control), after keeping baseline covariates constant (FSM status, setting type, and baseline
attainment in Key Stage 2 and Key Stage 4). This represents a 22% reduction in the likelihood of missing the exam for the
treatment group compared to the control group, a statistically significant difference at the 5% level, supporting the
hypothesis that the intervention positively influenced participation in the GCSE resit exam. One potential explanation,
aligned with the Theory of Change, is that the programme may have increased students’ self-confidence, and improved their
attitude towards, and relationship with, maths, which encouraged greater exam participation.

Table 13: Students that sat the GCSE Maths Summer Term exam in 2019, by trial arm

Intervention (n/N) Control (n/N) Total (n/N)
No. of students 2,588/3,071 2,123/2,735 4,711/ 5,806
Overall randomised 84.3% 77.6% 81.1%

Secondary analysis on mathematical self-efficacy

Table 14: Student-level attrition from the trial (secondary outcome: mathematical self-efficacy)

Intervention Control Total
Randomised 3,071 2,735 5,806
No. of students
Analysed 564 533 1,097
Number 2,507 2,202 4,709
Student attrition
(from randomisation to analysis) Percentage 81.63% 80.51% 81.10%

(analysed / randomised)

26 Around 4,607 learners (4,564 which had not passed the exam in November 2018) could be matched to a 2019 GCSE Maths Summer
Term exam. This means only 84% of the 5,456 students eligible for analysis sat the post-test exam. Also, 104 students that had a UMS
record did not have a GCSE record in the NPD. Of which, 78 out of those 104, could not be matched to the NPD or ILR datasets; four
students were merged to the NPD but not the ILR.

27 We used a logistic regression model. We regressed a binary variable indicating whether the student had missed the exam or not, on
the treatment indicator and the pre-treatment covariates: FSM status; setting type; and baseline attainment in Key Stage 2 and Key
Stage 4.
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Overall, we had approximately 1,100 students complete the survey. The high-attrition rate (81%) affected both trial arms
similarly. Fewer than ten complete cases?® were excluded from the survey analysis because they had passed the GCSE resit
exam in November 2018. The survey response rates were low, due to the resource-light approach to data collection.

Student and setting characteristics

Overall, baseline characteristics showed that intervention and control groups were similar, with small differences in FSM
eligibility (slightly higher in the intervention group) and a 7-percentage-point gender imbalance favouring males in the
intervention arm. While attrition increased the proportion of students eligible for FSM and altered gender composition, these
changes did not create significant imbalances in baseline attainment, though male students were more likely to be missing
in the final analysis.

Table 15 summarises the baseline student-level characteristics of intervention and control students as randomised.
Overall, the intervention and control students were similar, but both differed in certain ways compared to the national-level

figures.

Table 15: Baseline characteristics of students as randomised

Intervention group Control group
student !evel n/N Count (%) n/N Count (%)
(categorical) (missing) (missing)
996/3,071 800/2,735
igi 0fp2a ’ 0, ’ 0,
Eligible for FSM 32.2% (76) 32.4% (86) 29.3%
Ge”de;;ale 47 5% 1,545/3,071 50.3% 1,180/2,735 43.1%
Female 52 '70/b 1,450/3,071 47.2% 1,469/2,735 53.7%
0 (76) (2.5%) (86) (3.1%)
Student level n/N Mean n/N Mean Effect size
(continuous) (missing) (SD) (missing) (SD)
Attainment in
. 2,568 51.130 2,264 50.828
C
a:i:;age2 Not available' (503) (17.807) (a71) (17.570) 0.017
Baseline Key
2,805 2.510 2,486 2.489
Stage 4 GCSE 4.6¢ , ’ 0.028
Maths grade (266) (0.748) (249) (0.754)
3,071 2,560 17.429
; a 2 )
Age Not available' 0) 17.577 (3.391) (175) (3.181) 0.045

“This percentage represents Level 2 students enrolled in a Technical Certificate at state-funded schools/colleges who were classified as disadvantaged
in 2018. For Level 2 vocational qualifications, this was 33.3%. Source: DfE 16-18 attainment data (DfE, 2019). Available at:
https://assets.publishing.service.gov.uk/media/5c48878640f0b61704aec530/2018_revised_A_level and_other 16-18 results_in_England.pdf
(accessed 04 December 2024).

bpercentage of male and female students over all students aged 17 and over that sat the Summer Term GCSE Maths in 2021 in the UK. Data obtained
from the Joint Council for Qualifications (2021). Available at: www.jcq.org.uk/wp-content/uploads/2021/08/GCSE-Full-Course-Results-Summer-
2021.pdf (access 04 December 2024).

°Only scaled scores for national averages are published by the DfE. These are not comparable to the raw marks used in our analysis.

9This is the average GCSE Maths grade for the 2022/2023 academic year, the first year that the DfE published this metric. In previous years, the DfE only
published the cumulative percentages of students that achieved a certain grade. Data obtained from Key Stage 4 performance report by the DfE (DfE,
2025). Available at: https://explore-education-statistics.service.gov.uk/find-statistics/key-stage-4-performance (accessed 04 December 2024).

°The average age of GCSE resit students is not published by the DfE.

28 The count has been censored to comply with ONS SRS clearance requirements.
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The intervention group had a slightly bigger proportion of FSM-eligible students (32.4%) compared to the control group’s
(29.3%). Both were close to the national average of students enrolled in post-16 Level 2 qualifications, which is 32.2%. The
gender split showed more difference between trial arms: the intervention students had a bigger proportion of male students
(50.3%) compared to the control students (43.1%). After attrition (Table 12), the gender composition shifted, increasing the
difference between the treatment and control groups. The intervention group became more gender-balanced, while the
percentage of female students in the control group rose from 53.7% to 58.5%. This could influence the results, as female
students generally outperform males in GCSEs (DfE, 2024).

The 7-percentage-point gender imbalance could influence results due to the gender attainment gap, but baseline
attainment differences at Key Stage 2 and Key Stage 4 Maths between the groups were minimal, with Hedges’ g values below
0.05. This suggests the gender split did not affect the balance in baseline attainment. Histograms of Key Stage 2 scores
(Appendix P) show similar normal distributions across trial arms, both before and after attrition. However, post-attrition, the
treatment group had lower kurtosis, indicating a flatter distribution with fewer scores concentrated around the average
compared to the control group, suggesting greater variability in baseline attainment compared to the control. This could
affect the results by making the treatment group’s performance less predictable and potentially introducing noise into the
analysis. In contrast, Key Stage 4 GCSE attainment showed highly similar distributions between trial arms (Appendix P),
both before and after attrition, reducing the likelihood that outcome differences are influenced by Key Stage 4 baseline
variations, thus supporting the validity of the group comparisons.

As an exploratory analysis, we also checked balance in age, because the age range of the sample was very wide and
included students who were older than 18 years old. Older post-16 resit takers tend to have higher scores (see Table 20),
and the availability of administrative data records also varies. At randomisation, the average age for intervention
participants was 17.58 years old and 17.43 years old for control students; a very small difference (a Hedges’ g of less than
0.05).

Table 16 presents the analogous balance characteristics for the groups in the primary outcome analysis. After attrition, FSM
eligibility in the intervention arm rose to 36%, 6 percentage points higher than the control group, and higher than the national
average for similar Level 2 post-16 students. While this increased disadvantage could affect results, it did not lead to a
substantial imbalance in Key Stage 4 attainment, with differences remaining below 0.05 SD. At Key Stage 2, the imbalance
increased, but the intervention group still had slightly higher attainment. Thus, the higher percentage of FSM students in the
intervention group did not translate into lower baseline attainment compared to the control group.

Table 16: Baseline characteristics of students as analysed

Intervention group Control group
Student .level n/N Count (%) n/N Count (%)
(categorical) (missing) (missing)
Eligible for FSM 32.2% 591 ((1);631 36.2% 4262;5401 30.4%
Ge”der[;lale 47 3% 813/1,631 49.9% 582/1,401 41.5%
o 818/1,631 50.1% 819/1,401 58.5%
Female 52.7%
(0) (0)
Student level /N Mean (SD) /N Mean (SD) Effect size
(continuous) (missing) (missing)
Attainment in Key . R 1,631 49.986 1,401 49.016
Stage 2 Maths MG 0) (17.329) 0) (17.064) 0.056
Baseline Key
1,631 2.541 1,401 2.560
Stage 4 GCSE 4.6° ’ ’ -0.027
Maths grade (0) (0.684) (0) (0.651)
) 1,631 17.018 1,323 16.935
Age Not available ) (0.975) (78) (0.923) 0.087
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?Only scaled scores for national averages are published by the DfE. These are not comparable to the raw marks used in our analysis.
bSee footnote 32.

Table 17 summarises the baseline setting-level characteristics at randomisation, and how they compare to national
averages (see Table 18 for school characteristics as analysed). In sum, the sample of education settings was well-balanced
across treatment and control groups in terms of type, urban location, and student composition, and this balance was
maintained after attrition. However, the sample was moderately less representative of the national average, with an
overrepresentation of urban settings, further education colleges, and the Office for Standards in Education, Children’s
Services and Skills (Ofsted) higher-rated institutions, which may limit the generalisability of the results to rural and lower-
quality post-16 settings.

The trial primarily involved further education colleges, reflecting their majority share of post-16 education (54%), while
training providers were under-represented compared to their 21% national market share. The distribution of setting types
was well-balanced between treatment and control groups, and this balance was preserved after attrition.

Most settings were in urban areas (94%) across both groups, with the treatment group becoming entirely urban after attrition
(100% vs 94%). This contrasts with the national distribution, where 25% of settings are in rural areas, limiting the
applicability of the trial’s results to rural settings.

At randomisation, control settings were more likely to be rated as ‘Outstanding’ (22% vs 10%), while intervention settings
had a higher proportion rated as ‘Good’ (76% vs 64%), with similar weights of lower-rated settings in both arms. These
differences in Ofsted ratings, favouring control settings, persisted after attrition. The proportion of settings with at least
Good or Outstanding ratings in both trial arms was higher compared to the 2018 national average for post-16 education
(86% vs 69%), which may affect the trial’s replicability on a national scale.

The average size of the educational settings was similar across both trial arms before and after attrition (4,777 students in
intervention settings and 5,085 students in control settings).

Regarding student composition, intervention settings had lower rates of FSM students (23.4%) compared to the control
settings (27.0%), and this difference did not change after attrition. Both rates were close to the national average of

disadvantaged students in post-16 settings, which sits also at 27.7%.

Table 17: Baseline characteristics of settings as randomised

Intervention group Control group
Setting level National-level
ezl mean n/N Percentage (%)? n/N Count (%)
(missing) (missing)

Setting type:
Further education college 247 (54%) 33/50 66% 32/50 64%
School 1,160° (N/A) 9/50 18% 10/50 20%
Sixth-form college 94 (5%) 5/50 10% 5/50 10%
Training provider 546 (21%)° 3/50 6% 3/50 6%
Ofsted rating:
Outstanding 2% 5 10% 11 22%
Good 67% 38 76% 32 64%
Requires improvement 28% 5 10% 4 8%
Inadequate 3% 2 4% 2 4%

M (2%)
Location:
Urban 75% 47 94% 47/50 94%
Rural 25% 3 6% 3/50 6%
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Proportion of FSM-eligible 27 704 11/50 23.4% 12/50 27.0%
students® : (39) (15.5%) (38) (18.8%)
Secondary
schools: 9488
further education
No. of students per setting colleges: 6,749 47/50 4,777 46/50 5,085
sixth-form (3) (4,229) (4) (5,767)

colleges: 1,926
training providers:
527"

?Percentages were calculated over all observations at randomisation and analysis stages, including non-missing observations.

bNumber of schools in England offering a sixth form for 16-18-year-olds in 2014 (Hupkau and Ventura, 2017). Schools with a sixth form are notincluded in
the percentages of total post-16 learners.

°Number of publicly funded providers that were further education colleges, sixth-form colleges, and training providers in 2014 (Hupkau and Ventura,
2017). The percentage indicates their student shares over the total number of learners of post-16 education. The 20% remaining learners in England
attended other publicly funded providers. That percentage does notinclude schools.

d0btained from DfE statistics on the Ofsted inspections carried out in 2017/2018. Available at: www.gov.uk/government/statistics/further-education-
and-skills-inspections-and-outcomes-as-at-31-august-2018/further-education-and-skills-inspections-and-outcomes-as-at-31-august-2018-main-
findings#:~:text=As%20at%2031%20August%202018%2C%20the %20proportion%200f%20general%20FE,good%20at%20inspection%20this%20year.
°0f 91 settings in total, we were only able to access data on FSM eligibility for 23 settings. Of which, 19 of these were schools, three were sixth-form
colleges, and one was a further education college.

fPercentage of disadvantaged state-funded school students who were at the end of Key Stage 4 by the end of 2015/2016 academic year. Source: DfE 16-
18 attainment data (DfE, 2019). Available at:
https://assets.publishing.service.gov.uk/media/5c48878640f0b61704aec530/2018_revised_A_level_and_other_16-18_results_in_England.pdf
(accessed 04 December 2024).

8Average size of state-funded secondary schools in 2018 (DfE, 2018). This does not include post-16 education providers.

hData on student size for further education colleges, sixth-form colleges, and training providers are from 2014 (Hupkau and Ventura, 2017).

N/A=not applicable.

Table 18: Baseline characteristics of settings as analysed

Setting type:

Further education college 247 (54%) 30/45 66.6% 29/46 63%
School N/A 9/45 20% 10/46 21.7%
Sixth-form college 94 (5%) <5b/45 <11% <5/46 <11%
Training provider 546 (21%)? <5/45 <11% <5/46 <11%

Ofsted rating:

Outstanding 2% 4 9% 10 22%
Good 67% 35 78% 30 65%
Requires improvement 28% 5 11% 4 9%
Inadequate 3% 1 2% 2 4%
Location:

Urban 75% 45 100% 43 94%
Rural 24%° 0 0% 3 6%

Proportion of FSM-eligible 18.5%: 11/45 23.4% 12/46 27.0%

learners® o7 (34) (15.5%) (34) (18.8%)
Secondary schools: 948

No. of learners per further education 42/45 4,728 44746 5,005

colleges: 6,749
sixth-form colleges:
1,926

college/school (3) (3,873) (2) (5,869)
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training providers: 527

aPercentage of male and female students over all students aged 17 and over that sat the Summer Term GCSE Maths in 2021 in the UK. Data obtained
from the Joint Council for Qualifications (2021). Available at: www.jcq.org.uk/wp-content/uploads/2021/08/GCSE-Full-Course-Results-Summer-
2021.pdf (access 04 December 2024).

bplease note ONS statistical disclosure controls for DfE data prevent the reporting of cell counts lower than three at school level and lower than ten at
individual (e.g. student) level, at the time of writing.

°Obtained from DfE statistics for 2018. Available at https://explore-education-statistics.service.gov.uk/data-tables.

9This is the average GCSE Maths grade for the 2022/2023 academic year, the first year that the DfE published this metric. In previous years, the DfE only
published the cumulative percentages of students that achieved a certain grade. Data obtained from Key Stage 4 performance report by the DfE (DfE,
2025). Available at: https://explore-education-statistics.service.gov.uk/find-statistics/key-stage-4-performance (accessed 01 March 2025).

°The average age of GCSE resit students is not published by the DfE.

N/A=not applicable.

Outcomes and analysis

Primary analysis

The primary outcome measure was the UMS score, which standardises the raw scores of the GCSE Maths exam across
different examination boards. This process smooths out variations in difficulty between exam boards and exam years to
allow for comparisons across settings. The UMS score of the GCSE Maths exam was selected as the primary outcome
measure because it provided the most direct assessment of changes in student performance at GCSE resit exams and
mathematical attainment, which was the primary focus of the intervention.

