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Abstract
This paper supplements a presentation on Specialist Mathematics Schools in England given at the Re­
search Students’ Education Conference (RSEC) conference, was held on 18th July 2024. In 2023, Kings 
College London Mathematics School (KCLMS) obtained the highest A-Level grades of any school for 
the third year in a row (Bellos; 2023). Successes such as these have seen the number of mathematics 
schools grow. With new approaches to pedagogy and curriculum, it is important to understand what 
they offer to students and how a mathematics school education will impact students currently and 
beyond. This paper will provide a review of mathematics schools, their place in the English education 
system as well as the curricular and pedagogical practices they employ to support advanced level 
mathematics through my ongoing PhD research.
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Introduction

Mathematics schools originate from a policy in 2011 from the 
Conservative and Liberal Democrat coalition government. They 
are designed to take top mathematicians from General Certifi­
cate for Secondary Education (GCSE) and develop their academ­
ic capabilities, beyond the A-Level curriculum (Department for 
Education; 2021). Ten years since King’s College London Maths 
School (KCLMS) and Exeter Mathematics School (EMS) opened 
in 2014, four more schools have opened across England (see 
table 1 for a list of mathematics schools currently open) with 
another four set to open by 2028 (Norden, 2024). Yet, despite 
significant government expenditure and development into 
this policy, there has been little academic research on these 
schools. To date, there are only two academic articles featuring 
maths schools (Golding, 2018; Thompson, 2022) and only one 
of them has specific focus of a maths school. With seven new 
mathematics schools currently open since Golding’s publication, 
it serves as a good point to look at the maths schools together, 
highlighting similarities and differences between them and the 
evolution of the older schools. This paper will start by situating 
mathematics schools in the education system. The next section 
will discuss the conditions schools must abide by to operate. 
This will be followed by admissions process.

Table 1: Abbreviations Table of Maths Schools

Cambridge Maths School CMS

Exeter Mathematics School EMS

Imperial College London Mathematics School ICLM

Lancaster University School of Mathematics LUSoM

Leeds Maths School LMaS

King’s College London Mathematics School KCLMS

Surrey Maths School SMS

University of Liverpool Maths School ULMaS

The subsequent sections will discuss my ongoing PhD research, 
the methodology, the aims of the project and the ongoing re­
sults collated to date. The next section discusses different parts 
of the curriculum including lectures and research projects. This 
paper will conclude with a section on maths schools’ pedagogy 
with data from my PhD project with a final summary of maths 
schools.

Maths Schools in the Education System
Specialist mathematics schools are free schools for students 
aged 16-19, the penultimate and final years of secondary 
school. Unlike state schools and other free schools, they are 
exempt from following the national curriculum, they can deter­
mine the start and end of the workday and decide how many 
holidays students and staff have (UK Government, no date). In 
addition to the funding allocated by the 16-19-year-old free 
school formula, they also receive an extra £350,000 on top of 
current Government funding (Department for Education, 2021).

Maths School Requirements
Mathematics schools must be sponsored by a university where 
entry requirements for a full-time undergraduate mathematics 
degree average 136 UCAS tariff points, which is broadly equiv­
alent to grades of AAB at A-Level (Department for Education, 
2021). They are also required to provide significantly more 
outreach than a typical sixth form and must attract pupils from 
disadvantaged and under-represented backgrounds; widening 
participation and access to an education that students may not 
otherwise have (Department for Education, 2021). They can 
also be part of a Multiple Academy Trust (MAT) and they can be 
affiliated with a local college (Department for Education, 2021), 
allowing students to study subjects beyond the Science, Tech­
nology, Engineering and Mathematics (STEM) field.

Maths School Admission
Mathematics schools admit students based on academic selec­
tion and therefore cannot be defined as schools but as ‘educa­
tional institutions’ (UK Government, 2021). This is because state 
and free schools must follow the Schools Admissions Code and 
cannot admit pupils based on academic ability (Department for
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Education, 2023).
Although each school differs slightly, there are three broad 
stages applicants must complete. For the first stage prospective 
students submit an application to join the school including GCSE 
grades and references from teachers (see table 2 for detailed 
breakdown of minimum entry requirements).
As per table 2, the general minimum requirement for entry is a 
grade 8 in Maths and Physics (equivalent to previous grades of 
A-A*) and at least a 5 in English (equivalent to previous grade of 
C). The second part of the application is to sit an entrance exam. 
This involves questions from GCSE exam papers. The majority 
of questions are problem-solving based. The final stage is to 
have an interview with the headteacher and other members of 
the staff. Competition for places varies across schools. KCLMS 
receives with approximately ten applications for one place 
(KCLMS, 2022) compared to other schools who have not filled 
all their vacancies (University of Liverpool Maths School, 2023). 
Year groups typically have a capacity of 70-80 students which 
varies by school.

