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Gender Bias at Home!
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“Improving Diversity in STEM”,  
CaSE 2014 

“What type of job would you most like your child to pursue when 
they finish their education?” 



Gender Bias at School!

3 
Only 20% A2-level (& equiv.) physics students are girls. 

Appendix – reference charts for Sec!ons 7–9 • 37

trendence School Leaver Barometer 2014

© trendence 2014

86 If you were to go to university/college, how far away from
home would you be prepared to live?
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87 Which subjects are you most likely to study at university?
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88 What is your main reason for wan!ng to study these
subjects at university?
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89 How important are the following factors in your choice of
university? The help it will give me to find a career.
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90 Would you like to do a work placement as part of your
university course?
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91 Which of the following aspects are most important to you
in a job?
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“Which subjects are you most likely to study at University?” 

“School Leaver Barometer”, Trendence 2014 



Gender Bias in the Media!
 
Daily Mail 
1933 
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University of Cambridge!
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NB: Researchers includes researchers, research fellows and DoRs 
NB: Professors does not count DoRs who are also professors  
DoRs who are professors in AHSS (16M, 3F)  and in STEMM (24M, 2F) 



University of Cambridge!
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University of Cambridge!
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Senior Support & Champions!
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Vice-Chancellor Pro-Vice-Chancellor 
for Institutional Affairs 

Gender Equality Champions 

14 School SGEN 
Champions 

Senior Gender Equality Network (launched 2012)  
170 members (62% women),  
developed Gender Action Plan in 2013 



Key University Actions!
Resources and Support 

~£500k p.a. 

Athena 
SWAN team 



Key University Actions!
Senior Academic Promotions Resources and Support 

~£500k p.a. 

Athena 
SWAN team 

Candidates must pass a 
threshold score in all three 
categories (Research/
Scholarship, Teaching and 
General Contribution) to be 
considered for promotion. 
 



Key University Actions!

Returning Carers Scheme 

Senior Academic Promotions Resources and Support 

~£500k p.a. 

Athena 
SWAN team 

Candidates must pass a 
threshold score in all three 
categories (Research/
Scholarship, Teaching and 
General Contribution) to be 
considered for promotion. 
 

Funds to assist returning 
carers in building up research 
profiles and academic activity 
after a period away from work 
www.admin.cam.ac.uk/offices/hr/policy/carer/ 

~200 awards since 2012/13  
 



Key University Actions!
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Returning Carers Scheme Office of Postdoc 
Affairs (est. 2013) 

Senior Academic Promotions Resources and Support 

~£500k p.a. 

Athena 
SWAN team 

Candidates must pass a 
threshold score in all three 
categories (Research/
Scholarship, Teaching and 
General Contribution) to be 
considered for promotion. 
 

Funds to assist returning 
carers in building up research 
profiles and academic activity 
after a period away from work 
www.admin.cam.ac.uk/offices/hr/policy/carer/ 

~200 awards since 2012/13  
 

http://www.opda.cam.ac.uk 

Addresses issues across whole 
postdoc lifecycle from before 
arrival, through their time at 
Cambridge and beyond. 
 



National Engagement!

13 

Letter to the Times Higher Education 
stimulated debate to ensure that gender 
progression remains a priority at the 
highest levels within the HE sector.  	

“A broader definition of success within the 
sector will bring benefits not only to women 
– and indeed men – working in 
universities, but also to society as a whole”	

First University  
to join the 30% club 



View from an Athena SWAN Gold Department!
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View from an Athena SWAN Gold Department!
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Our journey!
Mar 2003 Senior women discussions 
Nov 2003 IoP “Women in Physics” site visit 
   2004     Cavendish Personnel Committee established 
 
   2008     Join Project Juno & Athena SWAN schemes  
   2010     Juno Champion (2 applications) 

        Athena SWAN Silver 
Jun 2013 Juno Champion renewal 
Nov 2013 Athena SWAN Gold (2 applications) 
 
Critical friends (e.g. IoP Juno panel) have been key to 
our success… 
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Golden Highlights !

17 

64% increase in 
number of women 
academics 

All female academics, 
eligible for promotion, 
promoted at least once 

Mandatory for all 
staff to undergo E&D 
training 



Golden Highlights !