UMS scores can range from 0 to 100 for Higher tier exams (which allow for scores up to grade 9) and 0 to 50 for Foundation
tier exams (an easier exam, capped at grade 5). Around 98.4% of students (2,983) sat the Foundation tier and thus, were
capped at a score of 50. As a result, the average treatment effect for the full sample could, in theory, be diluted due to the
ceiling effect in the Foundation tier, potentially underestimating the intervention’s impact on lower-ability students.

Figure 3 shows the distribution of UMS scores in the primary analysis sample. The distribution is approximately normal but
left-skewed. However, even though part of the sample was capped at 50, there is not a significant amount of bunching
around that value. Instead, most students scored grades 3 (equivalent to a UMS of 30 to 39) or grade 4 (equivalent to a UMS
of 40 to 49). Therefore, the ceiling effect is not a concern as it does not appear to heavily distort the distribution.

Since the vast majority of the sample was a Foundation tier, the range of the potential treatment effects for the full sample
will be approximately -51 to 51, reflecting a weighted average of the two caps (2% at [-100, 100] and 98% at [-50, 50]).

Figure 3: Distribution of UMS scores
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Table 19 presents the results of the analysis for the UMS score outcome. The unadjusted mean for the UMS score in the
intervention group is 31.71 and 32.60 in the control group. After adjusting for covariates in the analysis model, the mean
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difference between the two groups decreased from -0.888 to -0.809, corresponding to a Hedges’ g effect size of -0.095
(equivalent to two months less progress). While this is the best estimate of the intervention’s impact, the 95% CI suggests
the true effect could range from significantly negative (three months’ less progress) to negligible (zero months of progress).
This indicates substantial uncertainty in the estimate, but the intervention is likely to have had little to no effect or a negative
effect on the students’ GCSE Maths exam scores. The wide Cl reflects the study’s limited statistical power to detect anything

other than a somewhat large effect (relative to the average intervention evaluated by the EEF), due to the small sample size.
Table 19: Primary outcome analysis results

GCSE Maths 1,631 31.710 1,401 32.598 -0.095

UMS score (1,440) (31.271-32.148) (1,334)  (32.182-33.014) 3,032 (-0.203-0.013) 0.085

Secondary analysis

The two secondary outcome measures were the GCSE Maths pass rate, a binary indicator equal to 1 if the student passed
the GCSE Maths exam with a grade 4 or more and 0 otherwise, and mathematical self-efficacy, measured by the Teleprism
survey.

GCSE Maths pass rate

Figure 4 shows the distribution of GCSE pass rates. According to Figure 4, 614 out of 4,372 students (14%) passed the GCSE
Maths exam at the end of the intervention with a grade 4 or higher. For reference, the national average in 2019 was 21.5%
for 17-year-olds (Table 20).

Figure 4: Percentage of analysed students that passed the Table 20: Post-16 outcomes in maths, percentage of students with
GCSE Maths exam with a grade 4 or higher grade 4 and above, England average
Percentage of students that passed the GCSE Year 2018 2019
Mathematics exam with a grade 4 or higher
100 17-year-olds 223 21.5
Yo
18-year-olds 14.3 13.4
+19-year-olds 29.7 281

7o% Source: DfE from Ofqual data.?®

50%

25%

614 (14%)

0%

0 Failed M Passed

Table 21 presents the results of the analysis. The unadjusted rate of the intervention group is 14.6% and the control group
is 13.4%. For the GCSE Maths pass rate, the estimated effect for the binary outcome could take theoretical values between

2% Obtained from: www.gov.uk/government/news/guide-to-gcse-results-for-england-2019.
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-1 and 1. After adjusting for covariates in the analysis model, the mean difference between the two groups is 0.05, or 0.5

percentage points, which translates into a Hedges’ g effect size of 0.014. This represents a negligible effect, equivalent to
zero months of progress.

While this is the best estimate, the 95% CI indicates that the true effect could range from negative (one months’ less
progress) to moderately positive (two months of additional progress). This wide range reflects significant uncertainty, and
the results do not allow for a reliable conclusion about the direction or magnitude of the effect on the students’ likelihood
to pass the resit exam. The very wide Cl is a result of the study being underpowered.

Table 21: Secondary outcome analysis, by GCSE pass rates

Unadjusted means

Effect size
Intervention group Control group
Outcome n Mean " Mean (intztr)\;(::\;on' e P-value
(missing) (95% CI) (missing) (95% CI) ¢ (95% CI)
control)
GCSE pass 2,357 0.146 2,015 0.134 4372 0.014 0.771
rate (714) (0.132-0.160) (720) (0.119-0.149) ’ (-0.083-0.111) ’

Mathematical self-efficacy

This section presents the results of Maths-for-Life on the students’ mathematical self-efficacy, as measured via section E
of the Teleprism survey. The outcome measure was the average score of the Likert questions, which could take values from
1 (less confident) to 4 (more confident), so the estimated effect could take theoretical values between -3 and 3. Effects are
also presented as Hedges’ g to make it easier to compare between outcomes and with other studies.

Figure 5 shows a histogram of the survey scores. The distribution of scores is slightly left-skewed. The number of participants
scoring at or near the maximum of 4 is limited, so we do not have any concerns about floor or ceiling effects in the analysis.
However, given the high degree of attrition (81%), the results have a high risk of bias from unobservable student
characteristics, for example, due to self-selection from the most engaged students into answering the survey.

Figure 5: Histogram of mathematical self-efficacy survey scores?®
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@The histogram excludes counts below 1.75 and at 4 as they were under 10, to be compliant with ONS policies.

Table 22 shows the results of the analysis on the mathematical self-efficacy survey score. The unadjusted mean in the
intervention group is 2.876 (out of 4) and in the control group is 2.855. After adjusting for covariates in the analysis model,
the mean difference between the two groups is reduced from 0.021 to 0.015. The Hedges’ g effect size for the difference
between groups is 0.037, equivalent to a small positive effect on the students’ confidence when solving mathematical
problems.

47



Maths-for-Life
Evaluation Report

This is our best estimate of the effect but, at the 95% confidence level, the results are compatible with effects that range
from -0.121, a moderate negative effect, to a large positive effect of 0.194 SD. There is therefore, a large amount of
uncertainty in the estimate of the intervention’s impact on the students’ self-efficacy in addition to the high risk of bias,
which are a result of the low survey response rates across settings.

Table 22: Secondary outcome analysis, by mathematical self-efficacy

Mathematical
self-efficacy 1,097 0.645

2.876 2.855 0.037

<core (2,507) (2.842-2.911) (2,202) (2.822 - 2.889) (-0.121-0.194)

Missing data analysis
Missing data of pre-treatment covariates

In the Statistical Analysis Plan for this trial, we outlined a missing data strategy (Nolan and Taylor, 2020). We noted that this
strategy would be implemented if more than 5% of data for a covariate in the primary analysis sample were missing. As can
be shown in Table 23, this was the case for the two baseline attainment measures. Key Stage 2 Maths attainment was
missing for 18.17% of the primary outcome sample and Key Stage 4 Maths grade, for 8.4% of the sample.

Table 23: Completeness of data for pre-treatment covariates in the primary outcome sample (over all eligible participants with non-missing
primary outcome)

Setting type 2,018 (100%) 1,780 (100%) 3,798 (100%)
Eligible for FSM 1,977 (97.97%) 1,730 (97.19%) 3,707 (97.60%)
Attainment in Key Stage 2 Maths 1,671 (82.80%) 1,437 (80.73%) 3,108 (81.83%)
Baseline Key Stage 4 o o o
GCSE Maths grade 1,861 (92.22%) 1,618 (90.90%) 3,479 (91.60%)

Table 24 below summarises the number of complete cases, missing observations due to missing pre-treatment covariates,
and missing observations due to trial eligibility for each of the three outcomes. Around 20.5% of all eligible participants with
primary outcome data were dropped from the analysis for missing at least one pre-treatment covariate. The percentage of
observations dropped for the same reason was very similar for the two secondary outcomes; 20.2% for GCSE pass rate, and
21.6% for the mathematical self-efficacy survey.

Table 24: Number of complete case observations and missing pre-treatment covariates

Complete cases 1,631 1,401 3,032

Primary Eligible participants with outcome data 2,018 1,780 3,798
outcome (UMS)
Eligible participants with outcome data, missing pre-treatment

) 387 379 768
covariates
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Outcome Intervention Control Total
Complete cases / eligible participants with outcome data 80.1% 78.7% 79.5%
With outcome data, excluded from the analysis for passing the GCSE <10 20 Between
in November 2018 20 and 30
Complete cases 2,357 2,015 4,356
Eligible participants with outcome data 2,920 2,536 5,456
GCSE Maths Ellglee participants with outcome data, missing pre-treatment 563 521 1,099
covariates
pass rate
Complete cases / learners with outcome data 80.7% 79.5% 79.8%
Wlth outcome data, excluded from the analysis for passing the GCSE 151 199 350
in November 2018
Complete cases 564 533 1,102
Eligible participants with outcome data 725 680 1,405
Mathen;latms With outcome data, missing pre-treatment covariates 161 147 308
self-efficacy
score .
Complete cases / learners with outcome data 77.8% 78.4% 78.4%
With outcome data, excluded from the analysis for passing the GCSE <10 <10 <10

in November 2018

Missing data analysis was conducted for the Key Stage 2 and Key Stage 4 attainment covariates to gather suggestive
evidence as to whether the absence of data followed a random pattern (missing at random [MAR]). We modelled the
missingness of each variable using two logistic regressions as specified in the ‘Missing data analysis’ section below.

For Key Stage 2 attainment, we regressed the variable missingness on treatment assignment, FSM eligibility, Key Stage 4
attainment, and setting type. We also regressed it on these covariates and age as an exploratory analysis, which was not
included in the Statistical Analysis Plan (Nolan and Taylor, 2020), because there were students in the sample that were older
than 18 years old, and the higher missingness of Key Stage 2 could be related to senior students not having Key Stage 2
records in the NPD, as Key Stage 2 SATs were introduced in 1995. This analysis revealed that older students, those from
sixth-form colleges, students not eligible for FSM, and those with lower Key Stage 4 attainment were more likely to have
missing Key Stage 2 Maths attainment, and hence to be missing from the primary analysis. These predictors were
statistically significant at the 5% level. Lastly, not having attended primary school in England could be another reason for
the high rates of missing Key Stage 2 records, but we did not have available data to check whether that was the case.

We repeated the analysis for Key Stage 4 GCSE Maths attainment. A higher age was also a predictor for this covariate’s
missingness, as well as having a higher Key Stage 2 attainment. These were the only predictors of missingness that were
statistically significant at the 5% level. Lastly, we did an equivalent analysis on the missingness of both Key Stage 2 and Key
Stage 4, which showed that older students and those not eligible for FSM were statistically more likely to be missing both
baseline attainment covariates. None of the logistic regressions showed any indication that treatment assighment was
correlated with covariate missingness. Given that at the analysis stage the sample is balanced on all observables, this
suggests that any unobservable characteristic that leads to missingness is likely to be distributed evenly between treatment
and control groups, and hence, not cause a bias in the treatment estimate.

These results indicate that part of the covariate missingness was conditional upon other variables in the model. Whether
this might increase or decrease the estimated treatment effect is unclear because the missingness is related to both higher
and lower-performing students. Older students, those with higher Key Stage 2 attainment, and non-FSM-eligible students,
who tend to perform better, were more likely to have missing data, which could lead to an overestimation of the treatment
effect. On the other hand, students with lower Key Stage 4 attainment, who typically perform worse, were also more likely
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to be missing, which could lead to an underestimation of the treatment effect, especially if the treatment is more effective
for lower performers. Without any evidence of whether the treatment is more effective for higher or lower-performing
students, the overall impact on the treatment effect is uncertain.

In this analysis, we deviated from the Statistical Analysis Plan (Nolan and Taylor, 2020) and opted not to perform multiple
imputation for MAR covariate data. This decision was based on the high levels of attrition observed for both the primary and
secondary outcomes, which meant that conducting multiple imputation for covariates would contribute little to the
interpretation of the results. (Multiple imputation would increase the primary analysis sample from 52% to, at most, 65% of
the sample at randomisation.)

Sensitivity analysis: Estimation of the model excluding covariates and using the missing indicator method

We carried out sensitivity analyses by: i) excluding all covariates from our regression specification for the primary outcome
analysis; ii) excluding only baseline attainment covariates; and iii) excluding only Key Stage 2. Additionally, as an exploratory
analysis, we estimated the regression using the missing indicator and null imputation.

The Hedges’ g coefficients in the sensitivity analyses are very similar to the primary analysis result in all cases: the effects
are negative and very small; and the 95% Cls are very wide and all of them contain the zero. The consistency of the effect
estimates across sensitivity analyses indicates that the inclusion or exclusion of specific covariates does not substantially
alter the conclusions, as effect estimates remain small and negative across all specifications. The wide Cls reinforce the
high level of uncertainty around the estimated effects, suggesting that any true impact of the intervention, if present, is likely
to be small and could be negative.

Table 25: Sensitivity analysis results

Totaln Hedges’ Primary analysis
Outcome Model (intervention; (95°gA: Cl)g P-value Hedges’ g
control) (95% ClI)
GCSE Maths No covariates 3,798 -0.085 0.328 -0.095
UMS score (2,018; 1,780) (-2.556 - 0.086) ) (-0.203-0.013)
GCSEMaths "\ e 3,471 -0.067 0217 -0.095
UMS score y Stag (1,856; 1,615) (-0.173 - 0.040) : (-0.203-0.013)
attainment
GCSEMaths  /\Lcovariates except 3,707 -0.082 -0.095
Key Stage 2 and Key 0.310
UMS score . (1,977; 1,730) (-0.242-0.078) (-0.203-0.013)
Stage 4 attainment
GCSE Maths Missing indicator 3,707 -0.091 0.108 -0.095
UMS score method? (1,977; 1,730) (-0.203-0.021) ) (-0.203-0.013)

“Imputing a missing indicator for Key Stage 2 and Key Stage 4 baseline attainment only (not FSM).

Subgroup analyses
FSM subgroup analysis

This subgroup analysis examines whether the treatment effects differed between students eligible for FSM and those who
were not. Following the EEF guidelines (EEF, 2022), these analyses were conducted intwo ways: i) by including an interaction
term in the model to test for differences in effects between the groups, and ii) by running separate models for each subgroup
(FSM-eligible and non-FSM-eligible students).

The interaction term estimates the difference in treatment effects between FSM and non-FSM students, after adjusting for
other variables. As shown in Table 26, the interaction term is small and positive, indicating that the treatment effect was
slightly less negative for FSM students. The Hedges’ gis 0.017, which is only 18% of the ITT effect from the primary analysis
and corresponds to less than a month of additional progress between FSM and non-FSM students. However, the results are
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highly uncertain, as the Cl is wider than that in the primary analysis, ranging from -2 months to +2 months of additional
progress.

When estimating the effects separately for FSM and non-FSM students, both groups saw a similar impact of -1 month of
progress. The 95% CI for non-FSM students was [-3 months, 0 months], and for FSM students, it was [-3 months, +1 month].

While the intervention appeared to have a slightly less negative impact on FSM students than non-FSM students, both
groups still experienced a negative effect overall (though the Cls are very broad again). The small positive interaction term
suggests the programme may have been somewhat less ineffective for FSM students, but it did notimprove their attainment.
However, the level of uncertainty around the estimates makes the results inconclusive. The study was likely underpowered
to detect these heterogeneous effects; it had a sample of FSM students to detect an MDES of 0.30 for this subgroup. This
limitation in statistical power means that the observed differences between the two groups should be interpreted with
caution, and the differences are also extremely small.