The PhD Project
My PhD project is focused on students’ progression through 
their respective Maths School and to their destination after 
school. The study focuses on maths schools’ curricula and ped­
agogy; how students experience and interpret these elements 
of their school and if and how their relationship with Maths and 
Sciences change.

The methodology is three-fold. The first element of the meth­
odology was to send out a questionnaire to all Year 13 Maths 
School students. This was to gather background information, 
demographic data and to an extent inform the second stage 
of the data collection. The second stage of data collection was 
to take a sample of students from each school (approximately 
three students per school) and interview them across 2-3 years, 
depending on the year they were selected. Semi-structured 
interviews were conducted to capture students’ experiences of 
the curriculum and the pedagogy at specific moments during 
their time at their school. This process was conducted in the 
first year and the second year of the project- following students 
from Year 13 to their future destination(s), tracking in what 
ways the curriculum and pedagogy has impacted them beyond 
school.
In addition to interviewing students, several teachers were in­
vited to take part in one-off interviews to discuss their school’s 
curriculum in more detail and the experience they wanted the

students to go through. It also allowed a comparison to be 
made whether students were achieving the outcomes teachers 
desired. The teachers invited for participation were teachers 
who were either in senior management or heads of their de­
partments. It may be that one teacher may occupy several roles. 
All students and staff have been made anonymous and have 
been given pseudonyms.
This project has received approval from the University of Leeds 
(MEEC 22-044) in accordance with the respective school regula­
tions. All subsequent quotes from teachers are from interviews 
conducted in the last two years.

Curriculum

Through my own research with teachers, maths schools’ curric­
ula present an innovative approach to maths education using 
evidence-based research to support their students throughout 
their time at school.
Teachers consistently identify new ways to improve pedagogy 
and methods to improve skill development. I’ve got somebody 
else who’s always reading research papers saying, “What about 
this? What about this? I’ve got somebody who is doing some 
research into problem solving and it’s probably one that hasn’t 
got four sort things you can think about, of heuristics, of knowl­
edge, of control (of the whole thing of knowing when to stop 
when you’re doing mathematics). Abigail- Teacher
This is in addition to interacting with experts in academia and 
in industry to provide real-world experiences and challenges to 
students (KCLMS, no date; EMS, no date).

Students receive advanced disciplinary knowledge which may 
transcend different subjects to inform multiple perspectives 
to create a well-rounded understanding of knowledge, which 
improves students’ ability to use the knowledge in different 
applications to both familiar and unfamiliar settings.
We go into understanding; we go into proving things. You don’t 
just say Chi-Squared Distribution- look this critical value up and 
trust it. We look at what the hell Chi-Squared Distribution is. It’s 
way off syllabus- you don’t need to know this. Abigail- Teacher 
Independent learning is a significant characteristic of the curric­
ulum. Students are encouraged by teachers to find an answer to 
questions independently of the teacher.

It’s getting them to do as much as possible and getting it to be 
as pupil led as possible, they’ve got so much to give. When kids 
asked me how to insert and image into LaTeX I would say, “Take 
a new tab. Go onto Google and type, ‘How to insert and image 
in LaTeX’ and follow the instructions”. I’m not the be all and end

TABLE 2: GCSE GRADES FOR ADMISSION INTO RESPECTIVE MATHS SCHOOLS

Subject
School

KCLMS EMS ULMaS ICLMS CMS LMaS LUSoM SMS

Maths 8 8 8 8 8 7 8 8

Physics 7 7 8 7 8 7 8 7

Combined
Science 7 8 8 7 8 7 7/7 7/7

English 5 5 5 5 5 5 5 5

Other
Subjects 5 5 5 7/7.5 5 6 5/6 5
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all.” Dave- Teacher
This develops curiosity in students and to begins to prepare 
students for independent learning at university.