18 

64% increase in 
number of women 
academics 

All female academics, 
eligible for promotion, 
promoted at least once 

Mandatory for all 
staff to undergo E&D 
training 

Research Staff Committee 
formed (very active); and 
significant expansion of 
career advice 

Demonstrated positive impact 
from re-design of 1st year UG 
physics course; and action 
plan to address performance 



Golden Highlights !

19 

64% increase in 
number of women 
academics 

All female academics, 
eligible for promotion, 
promoted at least once 

Mandatory for all 
staff to undergo E&D 
training 

Workload Model 
(adopted by other 
departments) 

Research Staff Committee 
formed (very active); and 
significant expansion of 
career advice 

Demonstrated positive impact 
from re-design of 1st year UG 
physics course; and action 
plan to address performance 

Cavendish Social 
Committee 

Influential engagement 
with Athena SWAN 
activities at University & 
national levels 



Changing Culture…!

20 



The Cavendish Chairs!
The Cavendish Laboratory (Department of Physics) at 
the University of Cambridge has 2 endowed chairs…. 

21 



The Cavendish Chairs!
The Cavendish Laboratory (Department of Physics) at 
the University of Cambridge has 2 endowed chairs…. 

22 
The Jacksonian Chair (est. 1782) 

Isaac Milner 



The Cavendish Chairs!
The Cavendish Laboratory (Department of Physics) at 
the University of Cambridge has 2 endowed chairs…. 
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The Cavendish Chair (est. 1871) 
James Clerk Maxwell 

The Jacksonian Chair (est. 1782) 
Isaac Milner 



The Cavendish Chairs!
The Cavendish Laboratory (Department of Physics) at 
the University of Cambridge has bought 2 chairs…. 

24 
The Cavendish High Chairs (est. 2012) 



The Cavendish Chairs!
The Cavendish high chairs (& baby-changing facilities) 
established a culture that is accepting of life beyond 
work. 
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The Cavendish Chairs!
The Cavendish high chairs (& baby-changing facilities) 
established a culture that is accepting of life beyond 
work. 
 
Challenge: Child policy within department 
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The Cavendish Chairs!
The Cavendish high chairs (& baby-changing facilities) 
established a culture that is accepting of life beyond 
work. 
 
Challenge: Child policy within department 
 
Other developments:  
•  Maternity/paternity mentoring (pre & post leave). 
•  Provision of childcare during appointment interviews. 
•  Workload reduction on return to work. 
•  University Returning Carers scheme.  
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Challenges Overcome!
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•  Recognising the demographic trend towards 
increasing numbers of EU & overseas students and 
post-docs. 

 
 



Challenges Overcome!

29 

  
 
 

•  Recognising the demographic trend towards 
increasing numbers of EU & overseas students and 
post-docs. 

•  Sense of belonging Early Career Researchers 
–  Research Staff Committee, University OpdA 
–  Mentoring 
–  Career advice, CV & fellowship workshops,                , 

interview practice 

 
 

�
�
�
Figure�18:�Girls�from�the�Newnham�project�visit�the�Cavendish�for�a�practical�class�session�(March�2013).�
�

Flexibility�and�managing�career�breaks�

a) Provide�data�for�the�past�five�years�(where�possible�with�clearly�labelled�graphical�
illustrations)�on�the�following�with�commentary�on�their�significance,�how�they�have�
affected�action�planning,�and�any�improvements�since�the�department’s�Silver�award.��

(i) Maternity�return�rate�–�comment�on�whether�maternity�return�rate�has�improved�
or�deteriorated�and�any�plans�for�further�improvement.�If�the�department�is�unable�
to�provide�a�maternity�return�rate,�please�explain�why.�
�

The�University�promotes�explicit�procedures� for�maternity37� (and�paternity)� leave�and� return� to�
work� through� its� website� and� at� staff� induction� in� the� Department.� The� return� rate� in� the�
Department�has�always�been�100%.�Since�2010,�4�members�of�research�staff�have�taken�maternity�
leave;�3�have�returned�fullͲtime�(one�promoted�to�a�Senior�Research�Associate).�The�other� is�still�
on�leave,�but�taking�full�advantage�of�“keeping�in�touch”�days�and�email�contact.��
�

(ii) Paternity,�adoption�and�parental�leave�uptake�–�comment�on�the�uptake�of�
paternity�leave�by�grade�and�parental�and�adoption�leave�by�gender�and�grade.�Has�
this�improved�or�deteriorated�and�what�plans�are�there�to�improve�further.�

Over�the�past�three�years,�there�have�been�6�members�of�staff�(all�research�staff)�who�have�taken�
paternity�leave.�The�paternity�forms�and�guidelines�are�accessible�from�the�Departmental�website�
and�all�staff�used�the�University�approved�procedure.� In�a�focus�group�with�research�staff� in�the�
Department,� the�ease�and�openness�of�paternity� leave�was�mentioned,�as�well�as� the� flexibility�
around� needing� to� take� time� off� at� short� notice� for� children� for� a� variety� of� reasons� including�
illness,�dropping� them�off/picking� them�up� from� school�etc.� In� addition,� in�2011� the�University�
introduced� a� policy� for� additional� paternity� leave� which� is� widely� publicised� across� the�
Department.�

�������������������������������������������������������

46�
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37�http://www.admin.cam.ac.uk/offices/hr/policy/maternity/�



Challenges Overcome!
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•  Recognising the demographic trend towards 
increasing numbers of EU & overseas students and 
post-docs. 

•  Sense of belonging Early Career Researchers 
–  Research Staff Committee, University OpdA 
–  Mentoring 
–  Career advice, CV & fellowship workshops,                , 

interview practice 

•  Academic community 
–  Mandatory E&D training 
–  Open & fair appointment processes 
–  Workload model 
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�

(ii) Paternity,�adoption�and�parental�leave�uptake�–�comment�on�the�uptake�of�
paternity�leave�by�grade�and�parental�and�adoption�leave�by�gender�and�grade.�Has�
this�improved�or�deteriorated�and�what�plans�are�there�to�improve�further.�

Over�the�past�three�years,�there�have�been�6�members�of�staff�(all�research�staff)�who�have�taken�
paternity�leave.�The�paternity�forms�and�guidelines�are�accessible�from�the�Departmental�website�
and�all�staff�used�the�University�approved�procedure.� In�a�focus�group�with�research�staff� in�the�
Department,� the�ease�and�openness�of�paternity� leave�was�mentioned,�as�well�as� the� flexibility�
around� needing� to� take� time� off� at� short� notice� for� children� for� a� variety� of� reasons� including�
illness,�dropping� them�off/picking� them�up� from� school�etc.� In� addition,� in�2011� the�University�
introduced� a� policy� for� additional� paternity� leave� which� is� widely� publicised� across� the�
Department.�
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•  Recognising the demographic trend towards 
increasing numbers of EU & overseas students and 
post-docs. 

•  Sense of belonging Early Career Researchers 
–  Research Staff Committee, University OpdA 
–  Mentoring 
–  Career advice, CV & fellowship workshops,                , 

interview practice 

•  Academic community 
–  Mandatory E&D training 
–  Open & fair appointment processes 
–  Workload model 

•  Culture & Communication 
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Figure�18:�Girls�from�the�Newnham�project�visit�the�Cavendish�for�a�practical�class�session�(March�2013).�
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What next? !
•  New Chair of Cavendish Personnel Committee 

appointed 
•  Follow through Action Plan 
•  Athena SWAN Gold renewal 2017 

•  School of Physical Sciences E&D Champion 
•   Act as champion and critical friend to 8 departments 

•  Chair of IoP Juno panel (from Jan 2016) 

•  Other IoP/national/international E&D initiatives 
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Questions?!
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Physics Exam Project!
Cambridge Natural Sciences course  
End of 1st year results: Physics  

34 
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Figure�9:�Performance�of�firstͲyear�undergraduates�in�their�end�of�year�Physics�exam;�a)�the�breakdown�of�
marks� into�classes� (1st�>70%,�2nd�50Ͳ70%�and�3rd�40Ͳ50%,�only�very�occasional� fails);�b)� the�percentage�of�
undergraduates�whose�marks� lie� in� the� top� 10%� (number� at� top� of� histogram);� and� c)� a� typical� (2012)�
Physics�mark�distribution.��
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Physics Exam Project!
Cambridge Natural Sciences course 
End of 1st year results: Physics  
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Figure�9:�Performance�of�firstͲyear�undergraduates�in�their�end�of�year�Physics�exam;�a)�the�breakdown�of�
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Physics Exam Project!
Cambridge Natural Sciences course 
End of 1st year results: Physics  
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Information Option or Choices