Table 26: Subgroup analysis for FSM-eligible students

Outcome Model (intlcr)\;(:L?ion; S Hedges' g P-value PriT—liZg?ar;?ngSis
control) (SE) (95% Ci) (95% Cl)

wmsseore MGEEET eannaon (061 (0120 0.155) 09 (0203-0013

uMsseore  CEEE i oa0re7) 0445 (0.205- 0,007 0.008 (02050013

UMS score sl:gg;,;,p (5;3?11;6) (_(223:87) (-0.2-205(17;080) 0343 (-0'2603;89501 3)

Subgroup analysis by setting type

The intervention was delivered in four different types of settings: schools; sixth-form colleges; further education colleges;
and training providers. The four types of post-16 education settings differ in terms of focus, with schools and sixth-form
colleges offering more academic courses, further education colleges providing a broader range of academic and vocational
options, and training providers specialising in vocational training. Additionally, the size of their student bodies varies
substantially, leading to further education colleges having much larger cluster sizes in this trial.

We conducted a subgroup analysis by type of setting to see if the treatment effect on the primary outcome varied by type of
education provider. This is done by including in the primary outcome model an interaction term with the categorical variable
of setting type and the treatment.

Table 27 presents the marginal treatment effects for each type of setting, revealing notable differences in how the
intervention worked across settings. In further education colleges, the largest subgroup, Maths-for-Life had a moderate
negative impact of two months less progress on students’ scores (95% CI: [-3 months, 0 months]). Similarly, students in
sixth-form colleges experience a negative impact of two months less progress, with a wide range of possible effects from -
7 monthsto +3 months. In schools, the estimated impactwas small and positive, equivalent to less than a month of progress
(95% CI: [-3 months, +4 months]). For training providers, the estimated treatment effect was five months of additional
progress, but this estimate is less reliable due to the small sample size, with a wide range of possible effects from -2 months
to +11 months of additional progress.

These results suggest that the Maths-for-Life intervention may have had varying effects depending on the type of provider,

but the evidence is not strong enough to confirm that the treatment worked differently across settings. The small sample
sizes mean the estimates are imprecise.
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Table 27: Subgroup analysis on UMS score by setting type (further education college is the reference category)

Setting type (intZ(::L:on; Coefficient ocEes & P-value Priniggir;?ggs
control) (=3 e (95% CI)

Further education college (1’45511?1 13) ((?580582) (—0.2_1%1—0(2018) 0.097 (_0‘26%0_905‘013)

School (1 21:773) (?:ggg) (-0.2250—4 (1J.308) 0758 (-0‘22’%(19(?‘01 3)

Sixth-form college (142??36) (_11..73:17) (—0.5_505.1—505.246) 0.445 (-0.26%(19(?.01 3)

Training provider (N/A??\I/A)a éfgg (-0.1 §é3-7 8.865) 0-142 (-0.26%(19(?.01 3)

aThe counts in the intervention and control group cannot be disclosed as per the ONS disclosure rules because some are under ten.

Additional analyses and robustness checks
Analysis in the presence of non-compliance

A setting was considered to be compliant if all teachers participating in the trial delivered at least three out of five Maths-
for-Life lessons to their classes. Based on the collected data from the settings, 37 out of 50 settings assigned to the
treatment group were considered as compliant.

Table 28 shows how learners were distributed across compliant and non-compliant settings. Around 69% of all students in
the treatment arm were in compliant settings and therefore, likely to have received the minimum recommended dosage of

the intervention.®°

Table 28: Compliance frequencies and unadjusted mean and SD of the primary outcome

Control group Students in compliant settings Students in non-compliant settings
Sample UMS mean ; Unadjusted mean f Unadjusted mean
(% of intervention (% of intervention
(SD) (SD) (SD)
group) group)

At randomisation 32.927 2,122 32.095 949 31.943
(9.086) (69%) (9.154) (31%) (10.855)

. 32.598 1,171 32.038 460 30.873

At CACE analysis (7.938) (72%) (8.890) (28%) (9.320)

Compliance data were available for the full primary analysis sample (n=3,032). The first-stage regression produced an F-
statistic of 20.93, well above the threshold of 10 commonly used to identify a strong instrument (Table 29). This confirms
that treatment allocation is a reliable predictor of compliance, supporting the robustness of the instrumental variable
design and the reliability of the CACE estimates.

Table 29 presents the results of the CACE analysis. The estimated difference in UMS scores between the intervention and
control groups is -1.124, larger (in absolute magnitude) than the ITT estimate of -0.809. The corresponding Hedges’ g for the
CACE analysis is -0.134, equivalent to -2 months of progress (95% CI: [-4 months, 0 months]). While this remains our best
estimate of the effect, the wide CI highlights considerable uncertainty, similar to the ITT analysis.

30 We did not have attendance data from students, so this is our best guess of the students’ dosage.

52



Maths-for-Life
Evaluation Report
For comparison, the ITT analysis produced a Hedges’ g of -0.095, equivalent to -1 month of progress (95% ClI: [-3 months, 0
months]). The compliance analysis, which uses data on compliance at the teacher and setting level, provides additional
evidence that the intervention likely had a negative effect on students’ GCSE Maths scores. The broader Cls in both analyses
reflect the study's limited statistical power, driven by a small sample size, which restricts its ability to detect anything other
than a large effect. The CACE analysis, while slightly stronger, still points to a high level of uncertainty and does not
significantly alter the overall interpretation of the results.

Table 29: CACE analysis

. Total n Coefficient First stage Partial R- Hedges’ g Primary anz:rly3|s
Model (intervention; (SE) F-statistic squared (95% CI) P-value Hedges’ g
control) q ’ (95% CI)
Compliance 3,032 -1.124 F(7,3024) = 0.540 -0.134 0.080 -0.095
analysis (1,631; 1,401) (0.641) 20.93 ) (-0.284-0.016) ) (-0.203-0.013)

Estimation of a multilevel model as a robustness check

As arobustness check, we estimate an HLM with the primary and secondary outcomes, which accounts for the hierarchical
structure of the data—specifically, the nesting of students within classes and settings, by including random intercepts at
the school and class level. While our primary analysis uses OLS with clustered standard errors at the setting level to handle
the clustered nature of the trial, the HLM allows us to further test whether the hierarchical structure of classes within
settings affects the results, providing an additional comparison to our main estimates.

For this analysis 952 out of 5,806 students were missing a class identifier (16.40% of all randomised students). However,
most of them were also missing the primary outcome or pre-treatment covariates. As a result, only 0.36% of the sample for
the primary analysis is missing the class identifier. This ensures that the sample used to estimate the HLM closely aligns
with the primary analysis sample, allowing for a reliable comparison.

In the case of the robustness checks for the secondary outcomes, 10.20% (592 observations) of the sample for the GCSE
pass rate is missing a class identifier and is therefore, excluded from this analysis. This results in a weaker overlap with the
analysis using OLS, which should be considered when making comparisons. In contrast, the robustness check for the
survey analysis provides a strong basis for comparison, as fewer than ten students are missing a class identifier in that
dataset.

Additionally, 24 schools had only one class identifier and two schools did not send any class identifiers, so we cannot
estimate distinct class and setting level errors for those schools.

Table 30: HLM models

Totaln Post-estimation
. . Coefficient Hedges’ g ) . ) OLS analysis: Hedges’ g

Outcome (intervention; (SE) (95% Cl) ICC: setting and P-value (95% Cl)

control) class levels

3,021 -0.079 0.031 (3.1%), -0.095
UMS (1,620; 1,401) 0.676 (-0.184 -0.026) 0.100 (10%) 0-140 (-0.203-0.013)

(0.458)

GCSE Maths 3,780 -0.039 -0.108 0.063 (6.3%), 0.801 0.014
pass rate (2,023; 1,757) (0.156) (-0.951-0.735) 0.07 (7%) ’ (-0.083-0.111)
zea::_heef?i“ca;fal 1,092 0.018 0.045 0.042 (4.3%), 0.568 0.037
score ¥ (560; 532) (0.032) (-0.110-0.200) 0.042 (4.2%) ’ (-0.121-0.194)

Table 30 presents the estimated effect sizes of the HLMs. For the primary outcome, the HLM estimate aligns closely with
the OLS model, indicating a regression equivalent to approximately one month of progress. The 95% CI spans from -2
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monthsto no progress, identical to the interval observed in the OLS model. This consistency suggests that the OLS approach
captured the treatment effect accurately.

A similar pattern is observed for the mathematical self-efficacy outcome. The HLM estimates a small, positive effect size of
0.045 in Hedges’ g (95% CI:[-0.110, 0.200]), which is very close in size and Cl to the OLS results (Table 30).

However, the results for the GCSE pass rate differ from the OLS findings in both magnitude and direction. The HLM estimates
an effect size 0f -0.108 in Hedges’ g, equivalent to a regression of about two months of progress. The 95% Cl is much wider,
ranging from -11 months to +9 months of progress, indicating greater uncertainty in the estimate. This difference should be
interpreted cautiously, as the sample used for this analysis excludes 10.20% of observations in the main analysis for this
outcome due to missing class identifiers, and the wider ClI reflects the reduced precision of the HLM model compared to
the OLS model.

Overall, the HLM analysis largely confirms the OLS findings for the primary outcome and mathematical self-efficacy. By
accounting for the hierarchical structure of the data (students nested within classes and settings), the HLM demonstrates
that the nested structure does not meaningfully change the effect size or Cl for the primary outcome.

Checking for potential attrition bias using the GCSE Maths pass rate

The trial’s primary outcome had an attrition rate of 48%, which introduces a high risk of bias in the effect size estimates. To
explore how this attrition might have influenced the results, we repeated the analysis for the GCSE Maths pass rate using
only the students who were part of the primary outcome analysis.

The full sample for the pass rate had a much lower attrition rate of 25%, as itincludes students who sat the exam, but whose
raw scores could not be collected from the settings. By comparing the results from the restricted sample (which matches
the primary outcome sample) to the full sample of students that sat the exam, we can see if the difference in attrition rates
leads to different effect sizes and what the direction of the potential bias is. Note that this analysis cannot give information
on the attrition coming from students who did not sit the exam, it only informs our understanding of the bias stemming from
data collection issues or from settings dropping out of the trial.

Table 31 presents the results of this subsample analysis. After restricting the sample to those same individuals included in
the primary outcome analysis, the effect size moves closer to zero, indicating no additional months of progress. The lower
bound of the 95% CI also decreases, shifting from -1 month of progress to -2 months, while the upper bound remains
unchanged. This suggests a potential selection bias in the composition of the sample used to estimate the effect on the
primary outcome. This may have caused a downward bias in the estimated treatment effect for that outcome.

Looking at the unadjusted means for both samples, the percentage of students who passed the exam in each treatment
arm are higher in the restricted sample (17.7% and 17.6% for treatment and control) than in the full sample for the secondary
outcome analysis (14.6% and 13.4%). This indicates that the students in the sample used in the primary outcome analysis
were of higher ability on average compared to the full cohort of students in the trial who sat the GCSE exam. For these higher-
ability students, the effect of treatment on the primary outcome was small and negative. The true average treatment effect,
which includes a larger proportion of lower-ability students, might therefore, be closer to zero. However, these results do
not suggest that the programme was positive either, as the GCSE Maths pass rate results do not provide evidence that the
intervention improved the likelihood of passing the resit exam to a significant degree.

As with all other treatment effect analyses in this study, the results should be interpreted with caution due to the very wide
Cls.
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Table 31: Estimation of potential attrition bias on GCSE Maths pass rate

Unadjusted means

Effect size
Intervention group Control group
Outcome Sample
" bEl " bl (intlcr)\:::\'rc]ion' RS P-value
. o . o : o
(missing) (95% CI) (missing) (95% ClI) ol (95% CI)
GCSE Maths Full GCSE 2,357 0.146 2,015 0.134 0.014
Maths pass 4,372 0.771
pass rate (714) (0.132-0.160) (720) (0.119-0.149) (-0.083-0.111)
rate sample
GCSE Maths :r:::as?; 1,631 0.177 1,401 0.176 5082 0.003 0.956
pass rate Sam‘;le (1,440)  (0.158-0.195) (1,334) (0.156 - 0.196) ’ (-0.105-0.111) :

Exploratory analysis: Subgroup analysis with the GCSE Maths pass rate

As the secondary outcome of GCSE Maths pass rate was not subject to the high-attrition rates of the primary outcome, we
repeated the same FSM subgroup analysis on this outcome to collect additional and hopefully more robust evidence of the
difference in GCSE resit exam performance between FSM and non-FSM students. This was an exploratory analysis.

As shown in Table 32, the results differ from those of the subgroup analysis on UMS scores. The interaction term for the
GCSE Maths pass rate outcome is -0.007 in Hedges’ g, which is very small (close to null) and negative, indicating no
significant difference in progress between FSM and non-FSM students (95% ClI: [-2 months, +2 months]). When estimating
the effect separately for each subgroup, both FSM and non-FSM students saw similar, negligible impacts (zero months of
progress), with wide Cls. For non-FSM students, the 95% CIl ranged from -1 month to +2 months, and for FSM students, it
ranged from -2 months to +2 months.

Although the attrition rate for this outcome was lower than for the primary outcome, this binary measure (likelihood of
passing the exam) is less sensitive to small changes in performance compared to the continuous UMS score. This likely

explains the wider Cls in spite of the bigger sample size.

Both subgroup analyses (on UMS and GCSE Maths pass rates) show no evidence that the intervention improved GCSE resit
performance for FSM students or that it had a different impact on them compared to non-FSM students.

Table 32: Exploratory subgroup analysis for FSM-eligible students

Totaln . s Secondary analysis
Outcome Model (intervention; Coezfsflé:)l ent T::‘EGZI;g P-value Hedges’ g
control) ° (95% Cl)
GCSE Maths Interaction 4,372 -0.002 -0.007 0.928 0.014
pass rate effect (2,357;2,015) (0.025) (-0.157 - 0.143) ’ (-0.083-0.111)
GCSE Maths Subgroup 2,857 0.007 0.019 0.692 0.014
pass rate (non-FSM) (1,512; 1,345) (0.017) (-0.078-0.117) ’ (-0.083-0.111)
GCSE Maths Subgroup 1,515 0.000 0.001 0.986 0.014
pass rate (FSM) (845; 670) (0.026) (-0.153-0.155) ’ (-0.083-0.111)

Estimation of ICC

The ICC at the setting level for the primary outcome (GCSE UMS score) was 0.08, and 0.09 for the subsample of FSM-eligible
students, which were lower than initial predictions at the analysis stage (0.20). The ICC at the class level were 0.17 and 0.19,
respectively.
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Implementation and Process Evaluation results

Fidelity

The intervention had two levels of implementation; lead teachers implemented a PD programme to class teachers, and
class teachers then taught a programme of lessons to their students. The plans provided for lead teachers and class
teachers were designed to include some flexibility. The types of adaptation that were ‘permitted’ at both levels are specified
in the intervention description (see Appendix E), which states that three things should not change in any setting: i) the key
pedagogical principles; ii) the Lesson Study structure of the PD; and iii) the lesson materials provided to students.

Table 33 below shows the results of the fidelity survey conducted with the lead teachers. Lead teachers were asked to report
the extent to which they adhered to the plans in the lead teacher pack, and to give their view on the extent to which the class

teachers in their cohort adhered to the Maths-for-Life lesson plans.

Table 33: Fidelity survey results

n (%) n (%) n (%)
Item who always stuck who made small who made big
to the plan changes changes
PD activities delivered by lead teachers:
Lesson planning 4 (29) 10 (71) 0(0)
Lesson observations 7 (50) 7 (50) 0(0)
Reflection sessions 4 (29) 10 (71) 0(0)
Lessons taught by class teachers 3(21) 10 (71) 1(7)

N (lead teachers) = 14. This is the whole population of lead teachers in the trial. Counts are presented as well as percentages due to the small sample.

These results suggest that the intervention plans were fairly closely followed. According to the survey, most lead teachers
and class teachers made only small changes to the plans provided, with a minority of class teachers making what lead
teachers considered to be big changes.