Subjects
All students initially must study Mathematics and Further 
Mathematics at least to AS-Level, with the expectation they will 
study them the following year. In addition, students may also 
take other subjects depending on the school; typically, either: 
Physics, Computer Science and Chemistry (KCLMS, no date b; 
EMS, no date c); Leeds Mathematics School, no date) depending 
on what the school offers. KCLMS only allow their students to 
study Mathematics, Further Mathematics and Physics (KCLMS, 
no date b). Other schools have a greater A-Level selection 
allowing students to study a broader range of STEM subjects 
and to take more than the standard three A-Levels (Department 
for Education, 2021). If schools are affiliated with a college, 
students can select subjects at the college (Imperial College 
London Mathematics School, no date, Lancaster University 
School of Mathematics, no date; Exeter Mathematics School no 
date c) and students, if studying at the college, are not restrict­
ed to STEM-based subjects.

Research Projects (Co-Curriculum)
A distinguishing feature of mathematics schools are research 
projects. Students complete different types of research pro­
jects: group, industry and individual, depending on what each 
school offers. The projects are less structurally and procedurally 
stringent than an Extended Project Qualification (EPQ) and 
unlike the EPQs, (worth 28 UCAS points which is equivalent to 
half an A-Level qualification (AQA, no date), which some maths 
schools offer) the research projects(s) are not awarded UCAS 
tariff points (a points system that scores post-16 qualifications 
and their grade boundaries).

An EPQ is a research project that enables students to develop 
their skills beyond the A-Level curriculum and is displayed on 
the students’ exam certificates (Gill, 2024). There is some evi­
dence that studying an EPQ reduces the entry requirement into 
university (Gill, 2024) however, this is not uniform across univer­
sities and studying an EPQ has no impact on entry requirements 
(Thompson, 2018).
For group projects, students are randomly assigned groups 
based on their ranking of preference of topics which are set 
by academic staff at the corresponding sponsoring university 
(U-Maths, no date). It is up to the students to interpret the brief 
with little assistance from the academic lead. Students are re­
quired to present their work in a presentation (KCLMS, no date 
b; University of Liverpool Mathematics School, no date). Some 
schools require students to produce a poster, and each school 
has a presentation day where students present their projects, 
inviting parents, lecturers, other year cohorts and outreach 
partners, depending on the school (KCLMS, no date b; EMS, no 
date c; University of Liverpool Mathematics School, no date).
The industry projects are group projects set by professionals 
across different STEM fields. The size and types of the com­
panies vary; from international companies such as GCHQ and 
Dyson to regional businesses (KCLMS, no date b and EMS, no 
date b). Students are required to present solutions to industry 
professionals through verbal and written presentations. Unlike 
the group project where students present their research in 
layman’s terms, students use academic jargon when present-

ing in the industry group project. Students use the curricular 
knowledge they learned at A-Level and apply it to real-world 
problems which they are required to solve. Students may need 
to learn new knowledge and skills to complete the project (e.g. 
a piece of software or some programming). See Figure 1 for an 
example of an academic poster from ICLMS.

For individual projects, students may either create a written 
presentation which may include using Latex (a software system 
for typesetting documents) or a poster and deliver a verbal 
presentation or a combination of these presentation formats to 
a small group of students and a member of staff. These projects 
are typically supervised by PhD students at the sponsoring 
universities where they provide in-depth feedback and support 
to students throughout their project (University of Liverpool 
Mathematics School, no date).

Depending on the school, students have varying degrees of au­
tonomy to select their individual projects. Some schools allow 
students to select their own project topic, however, they must 
pitch their project to a member of staff to ensure its feasibility.

Lecture Series

Mathematics schools provide students the opportunity to com­
plete modules in STEM topics. Modules are created and pre­
sented by teachers in a lecture format- with the aim to prepare 
students for university style teaching in addition to the module 
content being near or at undergraduate level (EMS, no date a). 
In addition to the lectures, there may also be workshops where 
students’ complete problem sheets. The research projects as 
well as the modules do not count towards the final A-Level 
grade or UCAS tariff points. Most schools require the modules 
not to be based on topics covered in the A-Level curriculum.

Advanced Entry Tests
Maths schools are also equipped to prepare students for ad­
vanced entry exams into university for example, the Mathemat­
ics Admission Test (MAT) and the Sixth Term Examination Papers 
(STEP) (EMS, no date; KCLMS, no date; University of Liverpool 
Mathematics School, no date; Leeds Maths School, no date; 
Imperial College London Mathematics School, no date a).