Gender Female/Male/Rather not say

CRSID (unique identifier)

College

College tutor

Pre-University education

Country of education UK/Overseas

School type Independent/State/Academy/Other (describe)

School pupil type Single Sex/Mixed

Final year school exam results

Exam type A-Levels/IB/Scottish highers/Pre-U/Other (describe)

Maths mark ? out of ?

Physics mark ? out of ?

Further maths mark ? out of ?

Other subjects ? out of ?

Table 1: Information requested from all student volunteers. The CRSID is a unique identifier used for
the student’s University email account.

were sca↵olded. The two papers, both time-limited to 2 hours, are shown in Appendix . The first
year physics students volunteered to sit the exam at the start of their final term. The students were
randomly assigned one of the two papers and were required to answer all questions, such that no bias
was incurred through question choice.

Volunteer data

Prior to the mock exam, volunteer students registered for the exam via an online form. The registration
form asked them to submit the supplementary data listed in Table 1. This included whether their
school was based in the UK or overseas, the type of school (independent, state, academy or other),
whether it was single-sex or mixed environment, and their final examination results. Within this last
category we specifically asked for the examination type (A2-level, international baccalaureate [IB],
Scottish highers, Pre-U), and where possible their numerical mark. The summary of our findings are
presented below. Only one student declined to declare their gender.

Question choice and structure

All questions chosen for the mock exam were selected from past physics papers taken between 1993
and 1999. The following criteria were used to select the questions:

• They needed to test topics covered in the first two terms of the first year physics course.

• In the original form of the question, the majority or all of the marks were allocated at the end
of the question with little or no sca↵olding present.

• Some questions focussed on topics that females were deemed less confident with according to
anecdotal opinions of the students and university tutors (supervisors).

5
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Number of students
Examination type Male Female Rather not say

A2-levels 189 61 1
IB 15 5

Scottish Highers 7 1
Pre-U 3 0
Other 21 10

Table 2: Number of volunteer students as a function of their previous school examination systems.

A2-level mark distribution as representative of the cohort as a whole. Of the 251 students who sat
A2-levels, all had taken physics and mathematics, and 70.9% (73.0%) of the women (men) had also
taken further mathematics. Figure 1 and Table 3 illustrate the high average A2-level marks (from
a total of 600), and relatively small standard deviations, in the classes starting knowledge. They
also indicate that A2-level further maths has a greater dispersion than single maths and physics and
therefore discriminates more between students of high ability. Figure 1 and Table 3 also show that the
female students have performed equally well (if not better) at A2-level than the male students in their
year group. It is apparent from this table that the pre-entry characteristics of our cohort are therefore
quite di↵erent from the results of students featured in previous larger and more general studies (Rudd,
1984; McNabb et al., 2002; Richardson & Woodley, 2003; Barrow et al., 2009).

Physics Maths Further Maths
Mean � N Mean � N Mean � N

Female 570.2 20.9 56 574.2 22.0 55 554.0 52.2 39
Male 566.3 22.0 159 573.7 18.4 159 555.9 30.5 116

Table 3: Arithmetic mean and standard deviation (�) of the A2-level scores (out of 600) for first year
undergraduates taking the mock exam, where N is the sample size. The values shows that the marks
achieved by female students at A2-level in physics, mathematics and further mathematics is equal to,
or better than, that of their male counterparts.

Results

Our primary objective is to establish whether or not sca↵olding in examination questions preferentially
assists female students compared with their male counterparts for a cohort whom had experienced the
same physics course. We also investigate the e↵ect of sca↵olded questions according to previous
examination performance and school background.