PD programme
Adaptations and their effects

The Lesson Study structure of the PD—which involved preparing for a lesson, teaching a lesson, peer observation of a
lesson, and group reflection on each lesson—was followed by all lead teachers. At a more granular level, two types of
adaptation were observed in implementation of the PD programme activities, one during the lesson planning sessions and
one during the peer lesson observations.

During observations of lesson planning sessions, lead teachers followed the order of activities quite closely, but one main
type of adaptation was observed. These sessions contained some activities that started with a stimulus (such as a video of
a Maths-for-Life lesson) and then led into a group discussion. Each stimulus was designed, in part, to address a key concept
in the Maths-for-Life approach to teaching. The guidance for lead teachers specified this conceptin each case and provided
a question to focus the PD discussion accordingly. In some cases, this part of the guidance was not followed by lead
teachers. In one case, forexample, the lead teacher followed an instructive video with a completely open-ended discussion,
led by the participating teachers. The intervention description (Appendix E) does specify that some variation in discussion
topics is encouraged so that the PD sessions are responsive to the needs of the participants, but it also specifies that key
pedagogical principles of Maths-for-Life should not be altered. As a result of this deviation from the plan, the group’s
conversation moved quickly between a range of topics, without in-depth exploration and without any discussion of the
intended topic (in this case, ‘reciprocal dialogue’). This approach seemed to limit the value of the discussion for the
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teachers, as no clear insights that might influence their practice were produced and the main ‘lesson’ of the activity was not

addressed.

Observations of teachers taking part in lesson observations also revealed one type of deviation from the lesson
observation guidance. Class teachers playing the role of observer during a lesson were asked not to intervene with students
as ateacherwould, i.e. not to help the students with their work. Some teachers found this difficult to do and were observed
asking students questions to help them solve problems. The approach to helping students that was taken by these teachers
was broadly aligned with the Maths-for-Life pedagogy—asking questions, rather than giving answers—and did not seem to
have a negative effect on the students. However, by intervening in this way, these teachers did not have the opportunity to
see how students were responding to the lesson under ‘normal’ conditions (without their intervention). Seeing this was one
of the ways that the PD programme aimed to deepen teachers’ understanding of how students learn. This adaptation may
therefore, have resulted in a less effective PD experience for these teachers.

Factors affecting adherence

Three factors that affected adherence to the PD plan were identified from observations and interviews with lead teachers:
i) the complexity and presentation of PD resources; ii) the preparation and attention to detail of the lead teachers; and iii)
the class teachers’ attitude towards and understanding of the PD process. These factors are discussed in turn below.

First, each lesson planning session included a range of different resources for the lead teacher to manage, including the
lesson plan and slides that class teachers would be using with their students, instructive videos, handouts for class
teachers, explanatory notes for lead teachers on elements of the theory, and an A3 sheet for the lead teacher that aimed to
summarise the activities and resources for that session. Lead teachers valued the A3 sheet as a tool that summarised the
key activities and resources to be used during each session, but the complexity and slightly fragmented presentation of
theseresources seemed to lead to some of the subtle adaptations described above in terms of discussion topics (Appendix
F). In moving between activities and resources, lead teachers sometimes missed the detail of instruction. One lead teacher
described this happening because they did not want to disrupt the flow of the session by having to refer too closely to the
notes. Another suggested that a slideshow for lead teachers would have helped them to manage the flow and details of the
activities. While this teacher saw a rationale for avoiding slides—as this may take away from the discussion-based nature
of the sessions—they described finding it difficult to ask the key session questions and ensure that the key topics were
discussed in the absence of a tool like this.

Second, the preparation and attention to detail of the lead teacher also played a role here. One lead teacher described
not taking enough time to prepare for the early PD sessions, resulting in less flow and some details being missed. The other
lead teacher that was interviewed also highlighted the importance of detailed preparation given the complexity of each
session.

Third, the fact that some class teachers intervened with students when they were supposed to be observing seemed to be
in part down to their understanding of the PD process. During one reflection session that was observed by the researcher,
teachers who had intervened to help students did not seem to understand why it was important for them to hold back and
what they may have missed as a result. The lead teachers interviewed described having detailed discussions about this in
their first PD sessions but reported some class teachers struggling with the idea throughout the programme.

Lessons
Adaptations and their effects

As with the PD, the survey results suggest that the five Maths-for-Life lesson plans were fairly closely followed by the majority
of class teachers, with a large majority reporting making ‘small changes’. However, lesson observations and interviews
revealed three types of adaptation made by class teachers that may have influenced the effectiveness of the intervention:
i) removing planned dialogue; ii) dropping key activities; and iii) adding new content. These are discussed in turn below.
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In some cases, teachers removed planned dialogue from the lessons. This was the case for instances of both student-to-

student and teacher-to-student dialogue. In the former type, students were sometimes encouraged to work alone because
they were substantially ahead of the rest of the group in their mathematical understanding. Alternatively, some students
were allowed to work alone if they refused to participate in paired and group work. In less extreme cases, teachers ran an
activity that required student-to-student dialogue but did not enforce the nuances of the activity’s design. For example,
some paired activities stipulated that students should take on specific roles (the scribe and the reader) and swap these
roles for each new problem, as a way of encouraging both students to speak, but some teachers did not enforce this rule.
The result of these deviations was that some students did not interact with their peers at all, and some had more limited
interactions than were intended. Some teachers also removed planned elements of teacher-to-student dialogue; for
example, by running whole-class plenaries with didactic demonstrations, rather than by asking the class questions that
were built into the lesson plans. Beyond this, teachers also sometimes found it difficult to adopt a dialogic approach when
offering one to one and small group support during activities.

| think a lot of ours are so low in confidence that sometimes it feels like if you don’t help and talk them
through it really quickly then they just get totally lost and worried that they are not going to get [it] at all.
(Class teacher 1)

Student-to-student and teacher-to-student dialogue are both central parts of the intervention’s logic model, and the
findings about causal mechanisms below suggest that both were effective mechanisms for some students. Class teachers
that removed some opportunities for planned dialogue from the lessons may therefore, have reduced the effectiveness of
their lessons. The case of more advanced students was not clear cut on this point, however. Some teachers saw value for
these students in explaining concepts to their peers, and deepening their own understanding, or consolidating their
knowledge in the process. Where the gap was very wide, however, it seemed more productive for more advanced students
to work on different problems that were beyond the understanding of the rest of the group.

It’s just that my classes are...such a wide level of ability from barely scraping, maybe grade 2/3 up to grade
7. [So] l use different tactics... [On] that particular occasion [one student] had advanced and | knew exactly
where her algebra skills were from her previous education... [S]he immediately could go straight to the end
[by] using algebraic expressions. She doesn’t come for the full time each week because she works, and for
her to spend an hour and a half peer teaching it wasn’t appropriate. (Class teacher 2)

In this class, which was an extreme case in terms of the range of student ability, the whole-class plenary discussions were
alsoremoved by the teacher because even those students who were working in groups made progress at very different rates.
This meant that some of the more advanced students were left to progress to the next activity on their own, without the
teacher being able to prepare them for it. This resulted in some confusion, with students reverting to simpler methods, rather
than those encouraged in the lesson plan. However, the class teacher in this case was conscious of this issue, quickly
circulating around groups to bring them back on track and using support staff to help with this. This seemed to be effective
but required a high level of awareness and skill from the teacher, which was beyond the level of skill observed in other
classrooms; particularly those where the dialogic approach was new to the teacher.

As well as changing the approach to teaching, some teachers were also observed dropping key activities from lessons,
including those that were designed to induce cognitive conflict, representations that were designed to deepen student
understanding, and the final part of lessons that were designed to bring closure. Of the first type, there was one activity that
teachers found particularly difficult to use effectively. In this activity, students were asked to review two different example
responses to a problem, work out what had been done differently in the two cases and, which response was correct. The
intention of this activity was to induce cognitive conflict and, in so doing, reveal two important algebraic concepts. For some
teachers, this activity induced too much confusion among their students, whose basic grasp of the key concepts was not
strong enough to grapple with a problem like this.

[A] lot of people were getting confused...It was trying to show them that the boxes [variables] can [represent

different values]...But, | felt it was just that slight jump too far to get to this. | don’t think they were solid
enough in what that meant and why [the two examples produced two different answers]. (Class teacher 1)
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Some of the representations that were designed to expose the mathematical structure of a concept and deepen
understanding were also seen as confusing or superfluous by some teachers. In this category, there were some objections
to specific representations—for example, a number line—but there were also teachers who saw dialogue as the core

component of the intervention, and reported using the representations only occasionally.

I think it’s about the dialogue and the doing, and for some students | think the [representations were] really
important and for others [they weren’t]. | liked giving lots of different options. | think you know your students
and you have to adapt everything to your students. (Class teacher 3)

During a lesson observation, this teacher also decided not to complete the ‘closure’ part of the lesson. This also seemed to
be based on a decision to focus on student-to-student dialogue, in part because the group was so lively and very difficult to
engage in the whole-class elements of the lesson. This class did engage in problem-solving in pairs and groups, but this lack
of emphasis on the representation and closure components of the lesson may have left students with a less secure sense
of understanding.

In one observation, a teacher added a starter activity that was not in the Maths-for-Life lesson plan. This activity was a
worksheet with questions to be done on an individual basis, covering a range of topics, all of which were different to the
main topic of the lesson. In interviews, students described this approach as confusing but characteristic of their ‘normal’
(non-Maths-for-Life) lessons, which often skipped between multiple topics. The discussion of causal mechanisms below
picks up on this issue in more detail.

Factors affecting adherence

Five factors were identified from interviews and observations that seemed to affect class teacher adherence to the lesson
plans and approach: i) teacher preparation; ii) flexibility in the scheme of work; iii) the quality of the teaching resources; iv)
teacher attitudes; and v) student attitudes and understanding. These factors are discussed in turn below.

Class teachers described two elements of the intervention that helped them prepare in detail for each lesson, which in turn
supported their adherence to the lesson plans. First, the lesson planning component of the PD, which involved an in-depth
discussion of each lesson before it was taught, was identified by lead teachers and class teachers as particularly important.
The fact that these sessions encouraged teachers to question the rationale of the lesson design and included videos of
elements of the lessons being taught, seemed to contribute to their effectiveness. Second, class teachers observed their
lead teacher teaching Lesson 1 before attempting it themselves. This was described as building confidence in the approach
that made it more likely that class teachers would be faithful to it in their own classroom.

I let them observe me first and...l think that was a good thing to do, because it allowed them to see that it’s
okay to teach like this and that actually, the students generally enjoy it. You get quite a nice vibe going on in
the classroom, and it also gave them the experience of seeing the questions the teacher needs to ask in
action, as well as the videos. In the feedback after that session they were quite surprised...about how | was
during the lesson. (Lead teacher 2)

Third, in some cases class teachers tried out Maths-for-Life lessons with other classes; some that were in the trial and some
that were not. Sometimes these practice lessons resulted in teachers reducing their adherence (because they felt that an
activity did not work) but sometimes increased adherence (because they became more comfortable with the approach).
Both class teachers and lead teachers suggested that the depth of preparation that Maths-for-Life supported was
considerably greater than in their normal practice. Teachers did not have the time to prepare for ‘normal’ lessons in this
way, but this level of preparation was seen to be very valuable. Related to this, teachers who felt that they had the flexibility
in their scheme of work to spread a Maths-for-Life lesson over multiple sessions were able to cover the content more
comprehensively, for example, ensuring that the ‘closure’ part of the lesson was not missed, as described above.

The high quality of the teaching resources was highlighted by both lead teachers and class teachers. Lessons were seen
to be well-structured and supported by good slides (which supported the facilitation of activities and discussions, rather
than acting as a script for teachers).
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All the materials are done for you, they’re all differentiated. There’s a clear plan attached as to how to use
them in what circumstance and how to conduct it well, how to ask questions, how to prompt learners to
construct their own understanding through the activities, and how to end the lesson. So it’s extremely
comprehensive in that sense, and | would recommend using it because not only is it great for that particular
lesson you’re teaching but also is a springboard as it was with me, ideas how to develop other material for
different topics. (Class teacher 2)

This quality was seen to affect adherence by giving teachers confidence in the approach and by providing a clear framework
within which they could implement the more difficult parts of the pedagogy.

You’ll get teachers saying, ‘| couldn’t do that with my students. My students struggle too much’, and it’s not
the case. It’s just that they lack [the] confidence to...[let] them have a go. | think the design and structure of
[the] lesson[s] enables that discussion to take place. (Lead teacher 1)

Teachers’ attitudes towards the intervention seemed also to affect adherence. Attitudinally, teachers who were
committed to faithful implementation and perceived the intervention as effective, seemed more likely to follow the lesson
plans and the dialogic approach more closely. The former attitude seemed more important when it came to adherence.
Some teachers were agnostic about the latter (even leaning to more didactic practice in their day-to-day teaching), but were
still observed following the plans extremely closely, because they were committed to engaging in the details of the design
and trying the intervention as it was intended to be delivered. However, others—who reported strongly believing in the
dialogic approach—quickly dropped or adapted activities when they perceived them not to be working for their students.
One teacher in this second group, who reported being very experienced and comfortable with the dialogic approach,
seemed to make the decision to drop key representations quite quickly.

[I]t was just all these things going everywhere. They were just like, ‘this is too confusing,’ so | said, ‘okay if
you all have different methods just put it on the wall,” and we took it from there. (Class teacher 3)

It was not clear whether this decision was based on sound judgement, or a lack of engagement with the details of the
intervention’s design, in this case, the rationale for the representation. In a lesson where the teacher took a very different
approach—sticking closely to the representations and their rationale—it did seem to benefit the students. For example, in
a lesson on algebra, some students in this latter teacher’s class wanted to skip the use of the pictorial representation (a
series of boxes) and move directly to using algebraic expressions. In an effort to maintain fidelity, the teacher prevented
them from doing this, insisting that they progress through the lesson as it was designed. These students were observed
making mistakes in constructing algebraic expressions at the beginning of the lesson and using them effectively by the end
of the lesson, in conjunction with the box-based representation that they had been taught.

The final factor that seemed to influence adherence was students’ attitudes and level of mathematical understanding.
Some students refused to participate in paired and group work; a core part of every Maths-for-Life lesson. Students in this
category who were interviewed described finding it difficult to have conversations with students that they did not know.
During lesson observations, teachers were seen effectively encouraging students like this who were reluctant, but
potentially willing. In some cases, this resulted in sustained group work, but in others, these students reverted to individual
work as soon as the teacher left them. In extreme cases, where students were highly resistant, teachers did not attempt to
place them in pairs or groups at all. Other students, who were happy with the group work, refused instead to engage with
some of the representations—another core part of the intervention—sometimes preferring methods that they had been
taught at school or that their peers had shared with them. This was explained by some class teachers as a desire on the part
of the students to find the most efficient method. However, lesson observations revealed a slightly more complex picture.
While some students were observed rejecting Maths-for-Life representations on the grounds of efficiency, it sometimes
seemed that a lack of understanding (and a lack of desire to develop understanding) was the real reason. As with the attitude
towards group work, the teacher influenced whether or not this attitude led to a lack of adherence. Some teachers strictly
enforced the use of each representation when it was specified in the lesson plan, where others did not.
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I think it’s about the dialogue and the doing, and for some students | think the [representation] was really
important and for others it wasn’t. | liked giving lots of different options. | think you know your students and
you have to adapt everything to your students. (Class teacher 3)

Dosage

Table 34 summarises the amount of the PD programme received by class teachers and the number of Maths-for-Life lessons
received by students. Less than half of teachers (44%) participated in all core PD activities. However, on average, they
attended almost four out five of the intended planning sessions and lesson observations. There was very high variation in
the length of the planning and reflection sessions that were run by lead teachers for class teachers; an average of two hours,
with a range of one to five hours. The plan was for each planning and reflection session to run for approximately three hours
(roughly one hour for reflection and two hours for planning the next lesson). The dosage here is therefore, broadly in line with
the intervention specification.

