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broaden and deepen a student’s mathematical knowledge,

and can be taken to either AS level or A-level alongside AS
or A-level Mathematics courses. It is valuable for a number of
reasons, including:

Further Mathematics (FM) is a qualification designed to

* the increased time spent engaging with mathematics and devel-
oping greater fluency;

* the study of important topics in pure mathematics not covered at
A-level, such as complex numbers and matrices, that are essen-
tial for anyone going on to study maths,
physics or engineering;

* the opportunity to study a broader range
of applications of mathematics;

e the development of increased confi-
dence and resilience in tackling de-
manding mathematical problems.

Mathematics

Further Mathematics is required to access
many mathematics-rich degree courses in
STEM subjects and it gives students a head-start in others where
specific mathematical skills are taught during the degree, such
as economics. Recent growth in entries has been welcomed by
government and industry, however, it has not redressed a long-
standing imbalance; girls achieve just as well as boys in FM, with
similar proportions gaining the top grades, but fewer of them
choose to study it. International trends [1] suggest we should not
be complacent about this: in the USA, girls now choose advanced
mathematics courses at school and university in equal proportions
to boys.

This article considers some of the ways in which schools and
colleges might promote girls’ participation in FM.
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... of all A-level subjects, the
only ones that show smaller
proportions of girls

and Computing ...

1 Who studies Further Mathematics?

In 2013/14, 66% of state institutions who offered A-level Math-
ematics also offered Further Mathematics, up from only 40% in
2005 [2]. The work of the Further Mathematics Support Pro-
gramme (FMSP) has been central to this change, providing online
and face to face tuition, as well as comprehensive professional
development support for teachers.

During this time student numbers in FM have increased signifi-
cantly for both boys and girls. Girls’ entries to AS Further Math-
ematics rose from around 1000 in 2003 to
almost 8000 in 2015; and at A-level Further
Mathematics they increased from approxi-
mately 1500 to over 4000. Despite these

than large increases, girls have consistently
. formed only around 30% of the cohort for
are PhyS|CS both qualifications. Since the average entry

size for Further Mathematics A-level in a
mixed school is seven students, this means
that a girl studying FM is likely to have
only one female peer in her class and many will have none. This
proportion is slightly lower than A-level Mathematics, for which
the 2015 figure was almost 40%. By contrast for Chemistry, a gen-
der neutral science subject, 49% of entries were from girls and for
Biology the figure was 61%. In fact, out of all A-level subjects, the
only ones that show smaller proportions of girls than Mathematics
are Physics (21.5%) and Computing (8.5%). A-level English has a
reversed gender imbalance to FM with boys making up only 28%
of the 2015 cohort [3].

Another way of considering the figures is to look at the A-level
choices made by students. In state-funded schools in England
35.5% of boys take A-level Mathematics compared to only 18%




of girls, meaning that boys are twice as likely to choose A-level
Mathematics. They are over 3.5 times as likely to take A-level
Further Mathematics (7% compared to less than 2% of girls) [4].

This progression rate is not explained by GCSE performance in
Mathematics (see Figure 1). In 2015, similar proportions of girls
and boys achieved A* to C grades in mathematics, and the propor-
tion of boys gaining the top A-A* grades only slightly exceeded
that of girls. Based on prior attainment alone, a similar proportion
of boys and girls would progress to study A-levels in Mathematics
and Further Mathematics.
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Figure 1: GCSE results 2015 for boys and girls [5].

However, research data on progression based on GCSE Math-
ematics grades indicate that girls are much less likely than boys to
continue with mathematics unless they achieve the top A* grade
at GCSE (see Figure 2). FM typically requires an A or A* for
entry, so this data suggests that we are losing girls in two ways:
first in the A-grade girls who are not choosing mathematics at all,
and then amongst both grades who choose only the single subject.

Table 1: Progression rates from GCSE Mathematics to
studying Mathematics to at least AS-level [6].

GCSE grade Girls Boys Overall
A* 77.4% 86.5% 82.0%
A 42.5% 64.5% 53.0%
B 11.5% 23.1% 16.8%

In addition, Figure 1 shows that girls’ performance averaged
across all GCSE subjects is higher than their performance in
Mathematics, whereas for boys the percentage pass rates are very
similar. The contrast is more marked for grades A/A* where 15%
of girls gain the top grades in Mathematics but nearly 10% more
average A/A* across all their subjects. Able girls thus have a wider
choice of potential A-levels available to them: even if they were to
choose Mathematics as one A-level subject, there is competition
for FM among their remaining two or three subjects.

2 Factors affecting girls’ participation in FM

There is little published research specifically relating to girls’
participation in FM. The FMSP, in conjunction with UCL IoE,
recently published a literature review and preliminary case study
findings focused on girls’ participation in A-level Mathematics
and Further Mathematics [7-8]. Key messages of these two pub-
lications are summarised below, alongside other relevant research
(where indicated).

