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Two Studies

Mind the Gap

A study based on the perceptions of students and
academics

Students include those who did choose physics or
engineering as well as those who could have
done but chose not to.

SCORE Maths in Science A-levels

Investigations and characterisation of the
mathematical content of science A-levels in
absolute terms and relative to what is in the
curriculum

Also feedback from academics and employers
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Mind the Gap: Specific objectives

To understand the extent to which students are
prepared to deal with the maths aspects of
physics and engineering undergraduate courses
Transition from A-Level to degree
Reactions to mathematical aspects of degree courses

Most and least challenging mathematical aspects
Gaps in preparation

To understand reasons for not pursuing physics
to degree level
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A-Level subjects studied (%)

Subject(s) studied at A/ AS Level

A Level Physics
96

AS Level Physics

A Level Maths (pure + mechanics) %
i

AS Level Maths (pure +

mechanics) m Total (393)
A Level Maths (pure + statistics) - ® Physics (180)
. . .
AS Level Maths (pure + statistics) Engineering (183)
Computer Science (30)
A Level Further maths
50
AS Level Further maths
0 20 40 60 80 100
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A-Level grades high overall, but especially
amongst those studying Further Maths

Percentage of respondents achieving A or A* grade

Maths (mechanics) (349)

97
75
o 97
Maths (statistics) (225) 85
78
64
0 50 100

® Further maths

= No further maths

Physics (357)

e |
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A number of factors steered potential students away from

Physics degrees

Physics

. . mpar
Aptitude for perceived ?ooFupr?hgg Lack of
Maths at Maths & more as hs awareness
GCSE = Physics are 0l ear ni |5‘n|y3| S ﬁot of potential
study at A- a logical fit than as career
Level oprob. eéﬁallenging options
sol ving
- . AWhat you could do with a Ph
Al guess itods the only th yasnevermentionedto me or gone over
sense to me | was good at it and the in my classes. | donodt think
problem-solving and satisfaction that you mentioned. A lot of people who were
get from that made me more enthusiastic interested in Physics did En
about it. It just seemed like the natural Maths & Physics joint honours student
thing to want Mahsstudy it /"
\student : - :
e’ /
\
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Variation in extent to which expectations around
mat hemati c al content wer e m

Further Maths: 38%: No Further Maths: 57%

7 | | | | | | | | i
Total (393) M 47 5

Physics (180) 49 2

Engineering (183) 45 9 |

Computer Science (30) 47 q
| | | |

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

® There is a great deal more mathematical content than | expected

= There is somewhat more mathematical content than | expected
The degree of mathematical content meets my expectations
There is somewhat less mathematical content than | expected

® There is a great deal less mathematical content than | expected
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éand difficulty

Further Maths: 36%; No Further Maths: 56%

] | | |
Total(s09) [N S % 2 |
Physics (180 h % 1
Computer Science (30) F 53 10
| | | | |
0% 20% 40% 60% 80% 100%

H |t is a great deal more difficult than | expected
= It is somewhat more difficult than | expected
It is at the level | expected
It is somewhat easier than | expected

H |t is a great deal easier than | expected
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Students and academics differed in their perceptions of
students ability to cope with mathematical content

Further Maths: 88%: No Further Maths: 66%

Total (393)

Physics (150) [N FSTNN T T SSEI I o

Engineering (183)

Compuer Sience (5) BN 0N SN 01

mNot at all well = Not very well = Quite well ®Very well

= Not at all well prepared Not very well prepared = Quite well prepared m Very well prepared
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Vast majority of academics also agreed that students
joining their course lacked fluency in Maths

Level of agreement that incoming students lack fluency in Maths
| | | | |

Academics (40)

0% 20% 40% 60% 80% 100%

m Strongly disagree = Somewhat disagree = Neither agree nor disagree = Somewhat agree m Strongly agree

*Base: 36 academics
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Specific areas of difficulty according to students and

academics
Elements that academics perceived Elements that students found particularly challenging
students to find particularly challenging
Integration Integration
Being abl e t yBedihrege abl e to ide the appropri at

Vectors and scalars Vectors and scalars

Complex numbers Matrices
Calculus

Calculus
Algebra

Matrices Complex numbers

Logs Differentiation m Total (393)
Differentiation Transposing equations ® Physics (180)
Exponentials Geometry ® Engineering (183)
Transposing equations Exponentials Computer Science (30)
Geometry
L
Other 09°
None None
100 100
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Many academics believed there could be long-term
consequences

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Strongly disagree = Somewhat disagree = Neither agree nor disagree = Somewhat agree m Strongly agree
_ !