Pedagogy
Maths schools that have been involved in the PhD project 
strongly encourage collaboration. Collaborative learning is a 
pedagogy that involves students working on activities in groups 
small enough so everyone can participate (Education Endow­
ment Foundation, no date). Evidence shows that collaborative 
learning has a positive impact on students in STEM subjects 
compared to literacy (Education Endowment Foundation, no 
date) and can improve students’ attitude towards studying 
maths and lead to significant improvements in mathematical 
performances (Abd Algani, 2021). It has been shown to improve 
deeper learning, problem solving skills and students’ ability to 
socialise with their peers (Shimazoe and Aldrich, 2010).
In Maths Schools, collaborative learning involves students 
working in groups to solve problems, ensuring all members of 
the group participate. Maths classes have small whiteboards 
on walls across the classroom and some schools also have 
desks that students can write on to encourage collaboration. A 
common technique used in schools is Think, Pair and Share; a 
low-risk technique where students think about a problem indi­
vidually before sharing their ideas with their partner. The pair
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will then report their ideas back to the class or the larger group 
(Sapsuha and Bugis, 2013).

Some teachers employ flipped learning in their classrooms. 
Flipped learning is a pedagogical approach where students learn 
content outside the classroom using a variety of resources (Ed­
ucause, 2012). By learning the concepts outside the classroom 
rather than inside the classroom, students and teachers can 
tailor their instruction depending on students’ needs. They can 
also focus on delivering more advanced questions as students

will have studied the basis of the topics before class time (Har­
ris, Harris et al, 2016). Flipped learning allows students to learn 
at their own pace and their own style which gives them autono­
my over their own learning (Fulton, 2012).
Lectures are used by some schools to deliver A-Level curriculum 
content to students. Lectures are a controversial pedagogy, 
especially in higher education with regards to the effectiveness 
of lectures in improving students’ education. This is argued 
because of its passive characteristics, the length of lectures and
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Introduction Underflow Simplified Integer Problems

Computers play an essential role in our daily life, performing cal­
culations at rates that exceed natural human capability. How­
ever, these extraordinary computers have a number o1 limita­
tions. One of these limitations is the inability to be able to repre­
sent certain numbers with complete accuracy. A simple number 
like 0.1 cannot be represented with complete accuracy within a 
computer which highlights the fact that fast calculations de not 
mean accurate calculations. The reason behind this limitation is 
that computers operate on the binary number system, using only 
a finite number of binary digits to represent any number. As each 
binary digit can only have a place value which is a power of 2, it 
is not possible to represent every single decimal number using 
the binary number system. This means that the computer has to 
approximate the values of these decimal numbers while perform­
ing mathematical operations on them, which can lead to certain 
unexpected errors in the results of even simple arithmetic calcu­
lations. In our project, we have focused on a very specific arith­
metic calculation and have found an expression Io determine the 
probability that this calculation disobeys the law of associativity 
of addition.

Working in Binary

The Binary Number System

The binary system is a base-2 number system whose digits are 
called bits and can either be a 0 or a 1. The place value of each 
digit in a binary number is hence a power of 2. This is similar to 
how the place value of each digit in a decimal number is a power

Methods

THE FLOATING-POINT PROBLEM

Binary shifts (or logical shifts) are operations that move all the 
bits of a binary number either left or right.
A left shift represents a multiplication by a factor of 2 while a 
right shift represents a division by a factor of 2. In this project, 
the symbol » used represents a binary right shift.
Performing /i. number of binary shifts on a binary number pro­
duces n- number of empty bit places in the resulting binary num­
ber Hence, the resultant empty bits are replaced with n number

In this project, we have focused on finding an expression for 
the probability that the following floating-point inequality is

The floating-point representation of numbers can also be col­
loquially referred to as ‘Binary Standard Form'. Our report 
delves deeper into how the floating-point representation of 
numbers can be understood.

Left logical shift

Rounding Towards Zero

Some examples of round-towards-zero addition and round- 
towards-zero subtraction are as follows:

FIGURE 1: EXAMPLE OF AN ACADEMIC POSTER

Rounding towards zero in floating-point arithmetic refers to trun­
cating a floating-point result to produce an integer result. This is 
one of the methods of handling overflow and underflow in a com­
puter. preventing it from crashing, but this will generate an error 
in the result. In this project, the symbols and are used to 
represent round-towards-zero addition and round-towards-zero 
subtraction respectively.