As outlined above, gender disparity in participation is not
unique to FM. Our case studies selected five state schools and
colleges with high levels of participation by girls in A-level
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Mathematics and Further Mathematics and found a strong culture
of encouraging students to aspire to continue with mathematics
post-16, which was supported by senior leadership and careers
guidance. This agrees with statistical research by the Institute of
Physics (IoP) [9] that gendered progression to Physics within a
school correlates with gendered choices in other A-level subjects,
indicating a whole school effect.

Girls need to be inspired towards mathematics in early second-
ary school, as after the age of 13 their attitudes are unlikely to
change [10]. At departmental level, this means engaging early
with Key Stage 3 students to promote awareness of the usefulness
of A-levels in Mathematics and Further Mathematics for a range
of careers, both in STEM and non-STEM fields. Girls are more
likely than boys to take non-science subjects and need a strong
message that Further Mathematics A-level complements such
choices. Girls in the case studies chose mathematics post-16 to
support career ambitions in a wide range of fields including the
armed forces, youth work, sports science, neurobiology, orthop-
tics and aeronautical engineering.

Despite the strong take up from girls, the case study teachers
and students reported no specific initiatives to attract girls into
mathematics, rather a policy of preparing all able students to con-
tinue. Other research reviews have indicated that specific interven-
tions targeted at girls have a limited impact on those who already
had low STEM aspirations, and recommended emphasising the
diversity of uses, replacing messages that ‘STEM is for girls too’
with ‘STEM is for everyone’ [11].

Nevertheless we found aspects of school practice that teachers
and girls considered more influential for girls than boys. Some
schools actively promoted a statistics option in Year 12 as they
thought this was important for students studying social science
A-levels, a high proportion of which were girls. Girls noted the
importance of having access to a teacher who provides personal
encouragement and help, both within and outside the classroom.
This echoes the UPMAP survey [10] finding that

young people are more likely to take mathematics and / or
physics post-16 if a significant adult — typically a family
member or a teacher — has, over time, conveyed to them
the worth of mathematics and physics, along with a belief
that the student can do well in the subject.

We can see this as an exercise of ‘science capital’, which describes
a family’s science-related qualifications and understanding of and
interest in science. Families with low science capital do not have
the network of support that is needed to sustain girls’ engagement
in maths and science careers [10]. This is perhaps more likely
to be true for FM than other STEM A-levels and underpins the
need for direct encouragement from teachers, and interventions
which address families as well as students, providing information
about the benefits of FM. Even in these high-participation case
studies, teachers reported that Further Mathematics A-level is not
suitable for students considering medicine and highlighted this to
able girls for whom medicine is a likely aspiration. This is a mes-
sage that the FMSP addresses in their information and advice for
mathematicians who are prospective medics [12].

One intervention seen in all four case study schools was to run
additional qualifications alongside GCSE for all able year 11 stu-
dents (such as the AQA Level 2 Certificate in Further Mathemat-
ics). This provided opportunities for students to evaluate their in-
terest in the topics they would meet at A-level and to experience
challenge and success with this material. Girls reported it as par-
ticularly significant in reducing the perceived risk of committing
to a difficult A-level subject.



Many studies report girls having lower levels of self-concept in
relation to mathematics than boys, and find this is an important
factor in their lower levels of participation. There was a differ-
ent feeling in the case study schools, with one Year 12 female
mathematician emphasising support and resilience:

I don’t think it’s about boys and girls, I think it’s about
support to help you struggle and keep going — no-one can
do that breakthrough moment for you, when you eventu-
ally find something that works. And then you feel so good
about it — it’s like ‘I’'m a genius’, even if 'm going to get
stuck on the next question I try.

Girls’ positive perspectives were founded on experience and
relationships — they had encountered experiences of struggle and
knew that their teachers would help them overcome.

Each of these research findings underline the importance of dis-
seminating clear messages about what ‘works’ in increasing girls’
participation in Mathematics and Further Mathematics. Indeed,
many of the strategies identified above as being beneficial for girls’
participation can be considered as general good practice, benefi-
cial for all students but especially for girls. This is important in the
drive to accelerate the annual rate of increase of girls’ participation
in such a way that it more closely reflects that of boys.

3 2017 and beyond

In 2017, new A-level syllabuses in Mathematics and Further
Mathematics will commence. Modular examinations are removed
and both statistics and mechanics will be compulsory. This pre-
sents opportunities and threats to participation, both generally
and in particular for girls who are already underrepresented on
these courses. After a catastrophic fall in participation in A-level
Mathematics and Further Mathematics following the last major
reform of mathematics specifications in Curriculum 2000, it will
be vital for all teachers, senior leaders and those involved in maths
education to maintain a vigilant scrutiny of the impact of the
new changes and ensure they are used as a vehicle to enhance the
appeal of advanced level study of Mathematics to girls.
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