Analysis by gender

The mock exam mark distribution for the cohort by gender is shown in Figure 2a. The overall mean
is (55 ± 14)%, which is comparable to, but slightly lower than, previous end of first year exam mark
distributions. For example, the corresponding mean and standard deviations in 2010 and 2013 were
(58±15)% and (59±14)%, respectively. We therefore conclude that the paper was set at an appropriate
level and marked accordingly. In the subsequent analysis we consider the distributions of first, second
and third class degree marks. Since we do not apply scaling of marks, as for the end of year exams,

7



Physics Exam Project!
Paper: Section A: 4 short questions 
            Section B: 2 longer questions 
Candidates required to answer all questions. 
 
TWO versions of the same paper contained the SAME 
physics questions but with alternate styles: 
 
                “University” and “Scaffolded” 
 
Students randomly selected to sit one of the two papers 

40 



Physics Exam Project!
Paper 1 

41 

Appendices

A Examination Papers

Paper U

Section A

1. A potential di↵erence of 2.1±0.1 V is applied across a resistor of resistance 4.7±0.1 ⌦ for 55±1s.
Calculate the energy dissipated, together with its uncertainty. [5]

2. In a poorly maintained train, the thin cavity of a double glazed window is partially filled with
rain water. As the train decelerates along a horizontal track, a passenger notices that the water
surface is at an angle of 15 degrees to the horizontal.

(a) Draw a labelled diagram of the forces on a single water molecule. [3]

(b) Find the deceleration of the train. [2]

3. Why does the front end of a car dip upon braking? [5]

4. The wave function for an electron is split by a barrier into two parts which follow paths di↵ering
in length by 1 µm before they merge again. When the electron energy is 10 MeV the interference
is constructive.

(a) Write down the requirements for constructive and destructive interference. [1]

(b) What is the wavelength of the electron of energy 10 MeV? [1]

(c) By how much must the energy be increased for the interference to become destructive? [3]

Section B

5. (a) Discuss the use of the zero momentum frame for treating problems of collisions between
particales in two dimensions. Your answer should include appropriate diagrams. [3]

(b) A collision occurs between two (non-relativistic) bodies of equal mass m and velocity vectors
v1 and v2.

(i) Find the velocity vectors of the bodies in the zero momentum frame. [1]

(ii) Write down an expression for the kinetic energy that can be lost in the zero momentum
frame. [1]

(iii) How much kinetic energy is available for conversion to other forms of energy? [1]

(c) A particle of mass m travelling with speed V along the +x direction collides elastically with
a stationary particle of mass 2m. The particle of mass m is deflected through an angle of 30�.

(i) Draw a diagram of the particles before the collision, in the laboratory frame. [1]

(ii) Draw a diagram of the particles before the collision, in the zero momentum frame. [1]

(iii) Draw a diagram of the particles after the collision in the zero momentum frame. [2]
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(d) Transform back to the laboratory frame and, using velocity triangles or otherwise,

(i) find the velocity vector for mass, m. [2]

(ii) find the velocity vector for mass, 2m. [3]

6. Explain what is meant by the relativistic e↵ect of time dilation and give an example of an
experiment that demonstrates this e↵ect. [5]

Twins Alice and Bob go travelling in space. They each carry a clock to record how much they
age during the trip. Alice leaves Earth and travels at a steady speed of 5c/13 to a space station
1 light year away. Bob leaves Earth at the same time as Alice, but travels at a speed 5c/13 in
the opposite direction. When Alice reaches the space station she immediately turns around and
travels at a speed of 12c/13 towards Bob, eventually catching up with him. Find the elapsed
time on (a) Earth’s clocks, (b) Bob’s clock and (c) Alice’s clock between leaving Earth and
meeting in space. [10]

Paper S

Section A

1. (a) Write down an expression for the power dissipated in a resistor when a voltage is applied
across it. [1]
(b) A potential di↵erence of 2.1±0.1 V is applied across a resistor of resistance 4.7±0.1 ⌦ for
55±1 s. Calculate the energy dissipated. [2]
(c) Find an expression for the fractional uncertainty in the energy dissipated and hence calculate
the uncertainty in your previous result. [2]

2. In a poorly maintained train, the thin cavity of a double glazed window is partially filled with
rain water. As the train decelerates along a horizontal track, a passenger notices that the water
surface is at an angle of 15 degrees to the horizontal. What is the deceleration of the train? [5]