The picture is better for students, with 75% of classes receiving all five Maths-for-Life lessons, and an average of four per
class. As with the class teacher PD sessions, lesson length varied widely; between 40 minutes and nearly 120 mins. The
average lesson length of 90 mins is 30 mins longer than the intended 60 mins. However, the intervention was designed to
allow for this wide range, explicitly specifying that teachers might take between 60 mins and 120 mins for each lesson.

Table 1: Summary statistics on dosage

Item Statistic
Dosage received by class teachers:

% teachers who participated in all PD activities (five planning sessions and five

0,
research/observation lessons) 37/84 teachers (44.1%)

Mean number of planning sessions attended 3.77 sessions (0-5)
Mean number of lesson observations attended 3.69 observations (0-5)
Mean length of planning sessions 124 mins (~120 mins) (67-300 mins)

Dosage received by students:

% classes that received all five lessons 187 classes (75.4%)
Mean number of lessons delivered per class 4.34 lessons (1-5)
Mean length of lessons 88 mins (~90 mins) (40-218 mins)

N (class teachers) = 84. This is the whole population of class teachers in the treatment group. Figures in brackets are the range for that statistic.

Factors affecting dosage

Three factors were identified as affecting how much of the intervention was received by students. First, class size seemed
to play a role, with one teacher suggesting that having a small class (12 students) made it easy to teach lessons within the
specified time (and sometimes in less time). Second, student understanding and progress was identified as an important
factor. One lead teacher suggested that some Maths-for-Life lessons could be doubled in length, depending on the level of
progress made by the class, and this was seen to happen during lesson observations. For example, an observed lesson that
covered expanding and factorising was split over two 60-minute-sessions (one for each sub-topic) based on the teacher’s
judgement of the class’s level of understanding. Third, teachers’ views about an acceptable amount of progress in terms of
topic coverage (in line with the wider scheme of topics to be covered during the year) also seemed to affect how much time
was given for each Maths-for-Life lesson. One lead teacher suggested that some teachers went into lessons with a certain
amount of content that needed to be taught in mind.
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I'think [the class teacher] is probably wanting to get through to where he wants to get through to...[H]e could
be a bit more relaxed and just a bit more able to listen to what the students are saying, reflect on it and just
have a slightly more context-dependent response. (Lead teacher 2)

Programme differentiation

Control group experience

Teachers in the control group were asked to complete a survey, reporting their participation in PD programmes that could
be similar to Maths-for-Life in the past five years. Following the guidance of the developers, six questions were asked in this
survey to represent the six key characteristics of the Maths-for-Life PD. Table 35 below shows the findings.

Table 35: Control teacher programme differentiation survey results
ltem % (% in past year)

Teachers in the control group who reported taking part in PD in the last five years on...

maths teaching 93 (48)
teaching specific maths topics 83 (44)
how to ask questions to deepen students’ understanding 74 (39)
how to use group work to support student learning 70 (33)
formative assessment 78 (24)
student-centred approaches to teaching 74 (30)
Teachers in the control group who reported taking part in all six elements in the past five years 48
Teachers in the control group who reported taking part in three or more elements in the past five years 89

N (class teachers in control) = 46. This is approximately half of the total population of control group class teachers in the trial.

These results suggest that the majority of teachers in the control group had participated in PD programmes with similar
elements in the past five years, with almost half taking part in programmes that covered all six elements specified. A
substantial minority also reported taking part in PD with similar elements during the intervention period (‘in the past year’).
This might mean that the observed effects of the intervention are smaller than they otherwise would have been. There may
have been an element of selection bias in the trial sample here, with settings and teachers that are more amenable to the
Maths-for-Life approach signing up to the trial, though we do not have any evidence to verify this hypothesis. However, these
findings should be read with caution for two reasons. First, it is very difficult to accurately assess by survey whether the
control group teachers’ experiences really were similar to those in the intervention group. While efforts were made to specify
the different elements of the Maths-for-Life PD and lesson study approach, these brief descriptions have a range of different
but reasonable interpretations and the survey tells us nothing about the quality of the PD received by each teacher.®
Second, we cannot say from these results whether these potentially similar PD experiences in the control group transferred
into similar practices in the classroom (the ultimate driver of any effects on students).

Intervention group experience
The results of the survey with teachers in the intervention group suggests a slightly different picture. Here, only 34% reported
having taken part in PD that was similar to Maths-for-Life in the past or during the trial period.*? Around 58% reported that

31 The developers at the University of Nottingham believe that it is very unlikely that teachers had participated in similar programmes,
particularly ones with a Lesson Study approach, given their knowledge of the available provision in England.

32 Given the random assignment, this difference between intervention and control group is unusual, and more likely an artefact of the
surveying, rather than a real difference. Teachers in the intervention group were asked to directly compare their Maths-for-Life PD
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the Maths-for-Life approach to teaching was different to their normal approach, with 17% saying that it was very different.
This means that nearly half of the intervention group (42%) considered the Maths-for-Life approach to be similar to their
normal practice. Given the random assignment of settings to the intervention, a similar proportion of teachers in the control
group would be expected to say the same if presented with the Maths-for-Life intervention. If these teachers are right, this
is further reason to expect a smaller effect from the intervention, as nearly half the teachers in the control group will have
been teaching in the same way. Having said this, the case study findings above, suggest that teachers found many core
elements of the lessons different and, in some cases, difficult to implement. The qualitative data—especially from student
interviews—revealed five clear points of difference between the Maths-for-Life approach and some teachers’ day-to-day
practice.

First, all Maths-for-Life lessons focused on a single topic. In interviews, students identified this as a valuable feature of the
intervention’s approach.

In his usual lessons, what he does he puts objectives onto the side of the board, but he’ll go from say, ratios
and fractions and jump to algebra and Pythagoras...[The Maths-for-Life lessons are] easier to understand
because it’s just one thing. He’s not telling us like fifty different things on questions we’re not even on,
because some of us work faster in the group and with this we’re all on the same page...and not working
ahead of each other and getting confused about what he’s saying. (Student 16)

Second, Maths-for-Life lessons were described by students as more interactive in three senses: they involved interaction
with peers through paired and group work; they involved activities other than exam questions (such as card matching); and
they led to more interaction between the teacher and the students.

[In the lessons that focus on] exam questions, [the teacher] just gives it to us and he sits there sort of thing.
So he gives it to us for half an hour, 40 minutes and will go through it on the board. Then it will just be like,
‘some got it wrong, and some got it right.” But when it’s a Maths-for-Life [lesson], he is walking around and
always engaging and talking to people and that sort of thing, rather than just leaving it with us. (Student 18)

Third, students described non-intervention lessons as less focused on developing their understanding.

[Normal lessons are] like being spoon fed. [The teacher] spoon feeds us and we don’t want to do that, we
want to learn why is it that. So that when we come to it next time we’re not just expecting him to put the
answer down. (Student 16)

Fourth, both students and teachers identified a difference in the quality of planning and design between Maths-for-Life and
other lessons. Students described Maths-for-Life lessons as having a clearer structure and progression from one activity to
the next. Teachers described basing some other lessons around exam questions, with no activities that were designed to
develop a broader understanding of the topics in question. One class teacher in the case study cohort was teaching with no
scheme of work at all and expressed demand for double the number of Maths-for-Life lessons to fill this gap.

Responsiveness

Class teacher engagement

Classteachers were asked by survey to report how engaged they feltin the three parts of the PD programme. Table 36 below,
shows the findings. These results suggest that teacher engagement was high. Interviews with class teachers suggested that
where general practice was changed, this took place in one or more of three areas: they became less focused on exam

experience with previous experiences, whereas teachers in the control group had no such direct experience of the intervention to use
as a point of comparison. Itis perhaps not surprising then that the class teacher survey suggests a greater differentiation between the
intervention and other experiences that the class teachers may have had.
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questions; they increased the amount of teacher-student dialogue; and they adapted some of the Maths-for-Life activities
(like card matching) and representations for other topics.

Table 36: Teacher responsiveness survey results

Item % (% strongly agree)
% class teachers who reported being actively engaged in the lesson planning sessions 84 (48)
% class teachers who reported being actively engaged in the lesson observation sessions 89 (3)
% class teachers who reported being actively engaged in the reflection sessions 83 (45)
% class teachers reporting a change in their general teaching practice (outside of Maths-for-Life lessons) 83(14)
% class teachers reporting resources supported differentiation 70(13)

N (class teachers in treatment group) = 64. In total, there were 84 class teachers in the treatment group. Response options were: Strongly agree; Agree;
Neither agree nor disagree; Disagree; Strongly disagree; Don’t know; and Don’t want to answer.

Factors affecting teacher engagement

From interviews with teachers and observations of PD sessions, three factors were identified as influencing teacher
engagement in the intervention: i) the style of the PD; ii) the perceived robustness of the intervention; and iii) the fact that
teachers chose to participate.

Lead teachers believed that the style of the PD was particularly appealing to teachers. They liked the depth of engagement
with a single lesson that the Lesson Study process required, and the interactive nature of the programme.

I think it is the process; it’s the lesson study...[T]hey get a chance to talk and think about a lesson, do the
lesson, see the lesson and then talk about it afterwards...l think it’s them involved with it rather than
something being done to them...l think they like the time involved. (Lead teacher 1)

Conversely, when PD sessions became less interactive and more didactic (which happened rarely due to the design), the
attention of some teachers was observed to wane. Class teachers also described the robustness of the approach—both
in terms of the intervention and the evaluation—as an important factor that motivated their engagement. Related to this was
an expectation that the intervention was likely to produce benefits for students.

| have been on the EEF [website], and | knew it was going to be a randomised control study...It wasn’t just
something that you know, somebody fancied having a go at. | knew it was Malcolm Swan, it was based on
his work and I’'ve used a lot of his stuff before, so | just figured it would be something robust. (Class teacher
6)

Finally, where teachers chose to participate this also seemed to contribute to the high levels of engagement reported in
the surveys and seen in observations and interviews. This included teachers who were keen to try something new, as well
as some teachers who were very familiar with dialogic teaching and the Standards Unit Box.

Student engagement

The class teacher survey asked teachers to report how engaged they believed their students to be in Maths-for-Life lessons.
The results suggest that the majority of students were engaged in Maths-for-Life lessons, but a minority of teachers
suggested that this engagement was higher than in other lessons and a low proportion strongly agreed with the survey
statements; perhaps reflecting a general difficulty in engaging students in any GCSE resit lessons. The levels of student
engagement seen during lesson observations varied substantially, especially with the elements of the lessons that required
student-to-student dialogue. In some observed classes, the interaction between students during paired and group activities
was extremely limited, requiring almost constant teacher input to encourage and maintain discussions. At the other end of
the spectrum, engagement in student-to-student dialogue was extremely high. In this case, students were so lively in their
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conversations (which were on topic) that other elements of the intervention became difficult to deliver (described in more
detail below).

Table 37: Student responsiveness survey results

Item % (% strongly agree)
% class teachers reporting that students engage in Maths-for-Life lessons 84(17)
% class teachers reporting that student engagement is higher in Maths-for-Life lessons than others 39 (6)
% class teachers reporting that students enjoy Maths-for-Life lessons 66 (9)
% class teachers reporting that students enjoy Maths-for-Life lessons more than others 28 (0)

N (class teachers in treatment group) = 64. In total, there were 84 class teachers in the treatment group. Response options were: Strongly agree; Agree;
Neither agree nor disagree; Disagree; Strongly disagree; Don’t know; and Don’t want to answer.

Factors affecting student engagement

Interviews with teachers and students revealed five factors that seemed to influence student engagement in the
intervention: i) the depth of learning; ii) enjoyment of group work; iii) students’ maths confidence; iv) the relating of maths to
‘real life’; and v) the difference between Maths-for-Life and other lessons.

Students described Maths-for-Life lessons as encouraging a greater depth of engagement with the subject by basing each
lesson around a single topic and asking students to focus on their understanding (as opposed to the application of
techniques to get to the right answers). This focus on depth was supported by the interactivity of the lessons, the use of
representations, and more focus from the teacher on student understanding. Some students described this approach as
motivating their engagement in the lessons (as well as supporting their learning).

[lln a normal lesson you write, you leave, you forget. But these sorts of lessons you go in and you have to
actually apply it instead of just doing questions and answering. So, when you are having to apply it you’re
learning and you are recognising where you are going wrong and where you are going right. So then, you just
start understanding the algebra, proportions or anything...[NJormally you will get a few questions, but it’s
mostly just the teacher talking to you, do this, do this, do this...But in these sorts of lessons it seems more
like we will give you this, try it. He [teacher] will obviously help us if we don’t understand it, so then we will
be going through it and start getting it and start getting better.... It makes more sense, because the whole
point in doing maths is to learn maths. (Student 19)

However, for some students, this focus on depth and understanding led to them disengaging with the intervention. Students
in this category were exam-focused and were sometimes attached to methods or techniques that they had learned at school
and considered to be reliable.

For me it’s quite contradictory because we’ve already got methods, so instead of learning methods that
we’ve already got and perfecting them. It’s like going back to square one and learning methods that you
might not particularly use so for me it’s just time wasting. (Student 14)

Related to these attitudes was a focus on getting the right answer (rather than understanding why it was right) and,
sometimes, a lack of interest in deepening their maths understanding and, for some, a fear of not being able to answer
specific exam questions without step-by-step processes to follow in each case.

I literally watched a quick five or ten minute video on YouTube and that worked better for me than the
[Maths-for-Life] cards if I’'m honest with you. [T]hat video literally went step-by-step and how to work out
this question...It has to relate to exam questions because if it doesn’t, then the exam question could be
something completely different to what you have learnt and it’s really difficult to get your head around
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it...[T]here’s numbers literally everywhere, and | need to learn how to focus on narrowing it down. It sounds
silly, but it can be quite intimidating for some students. (Student 19)

The extent to which students enjoyed group work seemed to be an important determinant of their engagement. Some
students described being engaged in the intervention lessons as a result of the group work elements. For some, this was
because the dialogue required by the lessons made them feel valued.

I like this class because everyone gets a chance. Everyone gets a chance to say an answer, and everyone
gets a chance to say this is my way of doing it, and | like that. I’m learning from you, and you are helping me.
(Student 4)

This effect of group work on engagement seemed to be moderated by the quality of the relationships between students.
Even students who were very low in confidence enjoyed group work if these relationships were positive.

I struggled at school, and | was bullied at school, so...I kind of sat at the back of the class and thought ‘oh
god’...[W]hen | was asked something | couldn’t even speak. [I]t’s...completely different now to what it was
back in the school days...I think it’s because we’re all grown-up...There’s a lot of positivity. (Student 1)

However, both teachers and students believed that, where these conditions were not present, students with low
communication confidence found it difficult to engage with their peers. Beyond this, there were some students for whom
confidence was not an apparent issue, but who just preferred working alone. However, as noted above in the findings on
fidelity, high engagement in group work and discussion did not necessarily mean better learning. In the lesson observation
where student engagement in group work was highest, it was difficult for the teacher to hold the class’s attention for long
enough to explain important representations and to deliver the ‘closure’ part of the lesson.

Students' general confidence in maths also seemed to influence their engagement. Some students described not wanting
to engage in discussions unless they felt confident in the topic. However, both teachers and students suggested that the
problems set in Maths-for-Life lessons were of a type that most students could engage in some way.

I think the [intervention] is just trying to encourage [the students] to explore a bit and not panic about ‘we
are not going to know this’ or ‘we are not going to get the answer.’ It’s just doing some maths, and generally,
the tasks are set-up where they can do something, even if it’s not necessarily the right thing. They can have
a go. (Class teacher 1)

Finally, some students were engaged by the fact that the Maths-for-Life problems were related to ‘real life’ (e.g. paint
prices), and others described enjoying the lessons simply because they were different to their normal lessons.