Every binary number in a computer is allocated a specific bit­
length. Therefore, performing a binary shift will truncate any 
bits that have been shifted beyond the highest or the lowest 
operable bit position. This can be seen in Figure 2 where 
the leading 0 has been truncated after the left shift and the 
trailing 1 has been truncated after the right shift.
Considering the 4-bit long binary number 1111 (1 55 in deci­
mal), a right shift would produce a 5-bit long binary number 
0111.1 which contains a binary point, The last bit of this bi­
nary number (which is a 1} is now beyond the lowest operable 
bit position, and produces a situation called underflow. In or­
der to handle the underflow, the computer will truncate any 
bits that are beyond the lowest operable bit position. This 
would result in the binary number 0111 {7 in decimal). So, 
the right shift produces a small inaccuracy in the result for the 
half of 15. This inaccuracy is what causes the unexpected er­
rors in the results of arithmetic calculations.

The floating-point representation of numbers is used to rep­
resent real numbers in a way that supports a wide range at 
values, including large numbers and fractional values, while 
using a relatively smaller number of bits compared to the 
standard binary format. The floating-point format for a posi­
tive real number is as follows;

This is a rather complex floating-point problem, which we 
have decomposed into six simplified integer problems. The 
floating-point numbers Ar, Bj. and C j. have been converted 
into the integers A i* and C by replacing the idea of expo­
nents in the floating-point numbers with the variables m, A

and Results

The six simplified integer problems and the expressions for 
their probabilities have been listed as follows:

2. /-';

5.

The solution for the integer problem statement that we had 
derived from th© floating-point inequality is included in our 
report. See our report for the full solutions to the simplified 
integer problems.

In order to solve the simplified integer problems, we pro­
duced a specific type of diagram that we refer to as a graph. 
These graphs can be used to determine the probability that 
a specific simplified integer problem is true. The following 
graph can be used to calculate the probability that the first 
simplified integer problem is true for the base case where

Using this graph we can determine the probability that 
C-T Hi < :2"1" where m- — 3 and A- — 1 as the number of 
green boxes divided by the total number of boxes present on 
the graph as follows;

This Is the fundamental method that we have used to solve 
the simplified integer problems in our project.

Conclusion

We have been working on this project for a duration of over 
5 months and have certainly come a long way. Not only has 
this project expanded our mathematical skills, but It has also 
improved our collaboration skills. In conclusion, this project 
has made us passionate for a new field of computer science. 
We hope that we will have future opportunities to work on a 
project like this.
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students’ perceived lack of engagement with the material deliv­
ered to them (Mosvold, 2021).

Homework is used by schools for several purposes. All schools 
use homework as revision for previous material and for practis­
ing exam style questions. Some schools also use homework to 
provide material beyond the A-Level curriculum to stretch the 
highest performing students. These might include Maths Olym­
piad questions or university admission questions. Some schools 
also use it as a preface for new material to be covered in the up­
coming week. Schools varies between setting time completion 
approximations for each subject versus the volume of home­
work to be completed within a particular time. The time taken 
to complete the homework typically ranges between 2-3 hours 
for each subject. Homework is either marked by the students 
with solutions being uploaded at the start of the academic year 
or at the end of each week after the homework due date or 
marked by the teacher at the end of the week, depending on 
the school and on the subject.

Conclusion
The purpose of this paper has been to present a very brief 
overview of specialist mathematics schools in England: their 
context within the education system, the curriculum, and their 
pedagogy.
Despite being relatively new, they attract some of the country’s 
highest academic achieving STEM students, reflected in the high 
entry requirements.

The curricula are broad, going beyond the typical A-Level curric­
ulum, in breadth and depth; with students approaching prob­
lems using collaborative methods with their peers.

A distinguishing feature of Maths schools are their lecture 
series, delivering content similar to undergraduate level math­
ematics and in the same format. It is designed to simulate a 
university environment to prepare students for the transition to 
higher education.
Students also have the ability to complete research projects in 
different fields of STEM allowing them to explore topics in de­
tail, either beyond the A-Level curriculum or by studying topics 
that are included in the A-Level curriculum but studied later in 
the year, culminating in a student presentation day to a varying 
audience of experts and lay people.

In future papers, I will present results of students’ experiences 
as they complete their last year of school and as well as inter­
views from teachers, detailing their expectations of the maths 
schools, the students and their experiences of teaching at the 
maths schools.
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