3. (a) A car slows down by braking. Draw a diagram of the car, indicating all the forces present
whilst braking. [2]
(b) Which force slows the car down? [1]
(c) Why does the front end of the car dip upon braking? [2]

4. The wave function for an electron is split by a barrier into two parts which follow paths di↵ering in
length by 1 µm before they merge again. When the electron energy is 10 MeV the interference
is constructive. By how much must the energy be increased for the interference to become
destructive? [5]

Section B

5. Discuss the use of the zero momentum frame for treating problems of collisions between particles
in two dimensions. Your answer should include appropriate diagrams. [3]
A collision occurs between two (non-relativistic) bodies of equal mass m and velocity vectors v1

and v2; how much kinetic energy is available for conversion to other forms of energy? [3]
A particle of mass m travelling with speed V along the +x direction collides elastically with a
stationary particle of mass 2m. The particle of massm is deflected through an angle of 30�. What
are the final velocity vectors of the two particles in the laboratory frame? Your answer should
be illustrated by appropriate diagrams in both the laboratory and zero momentum frames. [9]
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(a) Marks by gender.
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Figure 2: Distributions of (a) marks and (b) degree class [1st (>67%), 2nd (>47%), 3rd (>37%), and
fail (<37%)] for the mock exam cohort.

we set the first, second and third class boundaries to >67%, >47% and, >37%, respectively. The class
distribution for the whole cohort and by gender is shown in Figure 2b. In Figure 2 we observe the
phenomenon that prompted our study; the percentage of female students receiving a first (13.0%) is
significantly smaller than their corresponding male counterparts (21.6%), with the average mark on
the paper also di↵ering by 5.6% in favour of the male students. This di↵erence in the mean marks by
gender corresponds to a 3.2� e↵ect.

Each of the two mock examination papers allocated half of the marks to sca↵olded questions and
the remainder to university style questions. The separate class distributions for the scafolded and
university style questions are shown in Figure 3, and illustrates the dramatic di↵erences between the
marks achieved in the two di↵erent styles of questions, in particular in the extreme degree classifications
of first class marks and fails. The average percentage mark achieved for the university style questions
(49.6%) is 10.1% below that for the sca↵olded questions (59.7%), equivalent to a 7.2 standard deviation
e↵ect. In addition, a 14.3% di↵erence in the percentage of first class marks achieved between sca↵olded
and university style questions is observed.

The e↵ect of sca↵olding of questions is also considered by gender. The average percentage mark

9
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(b) Sca↵olded style.

Figure 3: Distribution of degree classes [1st (>67%), 2nd (>47%), 3rd (>37%), and fail (<37%)] for
the whole cohort as achieved for (a) university style and (b) sca↵olded style questions.

attained by female students for sca↵olded questions is 13.4% higher than for university style questions
(4.9 standard deviations). This can be compared to 9.0% (5.5 standard deviations) for the male
students. Overall, 19.5% more females achieve first class marks for the sca↵olded questions compared
to the university style questions, with 31.2% fewer of them failing. For the male students the di↵erence
was slightly less marked with 13.2% more achieving first class marks for the sca↵olded questions with
14.4% fewer failing.

We therefore conclude that sca↵olding of exam questions is beneficial to all undergraduate students
and that the female students benefit preferentially.

Analysis by A2-level performance

The results presented so far strongly agree with the hypothesis that sca↵olding in questions correlates
with exam performance. To further support this evidence we make an additional two comparisons. The
first is to establish whether the degree classification is correlated to A2-level examination performance.
The second is to investigate the correlation between A2-level performance and the sca↵olded and
university style questions.

Figure 4a shows the correlation between the marks scored at A2-level (physics, mathematics and
further mathematics) and the mock exam. A correlation is observed for all three A2-level subjects.
For those students who took both physics and mathematics at A2-level, the correlation between their
average A2-level mark and the mark they obtained in the mock exam for the sca↵olded and university
style questions is shown in Figure 4b. It can be seen that the performance of students depends
strongly on the style of exam question, and is apparent for all A2-level marks. For those students who
took physics, mathematics and further mathematics at A2-level, the correlation between their average
A2-level mark and the mark they obtained in the mock exam for the sca↵olded and university style
questions is shown in Figure 4c. Once again, it can be seen that the performance of students depends
strongly on the style of exam question, and is apparent for all A2-level marks. In addition, there is
an indication that the sca↵olded style questions partly reduces the correlation between the A2-level
mark and the mock exam mark.