It’s refreshing for us. It’s nice to do different. (Student 1)
Quality
Quality of the PD programme
The class teacher survey results suggest that teachers rated their PD experience highly, believing that their lead teacher had

the right combination of skills, experiences, and attitudes for the job.

Table 38: Quality of PD programme according to class teachers

ltem %
% class teachers rating the PD as good or excellent 78
% class teachers reporting that the lead teacher was a good facilitator 77
% class teachers reporting that their lead teacher had the right professional experience for the role 80
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% class teachers reporting that their lead teacher had strong understanding of Maths-for-Life pedagogy 81

% class teachers reporting that their lead teacher believed in Maths-for-Life pedagogy 81

N (class teachers in treatment group) = 64. In total, there were 84 class teachers in the treatment group. Response options for the first item were: Excellent;
Good; Average; Poor; Very poor; Don’t know; and Don’t want to answer. Response options for the other items were: Strongly agree; Agree; Neither agree
nor disagree; Disagree; Strongly disagree; Don’t know; and Don’t want to answer. For the latter set, we report the percentages of teachers who Agreed or
Strongly agreed.

Factors affecting the quality of PD

PD observations and interviews with lead and class teachers identified five factors that influenced the quality of the PD
programme: i) the structure and management of discussions; ii) the complexity and presentation of PD resources; iii) the
lead teacher’s understanding of the Maths-for-Life theory and lesson designs; iv) the quality of the cohort; and v) the
structure of the programme.

The PD programme involved a lot of discussion between class teachers, both in the lesson planning sessions and the
reflection sessions that followed the lesson observations. The way that lead teachers structured and managed these
discussions seemed to have a strong effect on the quality of the PD experience. During the lesson planning sessions
observed, lead teachers were observed asking questions that facilitated productive learning conversations. For example,
after showing a video clip of a Maths-for-Life lesson, the lead teacher began by asking: ‘What happened?’, which sparked a
good discussion about the students’ understanding and the teacher’s approach. The lead teacher then followed up with:
‘What would you do to move things on?’, which led to a specific and productive discussion between class teachers on
possible approaches that could be taken in the classroom. Lead teachers also asked questions that facilitated productive
learning conversations during the reflection sessions that followed the peer-to-peer lesson observations, but these
sessions were sometimes less successful overall. In the reflection sessions observed, there was no obvious structure to
the discussions, and class teachers offered a range of observations, which were often unrelated to each other and were not
always probed in sufficient detail to result in concrete ideas that teachers could take into their classrooms. During these
sessions, lead teachers were seen to give better quality feedback than class teachers, giving some detailed descriptions of
students’ experiences and linking these descriptions back to the Maths-for-Life pedagogy. However, lead teachers also
reported struggling to give effective feedback, even when they had identified specific things that a class teacher could do to
improve.

I think the reason why | didn’t say anything was because | didn’t know what words to say. (Lead teacher 2)

The complexity and presentation of PD resources has been described above as affecting fidelity but was also identified
as a factor affecting quality. As described above, managing discussions effectively required skill and effort from the lead
teachers, and when elements of the PD instructions became too complex, the quality of discussions sometimes suffered.
In one observation, for example, the facilitation guide contained the instruction to discuss ‘how class teachers actions can
facilitate and inhibit cognitive conflict’. The lead teacher struggled to ask a question that met this aim and, consequently,
the discussion did not address the topic at all. More generally, lead teachers sometimes described being unclear on
substantial details of session plans. In one case, for example, the lead teacher did not know whether they should be showing
the slide show for the lesson that was being discussed, as this detail was unclear in the facilitation guide. The effects of this
complexity in the resources was related to the lead teachers’ understanding of the Maths-for-Life theory and lesson
designs. In the pilot year, the PD was delivered by the developers, with one facilitator who was focused on the design of
each lesson and one that had a deep knowledge of the theory of dialogic learning. One lead teacher identified gaps in his
knowledge and understanding relative to these facilitators.

[Developer 1] was totally on top of the material...[Developer 2] would...give us a little bit of theory, some
literature. So you’ve got [Developer 2] as an absolute expert, which is inspirational in itself and because
[Developer 1] created the materials he did know them inside out, and that probably wasn’t there with me
at the start. (Lead teacher 2)
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As the programme relied on class teachers sharing ideas, knowledge, and experience, the dynamics of the cohort of class

teachersin each cluster also seemed to influence the quality of the PD. Two factors were identified as important here. First,
class teachers valued the creation of an environment where they felt safe to have open discussions about their practice.

[l]t’s a safe environment and you have got to have trust in each other...[It’s important to know] that you can
talk to each other freely and it’s not a personal criticism and it’s not going back anywhere saying that they
do this and they do that. (Class teacher 5)

Second, the quality of the cohort, in terms of experience and commitment, was also seen as important by some.

They were all really experienced teachers which was fantastic, so everybody discussed what they thought
might be issues. It was a very open and frank discussion, and after you delivered a lesson people were
saying that ‘this went well,” and ‘that didn’t go well,” and ‘you want to try something different.” We always
met, and everybody was always there, and it was really great. (Class teacher 3)

Finally, while the findings above focus on the way that the PD was facilitated by lead teachers and the makeup of the teacher
cohorts, the overall structure of the programme was a factor that seemed to ensure a certain level of quality, in the sense
that it encouraged a useful process of doing, observing, reflecting, and planning.

I like it all. There is observing and then reflecting afterwards and...discussing...what was to come. (Class
teacher 3)

Quality of Maths-for-Life lessons
The framework used to assess the quality of delivery of lessons was the Maths-for-Life ‘five key pedagogies’: cognitive
conflict; formative assessment; collaborative learning; models of structure (or ‘representations’); and closure.

Three levels of teacher engagement with cognitive conflict as a tool for teaching and learning were identified through lesson
observations. At the first level, teachers tried to minimise the amount of confusion experienced by students by intervening
quickly and directly. When students were working in small groups, this intervention included correcting errors while
students were in the middle of a problem, offering unsolicited suggestions for changes in approach, and even taking the
students’ pen and writing solutions out on the groups’ mini whiteboards; all before asking any questions of the students.
For example, after a couple of minutes of starting the first problem of the lesson, a pair of students asked a teacher for help.
Rather than asking the students a question, the teacher began with a direct instruction to, ‘Start with x = Jelly Snakes’. In
doing so, the opportunity seemed to be missed to assess what the students did or did not understand, and to allow them to
use their confusion to deepen their understanding. When teachers were operating at this level, they allowed almost no
cognitive conflict to be expressed during whole-class discussions, preferring instead to either take input from students who
obviously understood, or to bypass student discussion and demonstrate how to apply a method ‘correctly’ themselves.

I think a lot of [our students] are so low in confidence that sometimes it feels like if you don’t help and talk
them through it really quickly then they just get totally lost and worried that they are not going to get [it] at
all. Obviously, you don’t want them having that feeling. (Class teacher 1)

At the second level, teachers allowed students to struggle with problems and concepts during group work, using questions
instead of explanations as the starting point for any teacher-student dialogue. As with teaching in the first level, however,
when it came to the whole-class elements of the lesson, the teacher avoided allowing students to express cognitive conflict
and reverted to a more didactic approach. At the third level, teaching actively sought out opportunities to use cognitive
conflict to deepen students’ understanding, both in small group and whole-class work. For example, in one of the
intervention’s lessons, there is an activity that asks the class to review example student responses, try to work out which
one is correct, and try to establish the misunderstanding behind the incorrect response. Teachers were observed finding
this activity very difficult to run due to the level of confusion it engendered in the class, with some choosing to drop it entirely.
In one case however, a teacher did implement it fully, encouraging a wide range of students to give ‘incorrect’ answers and
to explain their (often confused) reasoning. This teacher used extensive questioning to probe the responses given and, as
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the discussion developed, some students were observed having moments of realisation; eventually offering correct and
comprehensive explanations of the problem. Working with cognitive conflict at this level was challenging and time
consuming, as is discussed in more detail in the subsection ‘Factors affecting the quality of Maths-for-Life lessons’ below.

Teachers’ use of collaborative learning, formative assessment, models of structure, and closure related closely to
these three levels of engagement with cognitive conflict. A greater engagement with cognitive conflict was accompanied by
a greater focus on collaborative learning and formative assessment. For example, the teacher that is described above as
being less comfortable allowing students to grapple with confusion, facilitated less discussion (both student-to-student
and teacher-to-student), asked fewer questions and, consequently, carried out less formative assessment during the
lesson. This teacher had a lively style of communication, which kept students engaged but, because they seemed to want
to maintain the pace of the lesson and avoid silences and disengagement, few students were encouraged to speak.
Conversely, the teacher described above that fully committed to the use of cognitive conflict as it was designed into the
lesson, had to facilitate more discussion, and ask more questions. In one exchange with a student, for example, the
questions: ‘How do you know you’re right?’; ‘Is that the only thing you need to do to know you’re right?’; and ‘How could you
check that that’s right?’, helped a student to realise and resolve a mistake, and supported the teacher’s assessment of that
student’s understanding. This teacher was also more committed to the models of structure that were built into the lessons,
as these were designed to help overcome students’ confusion. In this lesson, closure seemed easier to establish, as
students had engaged more deeply with the problems and had moments of realisation during the lesson, which could be
drawn together in a plenary discussion at the end.

Factors affecting the quality of Maths-for-Life lessons

Four factors were identified from interviews with teachers and students as affecting the quality of Maths-for-Life lessons: i)
the quality of the lesson and resource design; ii) the quality of planning and preparation; iii) the teacher’s ability to manage
atension between collaborative learning and closure; and iv) the teacher’s ability to form positive relationships and support
students emotionally.

Teachers and lead teachers described the quality of lesson plans and resources as very high. The lessons were described
as having a logical progression in terms of students’ learning, with starter activities at each stage that prepared students
well for the next step in the lesson. The activities for students were seen to facilitate the pedagogical approach, for example,
a card matching activity on ratios and fractions provided an easy beginning to a student-to-student dialogue (‘Where shall
we put the first card?’), led to a predictable bit of cognitive conflict (‘1:4 is the same as %4’) and gave a framework for teachers
to use to help resolve that conflict. Teachers also described finding it helpful that all problems were placed in real-world
contexts but simplified to an appropriate degree. Finally, the slideshows were seen as well-thought through in terms of their
role in the lesson, supporting the dialogic approach rather than acting as a distraction.

All the materials are done for you, they’re all differentiated. There’s a clear plan attached as to how to use
them, in what circumstance and how to conduct it well, how to ask questions, how to prompt learners to
construct their own understanding through the activities, and how to end the lesson. So it’s extremely
comprehensive in that sense, and | would recommend using it because not only is it great for that particular
lesson you’re teaching but also is a springboard as it was with me, ideas how to develop other material for
different topics. (Class teacher 2)

The quality of planning and preparation was also identified as a key factor affecting the quality of the intervention lessons.
The intervention supported high-quality preparation through in-depth planning sessions with other teachers (as described
above). Class teachers also appreciated being able to see their lead teacher teach the first lesson before trying it
themselves. Some teachers also benefited from being able to teach each intervention lesson multiple times, either because
they had more than one class in the trial, or because they practised the lessons with classes that were not in the trial. On
the other hand, the fact that there were only five topics covered by the intervention, and that the lessons had to be taught in
a certain order, made it difficult for some teachers to integrate the intervention into their scheme of work effectively. Both
teachers and students identified this as an issue.
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It’s like one week we will come in and do a Maths-for-Life lesson and the other day we will come in and do
a booklet based on triangles...It’s like all over the place. (Student 14)

Teachers judged the balance between collaborative learning and closure differently, and this was related to the amount
of cognitive conflict that they were comfortable with encouraging. The quality of this judgement seemed to affect the quality
of student learning. Where teachers intervened quickly and didactically, students seemed to take less from the lessons.
This was particularly because they were designed to be taught dialogically, so even if a didactic approach could be effective,
it was difficult to execute in the context of the intervention. Teachers who were observed struggling with this balance in class
were aware of this and sometimes described the Maths-for-Life approach as very different to their normal practice and
difficult to implement within the constraints of a large class.

The idea is to try and let [the students] solve things, and as a teacher it’s really hard to say, ‘Work it out for
yourself, talk to each other, I’m not going to help.’ You’re wanting them to talk to each other and work it out
and that’s difficult. As a teacher you’re often the first port of call and when you’ve got a big group to get
around you haven’t time, so say, just think about it and I’ll come back in a minute...[But] it could be my fault
as a teacher, because as a teacher we do try to be helpful. (Class teacher 5)

As described in the findings on fidelity above, however, some teachers also seemed to misjudge this balance in the opposite
direction. In one case, the teacher allowed the whole lesson to be based on group work, skipping the plenaries, teacher-led
explanations, and closure element of the lesson. In this instance, the students were highly engaged throughout, but many
left with unresolved misconceptions. The teacher described this as a conscious decision, but it was not clear that the right
balance had been struck.

I just decided to let them go because | felt in that moment that there were so many misconceptions, and
they were really talking them through. | could see that the weaker ones were really engaged and | just
thought | would let it go. (Class teacher 3)

The final factor identified as affecting the quality of the lessons was teachers’ ability to form positive relationships and
support students emotionally. In its simplest form, this factor manifested itself in basic behaviour management. Both
teachers and students identified the importance in Maths-for-Life lessons of ensuring that more vocal students did not
dominate. They also described regular low-level behavioural problems such as lateness, talking over the teacher, ignoring
instructions, and using mobile phones (all of which were observed by the researcher), which needed to be managed by the
teacher for the intervention to be effectively implemented. There were also more subtle issues in this category that required
the teachers’ attention. Encouraging the use of new representations, allowing cognitive conflict, and asking students to try
to understand the maths required skilful questioning and emotional support from the teachers in the lessons observed. For
example, in one group where confidence was very low, the teacher spent a lot of time and energy encouraging the students
to get started by trying any approach with which they felt comfortable, initially ignoring the model of structure that was
supposed to be applied. When a student had been working on their own with trial and error for a while, the teacher
reapproached the student, gave them some enthusiastic positive reinforcement and then asked some questions to
encourage them to try some algebra. This caused anxiety in the student, so the teacher stepped back again.

Don’t worry, you’re doing brilliantly! Step back from any method, trust your instinct and start again. I’ll back
off. (Class teacher 2)

The teacher returned to the same table ten minutes later and tried again, this time asking the student to pair up and
exchange methods with a peer who had made more progress, which resulted in a productive conversation where the student
began to understand the algebraic approach. This process required a close attention to the student’s feelings, knowledge
of their level of understanding, a visibly positive attitude, and a strong commitment to the pedagogy. In interviews, students
in this class emphasised the positive and supportive atmosphere as key to their learning.

[The teacher is] a very lively character and she just allows us to be us, and to ask questions and she goes,
‘Don’t hold back!’. And | think that is the biggest thing: we have to just be us and ask anything. (Student 9)
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Causal mechanisms

PD programme

Class teachers were asked by survey to report whether they believed that each of the PD mechanisms hypothesised in the
logic model (Figure 1) were present for them. Table 39 below shows the findings. A majority felt that most of these
mechanisms were present, with two notable exceptions. Half of respondents felt that their own mathematical
understanding and reasoning had improved as a result of the intervention and a similar number felt that they were
strategically planning for high-quality student dialogue. The first of these mechanisms was also absent in the class teacher
interview data, but the second (strategic planning for dialogue) was mentioned by some teachers. The results of the
qualitative analysis are given below, with descriptions of how the mechanisms may have worked, and why they sometimes
may not have worked.