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Strongly disagree = Somewhat disagree = Neither agree nor disagree = Somewhat agree = Strongly agree
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... long-term consequences

er si

r ma t

This can prove to be an

¥
obstacle throughout the /
course

A small number (ranging
from 5-15%) drop out each
year, but this cannot be
directly linked to a struggle |
with mathematical content \
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A number of reasons offered for perceived lack of fluency

TEACHING TO EXAMS

Many academics believed that A-Level Maths is
taught too heavily to exam
Some agreement from students

Equations/ techniques taught by rote

, Leads to a lack of understanding of the context
In which techniques should be applied

© €/ f] was startled by hbw
university level maths is, lots more
rigour. | wasn't very well prepared for
this by my school's teaching to pass

. € x a nPhysics student
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A number of reasons offered for perceived lack of fluency

COMPARTMENTALISATION

, Too little connection between Maths & Physics
at A-Level
Too little connection between modules
Further compounds inability to see the link

between mathematical techniques and their place
within Physics/ Engineering
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Possible solutions suggested from academic perspective

i's taught at A

speci fic cas:s
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Key points

Lack of awareness of what a physics degree
Involves or can lead to

A level should give a better foretaste of degree work
Stronger careers promotion needed

Academics and students recognise problems
with maths preparation

Academics perceive a greater problem than students

Further Maths is regarded as helpful for degree
preparation

Practice makes perfect

Teaching to the Test and Compartmentalisation at
A level

Does not encourage use of maths within physics

Does not give a realistic foretaste of degree work
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Mathematics within A-level
Sciences



Amount of mathematics

Question parts in a complete
Biology A-level (%)

BIOLOGY A-level

A B

Awarding Organisations

Cc D E

CHEMISTRY A-level

60

Question parts in a complete
Chemistry A-level (%)

A B [o] D E
Awarding Organisations

PHYSICS A-level

60

Physics A-level (%)

Question parts in a complete

A B C D E

Awarding Organisations

Question parts

Biology A-level 16% - 35%
Chemistry A-level

Physics A-level 47% - 59%




Type of maths and coverage

Physics

PHYSICS
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Difficulty - steps in calculation

Question parts in a complete
Biology A-level (%)

BIOLOGY A-level

M single step M Multiple step M Extended step

calculation calculation calculation

35
30+

254

20
154
10
54
0

A B C D
Awarding Organisations

Question parts in a complete
Chemistry A-level (%)

CHEMISTRY A-level

M Single step M Multiple step M Extended step
calculation calculation calculation

60

50

40+

301

20+

A B [o] D E
Awarding Organisations

Question parts in a complete
Physics A-level (%)

PHYSICS A-level

M single step M Multiple step B Extended step
calculation calculation calculation

60

50

40

307

20

107

0 B c D E

Awarding Organisations




Difficulty - complexity

BIOLOGY A-level

M Require M Requires understanding M Requires understanding
simple and application of of mathematics across
recall mathematics within domain

one domain

35

301

257
207

Question parts in a complete
Biology A-level (%)

A B C D E
Awarding Organisations

CHEMISTRY A-level

M Require M Requires understanding B Requires understanding
simple and application of of mathematics across
recall mathematics within domain

one domain

g 60

5 —

ES w0

[«

[EI]

© g 40

£%

[} 30

t2

(u -’

.2 20

§5

"3 = 10

80

3 oA

o A B C D E

Awarding Organisations

M Require
simple
recall

PHYSICS A-level

M Requires understanding M Requires understanding
of mathematics across

and application of
mathematics within
one domain

domain

Physics A-level (%)

Question parts in a complete

B ¢ D
Awarding Organisations
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Difficulty - familiarity

BIOLOGY A-level

B Context contains
some novel aspects

M Familiar
context

M unfamiliar
context

35

30

251

20
157

Question parts in a complete
Biology A-level (%)

A B c D
Awarding Organisations

CHEMISTRY A-level

M Unfamiliar
context

M Context contains
some novel aspects!

M Familiar
context

Question parts in a complete
Physics A-level (%)
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Appropriateness
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