Table 39: Presence of causal mechanisms according to class teachers

Item %

% class teachers who reported...

being exposed to other teachers’ practices 94
being better at reflecting on practice 73
improving their own mathematical understanding and reasoning 51
improving their understanding of student learning 67
focusing more on deepening student understanding 75
encouraging and guiding peer-to-peer reasoning 69
strategically planning for high-quality student dialogue 55

N (class teachers in treatment group) = 64. In total, there were 84 class teachers in the treatment group. Response options were: Strongly agree; Agree;
Neither agree nor disagree; Disagree; Strongly disagree; Don’t know; and Don’t want to answer. For the latter set, we report the percentages of teachers
who Agreed or Strongly agreed.

Exposure to other teachers’ practices was seen as beneficial by interviewees for one or more of three reasons. First,
seeing another teacher doing things differently gave some teachers’ the confidence to change their approach. For example,
after observations teachers described allowing cognitive conflict to develop more readily and giving more time for students
to work on problems than they otherwise would have. For some teachers, the benefits of this mechanism went beyond
classroom practice.

Because we are a niche provision here, it’s so interesting to see how other teachers do itin a 16 to 18
environment—not the actual delivery of the lesson. That hasn’t varied much in terms of how I do it to be
honest. It’s what resources they have, how they manage the planning... (Class teacher 2)

The peer observation element of the programme was closely linked to teachers feeling better at reflecting on practice
(when they did feel this). For some teachers, the most powerful ideas they had for improving their own practice came to
them while observing otherteachers. In particular, teachers described improving their understanding of student learning;
thinking in more detail about how different students would react to different parts of lessons, predicting the challenges and
confusions that may arise, and planning for these accordingly. Teachers with more experience and seniority—for example,
those with roles supporting practice in their department—described less of an effect in terms of their personal reflection.
Reflection for them was a regular part of their work, and they were also supporting colleagues to reflect and develop their
practice.

Interviews with students suggested that they experienced a greater focus on deepening their understanding during
Maths-for-Life lessons. This increased focus was, according to these interviews, supported by: i) an emphasis on students
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solving problems (rather than following teacher demonstrations and copying from the board); ii) encouraging and guiding
peer-to-peer reasoning; iii) an emphasis on rough working and making mistakes (encouraged by the use of mini
whiteboards); and iv) a progression in each lesson from simpler to more complex problems, based on a single topic.

[The teacher] made us do it by ourselves to be honest. She restricted the guidance...[S]he wanted us to do
itand work it out for ourselves so we would be able to understand it. (Student 4)

I liked the fact that whenever you’re [working on a problem], [the teacher] throws in little questions just to
make sure you are understanding as well. He’s not just there to be like ‘okay, this is what you do.’ (Student
27)

The findings on quality above, suggest that teachers considered the time given to planning and design of the lessons and
activities as key in encouraging high-quality student dialogue. Even teachers who described themselves as experienced
and confident with the dialogic approach said that the Maths-for-Life lessons resources helped them to facilitate better
quality conversations.

What we have done [at this college] for a while is trying to get [the students] to talk. But we haven’t put
enough structure in...[T]hese activities, [e.g. ask students to] put something down and explain actually why.
(Class teacher 3)

Maths-for-Life lessons

Class teachers were asked by survey to report whether they believed that each of the classroom mechanisms hypothesised
in the logic model (Figure 1) were present at some point during their Maths-for-Life lessons. Table 40 below shows the
findings. These numbers suggest that teachers believed that all key hypothesised mechanisms were present some of the
time. The small/negative effects of the programme estimated in this study, do not therefore, seem to be down to a failure in
this regard.

Table 40: Presence of causal mechanisms according to class teachers

Item %

% class teachers who reported seeing...

teacher-to-student meaningful dialogue 74
student-to-student meaningful dialogue 84
students using representations to understand mathematical structures 80
students building shared chains of reasoning 70
students experiencing cognitive conflict® 77
students increasing in confidence 80
students improving in their mathematical reasoning 75
students improving their verbal communication skills 69

aThe role of cognitive conflict is addressed in detail on the findings on quality so is not addressed in the qualitative findings here.

N (class teachers in treatment group) = 64. In total, there were 84 class teachers in the treatment group. Response options were: Strongly agree; Agree;
Neither agree nor disagree; Disagree; Strongly disagree; Don’t know; and Don’t want to answer. For the latter set, we report the percentages of teachers
who Agreed or Strongly agreed.

Interviews with students supported the survey findings that meaningful teacher-to-student dialogue was taking place

during the intervention lessons. Students described teachers taking more time over problem-solving conversations, being
proactive about starting conversations with students (rather than waiting for people to ask for help), and showing more
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enthusiasm for dialogue. One student thought that this increased enthusiasm from the teacher was a result of increased
engagement from the students.

I think when we do the Maths-for-Life [lessons the teacher] is much more bubbly and going around and
helping everyone. Whereas if we were just doing the exam papers, he would just go around asking if we are
okay, and then go through the answers. | think [that’s] because when we actually do [the Maths-for-Life
activities and] we are interested...it makes him happy and feels like he can go around and help people. If
we are just sitting there doing exams, the exam questions are hard and a lot of the time people don’t do
them anyway. (Student 15)

Interviews with students suggested that student-to-student dialogue did take place during Maths-for-Life lessons, but that
this dialogue was not always helpful. When it worked, students were able to develop shared chains of reasoning and
described this dialogue as: i) helping them to reinforce their knowledge and understanding by explaining to others; ii) helping
them to work more at their own pace (as compared to whole-class demonstrations); iii) adding another source of help when
the teacher was busy; iv) providing explanations from peers that were sometimes easier to understand (as compared to
those from the teacher); v) exposing them to different approaches to a problem such that their understanding of the
underlying topic was deepened; and vi) making maths work more memorable (as compared to working through questions
alone).

Like the expanding brackets one, | was looking at it and literally knew the answer in my head straightaway.
But because he didn’t and me explaining it to him basically reinforced what | already knew. It was quite
good for me to go over it and it was good for him to learn the explanations. (Student 14)

When it was less effective, students described peer-to-peer dialogue as: i) a source of distraction (with off-topic chat); ii)
difficult when a discussion partner was reluctant to engage; and iii) difficult when discussion partners were too far apart in
their level of understanding.

Students described liking the representations in Maths-for-Life lessons, and some described them as helping them to
understand mathematical structures (though not in those words). Three characteristics of the representations were
identified by students as particularly helpful: i) they helped students who struggled with reading to access problems; ii) they
provided a starting point for students to tackle a problem (as opposed to having a blank sheet of paper); and iii) they reduced
the level of abstraction (e.g. replacing algebraic notation with boxes).

I feel like my example would be the number line [question that asked us to convert] pounds to dollars. | feel
like I already knew [the topic] and what to do, but [the diagram helped me to understand] what to do...[S]o
| have broken it all down. Now it fits easily into my mind and if it was to come up on an exam paper, | would
just think two number lines, blah, blah, blah. (Student 9)

Both students and class teachers also described positive effects of the intervention on student confidence. This finding is
supported somewhat by the impact analysis that found a small positive effect on mathematical self-efficacy.®® This was
seento be supported in part by the pictorial representations, which gave some students with very low confidence (according
to their class teachers) a way to begin problems that they would likely have not even started previously.

I think the stuff they were doing today, | could see one or two little lightbulbs going on where people are
thinking. They’[d] look at those questions [in the past] and they wouldn’t even try. Whereas today, when we
got to question three or four they just got on with it. (Class teacher 5)

Students also described their confidence being increased by working in small groups (when they felt unable to participate
in whole-class discussions), and by being given problems that were pitched at the right level, with appropriate progression

33 Notwithstanding the wide Cl and risk of bias introduced by attrition.
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in difficulty. This meant problems that were not so hard that they were inaccessible, but hard enough such that they provided
challenge and satisfaction.

Teachers and students described positive effects on students’ mathematical reasoning. In particular, students described
applying problem-solving approaches that they had learned in Maths-for-Life lessons to new problems, having more than
one way to approach a range of problems, and taking more time over reading and understanding problems before trying to
solve them.

Finally, verbal communication did seem to improve for some students, but this seemed to be due to an increase in
confidence and a more conducive classroom environment (factors described above), rather than a matter of ‘skill’.
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Cost

The financial cost of the intervention over three years in a school/college is summarised in Table 41 below. This shows that
most of the financial costs of delivering the intervention during the evaluation period were incurred by the University of
Nottingham and subsidised by the EEF. Were the programme continued without subsidy, this cost would have to be covered
by settings in the form of a programme fee. The total cost of delivering the intervention per setting over three years is
estimated to be £3,942.67. This is equivalent to £33.63 per student per year. Seven resources were identified as
prerequisites for delivering the intervention: a computer; projector and screen (for the lesson slide show); a printer and
photocopier (for lesson materials such as sorting cards); and small white boards and white board pens for each student.
Some settings also used a laminator, Post-it™ notes, and paper clips, but these items were not seen as essential. The
prerequisite and non-essential items that settings already had are not included as direct costs.

Table 41: Direct cost of delivering Maths-for-Life in a school/college

Average cost per setting Total cost over three Total cost per student per

Item Type of cost .
in year one years year over three years?

The EEF subsidy Start-up cost per setting £3,566.32 £3,566.32 £28.08
Printing and photocopying  Running cost per setting £15.58 £44.92 £0.55
Travel and subsistence
for Continuing
Professional Start-up cost per setting £316.10 £316.10 £4.90
Development (CPD)
sessions
Hosting CPD sessions .
(lunch and refreshments) Start-up cost per setting £15.33 £15.33 £0.10
Total £3,913.33 £3,942.67 £33.63

Assuming 42 students per year—the mean average in our cost data sample.
Table 42 below, shows the estimated cumulative costs for a setting running Maths-for-Life over a three-year period.
Table 42: Cumulative costs of Maths-for-Life (assuming delivery over three years)

Programme Year one Year two Year three

Maths-for-Life £3,913.33 £3,932.25 £3,942.67

Table 43, below, shows the estimated time spent per school, by school staff on the intervention, broken down by activity.
The intervention is delivered at the class level—i.e. it is a series of five lessons to be delivered to a whole class—but can be
delivered to more than one class. Among the settings interviewed for the cost evaluation, the number of classes receiving
the intervention ranged between 1 and 14. To take this into account, the ‘Year one time’ and ‘Total time over three years’
figures in Table 43 are based on mean averages across interviewed settings. The ‘Total time per class per year’ is also given
in the final column, based on the average time per class estimated for each item in the table.
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Table 43: Time spent by setting staff on Maths-for-Life

Class teacher delivery in

Running cost

school/college day (teaching or settin 34 102 6.4
Maths-for-Life lessons) P g
Teaching assistant delivery in Running cost
- 3 15 0.4
school/college day per setting
Class teacher delivery out of Running cost
- 0 0 0
school day per setting
Teaching assistant delivery out of Running cost
- 0 3 0.9
school/college day per setting
Clas_s teacher CPD (lesson Start-up f:ost 30 30 33
studies) per setting
Class teacher lesson preparation Running cost
. . 10 23 3.8
and follow-up (e.g. marking) per setting
Teaching assistant lesson Running cost
preparation and follow-up (e.g. g X 1 8 0.2
. per setting
marking)
Running cost
Supply cover per setting 5 7 0.6
Other staff time Running cost 2 3 0.1
per setting
Total 85 190 16

Notes on the calculations
Of the 100 settings participating in the trial, six were interviewed for the cost evaluation, one for each setting type. For each
of the items in the tables above, a mean average was calculated across all respondents.
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Conclusion

Table 44: Key conclusions

Key conclusions

1. Learners in Maths-for-Life settings made two months’ less progress in GCSE Maths scores, on average, compared to learners in other
settings. This result has a low security rating.

2. Among learners previously eligible for free school meals (FSM), those in Maths-for-Life schools made one month’s less progress in
GCSE Maths scores, on average, compared to those in other settings. These results may have lower security than the overall findings
because of the smaller number of learners.

3. Thereis no evidence that Maths-for-Life had an impact, either positive or negative on GCSE Maths pass rate. The result is uncertain due
to high attrition.

4. Learners in the intervention group were more likely to attend their GCSE Maths exam—a key improvement, given that attendance was
low across both groups. Given the importance of exam attendance for achieving qualifications, this finding is noteworthy.

5. The intervention was delivered broadly as planned, though some teachers made changes. Some classroom activities were adapted by
teachers, which may have affected how closely the approach matched the original design.

Impact evaluation and IPE integration

Evidence to support the logic model

The evaluation findings provide partial support for the original logic model of the Maths-for-Life intervention. Some
mechanisms functioned as expected, while others showed variation in implementation or lacked strong supporting
evidence.

Activities

Fidelity survey data indicated that lead teachers generally delivered the PD component as intended. However, attendance
at PD planning sessions and observations was lower than expected. Survey, observational, and interview data suggested
that class teachers followed the Maths-for-Life lesson plans, though many made small adaptations. While teachers applied
the five pedagogies promoted by the programme, interviews and observations revealed variation in the quality of dialogic
teaching.

Mechanisms

The evaluation provided strong evidence for several key mechanisms of the PD programme. Through PD sessions and
observations, teachers were exposed to new teaching practices, engaged in self-reflection, improved their understanding
of student learning, and placed greater emphasis on deepening student understanding and encouraging peer-to-peer
reasoning. There was less evidence to support the mechanisms that teachers improved their own mathematical
understanding and reasoning, and their ability to successfully plan for high-quality student dialogue.

In terms of the Maths-for-Life lessons, the majority of teachers surveyed for the IPE believed that all hypothesised
mechanisms were present for some students. Interviews and observations supported this conclusion. However, variation
in the quality of dialogic teaching led to inconsistent experiences of cognitive conflict for students. Observations and
interviews also indicated that peer-to-peer dialogue quality varied widely.

Moderating factors

The moderating factors hypothesised in the original logic model were extensive and fairly broad. Interviews and observations
identified the following more specific moderating factors in four categories.
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o Lead teachers. Preparation and attention to detail, facilitation skill and approach.

e Class teachers. Preparation, attitudes towards dialogic teaching and the intervention, ability to
manage a tension between collaborative learning and closure, and ability to form positive relationships
and support students emotionally.

e Students. Attitudes towards dialogic learning and level of mathematical understanding.

o Wider context. The composition of the group of class teachers in PD sessions and student class size.

Given the complexity of the Maths-for-Life materials and approach—both for the PD programme and lessons—the
preparation, attitudes, and capabilities of the lead teachers and class teachers were absolutely key to the success or
otherwise of implementation.

Interpretation

The evaluation found no evidence that the intervention improved GCSE Maths performance, the primary outcome. This
inconclusive result is likely due to high attrition in the outcome data, leading to a smaller-than-anticipated sample and the
possible introduction of bias. Evidence for the secondary outcome, mathematical self-efficacy, was also inconclusive due
to high levels of missing data. However, interview findings suggested that Maths-for-Life lessons did increase some
students’ confidence. An exploratory analysis of exam sitting rates found that Maths-for-Life students were 6 percentage
points more likely to sit the GCSE resit exam compared to control students (21.6% vs 27.8%), also suggesting a positive
effect on student confidence and participation.

If the programme did have a negative or null effect (our best guess), this could have been down to one or more of two main
factors. First, some lead teachers adapted the PD programme in ways that may have made it less effective; not always
following the suggested topics for discussion and sometimes struggling to facilitate effective learning conversations. This
lack of adherence to the plan and approach seemed to be driven by one or more of: the complexity and presentation of the
PD resources; the preparation and attention to detail of the lead teachers; and the class teachers’ attitude towards and
understanding of the PD process.

Second, some class teachers adapted the lessons in ways that may also have limited their effectiveness; in particular,
removing activities that were planned to support dialogue and/or adding content on completely different maths topics into
what were supposed to be very focused lessons. Where adherence to the lesson plans and approach was low, students’
attitudes seemed to play a big role. Teachers found it difficult where students were very resistant to group work, and during
exercises that required students to assess their understanding, persist through the discomfort of problem-solving, and
reflect on their mistakes. It was also especially hard when students had experienced a very different style of teaching and
learning in secondary school. These challenges were compounded where the teacher was not fully bought into the Maths-
for-Life approach. The pilot evaluation of Maths-for-Life (unpublished) that preceded this efficacy trial, identified risks
related to low student confidence, the challenge of mastering the pedagogy, and the likelihood of quality dilution as the
programme scaled. These risks do seem to have materialised.

Conversely, where the programme seemed to work well, five things seemed to be present. First, lead teachers were well
prepared for the PD sessions; having taken the time to work through the complex resources, and to get to grips with the core
concepts being taught. This preparation allowed them to facilitate much more effective discussions, and to explain core
concepts more clearly. Second, class teachers did similar preparation for the lessons. Third, class teachers boughtinto the
Maths-for-Life approach; either because they already believed in it, or because they were willing to try something new.
Fourth, class teachers were adept at building strong relationships with, and providing emotional support to, students who
were very low on confidence. Fifth, the composition of groups was conducive to the approach. For the PD component, this
meant a group of teachers that was willing to reflect deeply on their practice and discuss these ideas with their peers. For
the lessons, this meant classes that were small enough to enable teachers to support the dialogic approach.
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There is very little causal evidence in the wider literature on the impact of dialogic teaching—or any other teaching
approach—on post-16 maths attainment (Crisp et al., 2023, p. 72). There is fairly strong evidence to say that interventions
that facilitate purposeful, curriculum-focused dialogue can have large positive effects (up to seven months of additional
progress), though these effects are greater in the early phases of education, and most studies have looked at the effects on
reading (EEF, 2021a). Effects on maths appear to be much smaller (one month of progress) (EEF, 2021a). Collaborative
learning (another dimension of the Maths-for-Life approach) might be able to have a large positive impact on maths
attainment—estimated to be +5 months on average—though this estimate has relatively low security due to the age, quality,
and lack of independence of the literature (EEF, 2021b).

The main impact findings from this study—on maths attainment and mathematical self-efficacy—do not add much to the
existing literature on this teaching approach due to the insecurity of the findings. However, the relatively large effect that we
have found on exam attendance (significant at the 5% level) is perhaps an interesting addition. Levels of exam attendance
were extremely low in both the control and the intervention group (21.6% and 27.8%, respectively). It is obviously impossible
for students to pass the GCSE if they do not sit the exam so, while the intervention may not have had a positive effect on
attainment, it is promising in this regard. No other studies have been identified that have found an effect like this from the
dialogic teaching approach, and we know that student motivation and engagement is a major barrier in the context of post-
16 GCSE resits (Crisp et al., 2023, p. 68).

There is a clear and pressing need for better provision in this field. The pass rate of students resitting their GCSE Maths is
very low; 17% in 2024, 4 percentage points lower than when this trial ended in 2019 (Camden, 2024). Post-16 settings are
stretched for resources, and the maths teaching workforce needs development. The supply of experienced maths teachers
with areasonable level of maths qualification in post-16 education is insufficient. This, along with a resit student intake that
is low on motivation and confidence, makes the implementation of programmes like Maths-for-Life extremely challenging.
There is, however, clearly a demand for high-quality PD opportunities for this cohort of teachers and ‘a lack of clear,
developed and relevant programmes’ (Crisp et al., 2023, pp. 69-70).

Limitations and lessons learned

The three main limitations of this evaluation were attrition, low power, and missing covariate data. We also discuss the
limitations of the CACE analysis.

Attrition
High attrition was the most significant limitation. For the primary outcome analysis, 48% of participants were lost from
randomisation to analysis, either due to missing outcome data, missing covariate data, or meeting the exclusion criteria.

Data collection from post-16 settings was very difficult, and not enough resources were allocated to the task. When it
became apparent that so many post-16 settings were unwilling/unable to provide GCSE raw scores for students enrolled in
the trial, we explored the option of obtaining these scores from the exam boards (the only other holders of the data). These
boards were unwilling to support the request on this occasion, but we believe that this is one of the best options for
improving data quality in trials like this in the future. A better, but harder to achieve, option would be for the DfE to collect
and share this data in its national datasets.

The high level of attrition poses a substantial threat to internal validity. It has introduced potential bias into the estimated
effect and has reduced the analytic sample (and therefore, the statistical power) substantially.

Low power

The MDES was estimated to be 0.20 SD at the point of analysis for the primary outcome. This puts it below/on the boundary
of the EEF’s threshold for a threat to validity (EEF, 2019, p. 6). However, this is considerably larger than the average effect of
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interventions evaluated by the EEF (+0.04 SD; Demack et al., 2021, p. 12).%* The study was therefore, likely underpowered
for the primary outcome. Had we not experienced such high attrition, it may well have been a well-powered study however,

as the initial power calculations seem to have overestimated the MDES.

Missing covariate data

Key Stage 2 Maths attainment, which was obtained through the NPD, was missing for 18.17% of the primary outcome
sample, and Key Stage 4 Maths grade, for 8.4% of the sample. Both missing data rates were above the 5% threshold that
was assumed at the design stage for risk of bias, and missingness was not completely random. Older students, those with
lower Key Stage 4 attainment, and non-FSM-eligible students were more likely to have missing Key Stage 2 data. Older and
higher Key Stage 2-attaining students were more likely to have missing Key Stage 4 data. These patterns suggest a mix of
potential overestimation and underestimation of the treatment effect, making the overall direction of any bias unclear.

Sensitivity analyses showed that excluding covariates or using alternative imputation methods did not meaningfully change
the results. However, the missing data rates on baseline covariates limited their usefulness in increasing the precision of
the estimated treatment effects. Instead, their inclusion worsened the power problem caused by attrition.

While Key Stage 2 attainment is often used as a baseline measure in post-16 research, our results indicate that it may not
be reliable for older students, as Key Stage 2 exams were introduced gradually between 1991 and 1998. Future studies
should consider alternative measures, such as the most recent GCSE grade or mark prior to the intervention.

Additionally, missing dosage data led to limitations in the estimation of CACE. Specifically, we did not have data on actual
student attendance in Maths-for-Life lessons, only whether each lesson had been delivered. As a result, the findings from
the CACE analysis should be interpreted with caution, and the lack of accurate dosage data limits our ability to contextualise
the findings effectively. Given the low attendance in post-16 settings, future field studies should prioritise obtaining reliable
attendance data that can be used to more precisely assess the implementation of the programme.

Future research and publications

There remains a large gap in the literature on what works to support GCSE resit students to succeed in post-16 education.
Future research could address this by re-running this trial, or trials on alternative promising approaches, but a radically
different approach to data collection needs to be taken to make such research worthwhile.

34 This analysis pooled a lot of different interventions, age groups, and subjects so, is not directly comparable, but still provides a helpful
reminder that it is difficult for an intervention to have a large effect in the English education system.
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Appendix A: The EEF cost rating

Appendix A Table 1: Cost rating

E£LES Very low: less than £80 per student per year.
£ELLS Low: up to about £200 per student per year.
£EE£LT Moderate: up to about £700 per student per year.
£EEET High: up to £1,200 per student per year.
£ELLL

Very high: over £1,200 per student per year.
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Appendix B: Security classification of trial findings

PRIMARY OUTCOME: Key Stage 5 GCSE Maths resit performance for the 2018/2019 academic year, as measured by the
UMS (Uniform Mark Scale) score.

48

Design for comparison
that considers some type
of selection on
unobservable
characteristics (e.g. RDD,
Diff-in-Diffs, Matched Diff-
in-Diffs)

Attrition

0-10%

0.21-0.29 11-20%

Adjustment for
threats to
internal validity

[0]

3@

Design for comparison
that considers selection
on all relevant observable
confounders (e.g.
Matching or Regression
Analysis with variables
descriptive of the
selection mechanism)

0.30-0.39 21-30%

28

Design for comparison
that considers selection
only on some relevant
confounders

0.40-0.49 31-40%

Design for comparison
that does not consider
selection on any relevant
confounders

0.50-0.59

ol

No comparator

>50%

>=0.6

Threat 1: Confounding

Low

The FSM eligibility and gender imbalances at baseline did not translate
into significant differences in outcome attainment, suggesting that the
gender split did not affect the balance in baseline attainment.

Threat 2: Concurrent
interventions

No information available

There is no evidence of concurrent interventions influencing the results.
The similar experiences reported in the survey by the control group refer
to exposure to similar PD training content in the past five years, which
helps to assert the programme differentiation. Therefore, this occurred
before the intervention was delivered.

Threat 3: Experimental effects

Low

Unlikely to occur given the implementation model.

Threat 4: Implementation fidelity

Moderate

The intervention was well defined, aligned with the logic model, and
generally delivered as intended. However, attendance was lower than
expected, and interviews and observations revealed variation in the
quality of dialogic teaching.
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Threat 5: Missing data

Moderate

The missing data was high, which might introduce bias. However, the
difference between groups was minimal (1.89 percentage points). The
evaluator did not use multiple imputation as it would only increase the
sample from 52% to 65%. The sensitivity analyses exploring missing data
yield similar results to the primary analysis in all cases. The effects are
negative and very small, and all Cls are extremely wide, encompassing
zero, which reflects a high level of uncertainty. Attrition on dosage also
affected the CACE analysis, which constrains the comparison with a model
adjusting for missing data.

Threat é: Measurement of
outcomes

Low

Well justified, and no reasons for concerns related to its reliability,
validity, utility, or acceptability. Ceiling effects were explored and deemed
not concerning.

Threat 7: Selective reporting

Low

Study registered, trial protocol and Statistical Analysis Plan published
prior analysis, and deviation reported. Data submission is planned.

e |Initial padlock score. 1 Padlock — The randomised controlled trial was initially powered to detect an
effect size of 0.15-0.22 for FSM students. However, due to fewer participating settings and smaller
cluster sizes at randomisation, the actual MDES was higher, around 0.30-0.34. At the analysis stage,
the MDES improved to approximately 0.20, as the observed ICC was substantially lower than
anticipated (0.08 vs the assumed 0.20). Therefore, it can be argued that 5 Padlocks can be assigned to
the Design and MDES criteria. Nonetheless, despite assuming 20% attrition in the protocol, 47.78% of
attrition was found to be due to missing covariates, resulting from both student-level and setting-level

attrition.

e Reason for adjustment for threats to validity. No adjustment was made as only two moderate threats
were identified, and the bias direction is unknown.

e Final padlock score. Initial score adjusted for threats to validity = 1 Padlock - Very well conducted trial.
Factors beyond the evaluator’s control limited the validity and robustness of the evaluation.
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Appendix C: Changes since the previous evaluation

Appendix C Table 1: Intervention and evaluation changes

Between the pilot phase and the efficacy trial, the Maths-for-Life programme moved to a more
manualised and operational delivery model. While the pilot focused on testing and refining
materials with 20 teachers in small clusters and preparing them to become lead teachers, the
efficacy version specifies a clear, structured six-day model of professional development and
lesson study cycle for clusters of teachers, including peer observation and reflection. The content
focus shifted to five key challenging areas of the GCSE mathematics curriculum, with explicit use
of student-centred, problem-solving, and dialogic teaching approaches. The trial implemented a
cascade delivery model, where trained lead teachers support new teachers (expanding from 20 to
~100 teachers), and the intervention is applied in regular classrooms across multiple types of
institutions. Overall, the efficacy version emphasises rigorous pedagogical frameworks, student-
centred approaches, specific curriculum focus, structured lesson cycles, and broader scalability.
In the pilot year, the PD programme was delivered by staff from the University of Nottingham and
the lessons were delivered to students by maths teachers.

In the trial year, a train-the-trainer programme was implemented, where staff from the University of
Nottingham provided initial training, and some ongoing support, to a group of ‘lead teachers’. These
lead teachers then delivered the PD programme with a cohort of teachers in the local area. The
teachers who received the PD then delivered the lessons with their students.

Duration of the intervention remained the same.

In the pilot year, only colleges were eligible.

In the trial year, colleges, schools and private training providers were all eligible, and the sample
included representation from all these groups.

Not applicable.

Not applicable.

Not applicable.
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Appendix D Table 1: Effect size estimation
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GCSE Maths
UMS score

GCSE Maths
GCSE pass
rate

GCSE Maths
pass rate
(robustness
check)

Maths
self-efficacy
score

GCSE Maths
UMS score
(CACE
analysis)

GCSE Maths
UMS score
(HLM)

GCSE Maths
pass rate
(HLM)

Maths
self-efficacy
score

(HLM)

-0.888

0.012

0.000

0.021

-0.600

-0.881

0.013

0.024

-0.809

0.005

0.002

0.015

-1.124

-0.676

-0.039

0.018

1,631
(1,440)

2,357
(714)

1,631
(1,440)

564
(2,507)

1,631
(1,440)

1,620
(1,451)

2,023
(1,048)

560
(2,511)

81.468

0.125

0.145

0.170

81.468

81.143

0.136

0.168

1,401
(1,334)

2,015
(720)

1,401
(1,334)

533
(2,202)

1,401
(1,334)

1,401
(1,334)

1,757
(978)

532
(2,203)

63.004

0.116

0.145

0.157

63.004

63.004

0.126

0.157

72.937

0.121

0.145

0.164

72.937

72.731

0.131

0.162
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Appendix D Table 2: Effect size estimation, by FSM subgroup analysis

GCSE Maths Interaction
UMS score effect® 0.070 0.149 ( 405) 80.300 (37 4) 66.030 74.325
GCSE Maths Subgroup 1,040 975
UMS score (non-FSM) 0.717 0.828 (959) 81.838 (874) 61.622 72.056
GCSE Maths Subgroup 591 426
UMS score (FSM) 1.086 0.637 (405) 80.300 (374) 66.030 74.106
Interaction
GCSE Maths effect 845 670
pass rate (exploratory -0.001 -0.002 (151) 0.111 (130) 0.106 0.109
analysis)
Subgroup
GCSE Maths (non-FSM) 1,512 1,345
pass rate (exploratory 0.016 0.007 (487) 0.132 (504) 0.121 0.127
analysis)
Subgroup
GCSE Maths (FSM) 845 670
pass rate (exploratory 0.006 0.000 (151) 0.111 (130) 0.106 0.109
analysis)

2The Hedges’ g for the interaction term has been computed using the unconditional SD of the FSM-eligible subgroup.

Appendix D Table 3: Effect size estimation, by setting type subgroup analysis

Further

GUC::SNC":‘;';S education -0.851 -0.852 (1:‘2122) 80.786 2;918? 63.601 73194
college

GUCIVSI: Shf:itrgs School 0.048 0.323 (Z?) 64.676 (1 ;; 59.287 61.277

GUCNSI: ::I;it:;s Sizg:l-;z;m -0.918 -1.367 (1 :’3) 90.935 (1 ?g) 64.368 78.017

2 For the calculation of the Hedges’ g in the interaction model by setting type we have used the variance in the treatment and control groups, which
corresponds to the pooled SD in the primary outcome model.
b According to ONS disclosure rules, all counts under ten have not been reported.
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Further appendices:

You can find the further documents published in the accompanying document ‘Further Appendices’.

Appendix E: Intervention description

Appendix F: Programme resources

Appendix G: Memorandum of Understanding

Appendix H: Teacher information sheet

Appendix I: Student information sheets and withdrawal form
Appendix J: Logistic regression analysis for GCSE Maths pass/fail outcome
Appendix K: Lesson observation guide

Appendix L: PD observation guide

Appendix M: Lead teacher interview guide

Appendix N: Class teacher interview guide

Appendix O: Student interview guide

Appendix P: Histograms of pre-test results

Appendix Q: Technical note on how the UMS scores were obtained
Appendix R: Part E of the Teleprism survey

Appendix S: Deviations from the protocol

Appendix T: Analysis code (Stata)
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