10
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Figure 3: Distribution of degree classes [1st (>67%), 2nd (>47%), 3rd (>37%), and fail (<37%)] for
the whole cohort as achieved for (a) university style and (b) sca↵olded style questions.

attained by female students for sca↵olded questions is 13.4% higher than for university style questions
(4.9 standard deviations). This can be compared to 9.0% (5.5 standard deviations) for the male
students. Overall, 19.5% more females achieve first class marks for the sca↵olded questions compared
to the university style questions, with 31.2% fewer of them failing. For the male students the di↵erence
was slightly less marked with 13.2% more achieving first class marks for the sca↵olded questions with
14.4% fewer failing.

We therefore conclude that sca↵olding of exam questions is beneficial to all undergraduate students
and that the female students benefit preferentially.

Analysis by A2-level performance

The results presented so far strongly agree with the hypothesis that sca↵olding in questions correlates
with exam performance. To further support this evidence we make an additional two comparisons. The
first is to establish whether the degree classification is correlated to A2-level examination performance.
The second is to investigate the correlation between A2-level performance and the sca↵olded and
university style questions.

Figure 4a shows the correlation between the marks scored at A2-level (physics, mathematics and
further mathematics) and the mock exam. A correlation is observed for all three A2-level subjects.
For those students who took both physics and mathematics at A2-level, the correlation between their
average A2-level mark and the mark they obtained in the mock exam for the sca↵olded and university
style questions is shown in Figure 4b. It can be seen that the performance of students depends
strongly on the style of exam question, and is apparent for all A2-level marks. For those students who
took physics, mathematics and further mathematics at A2-level, the correlation between their average
A2-level mark and the mark they obtained in the mock exam for the sca↵olded and university style
questions is shown in Figure 4c. Once again, it can be seen that the performance of students depends
strongly on the style of exam question, and is apparent for all A2-level marks. In addition, there is
an indication that the sca↵olded style questions partly reduces the correlation between the A2-level
mark and the mock exam mark.
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Figure 5: Distributions of degree class [1st (>67%), 2nd (>47%), 3rd (>37%), and fail (<37%)] for
students educated in schools (a) in the UK and overseas, (b) in single-sex or mixed, and (c) as a
function of school type (d) as a function of gender and school type.

13

UK and Overseas Single-sex and Mixed 



Physics Exam Project!
 
 
 
 
 
 
 
 
 
UK independent school (irrespective of gender) better 

prepared for physics at Cambridge 47 

(a) UK and overseas. (b) Single-sex or mixed.
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Figure 5: Distributions of degree class [1st (>67%), 2nd (>47%), 3rd (>37%), and fail (<37%)] for
students educated in schools (a) in the UK and overseas, (b) in single-sex or mixed, and (c) as a
function of school type (d) as a function of gender and school type.
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Key findings!
•  No gender bias in performance at A2-level. 
 
•  Mock exam mark distribution confirms trend seen in 

end of year exams. 
 
•  “Scaffolded” questions improve performance of both 

genders from all school backgrounds, women 
benefitting preferentially. 

 
•  Correlation between A2-level and mock exam results 

reduced for scaffolded questions. 
 
•  Students with overseas, mixed environment and  

independent school education more likely to receive a 
first class mark in Year 1 (irrespective of gender). 48 
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The Image of Chemistry!
Top 5 images on Google: (“Chemistry images”) 
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Only 20% A2-level (& equiv.) physics students are girls. 



Critical Friends!
Critical friends have been key to our success… 
 
•  IoP Project Juno supports physics departments 

with visits, advice and complementary recognition 
to Athena SWAN. 

•  University of Cambridge 
–  E&D, WiSETi and Athena SWAN team 
–  School of Physical Sciences E&D Forum 
–  Gender Equality Group & Vice-Chancellor 
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2013 intake: A2-level scores (marked out of 600) 
 
 
 
 
 
 
Taken from the following study.  
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Number of students
Examination type Male Female Rather not say

A2-levels 189 61 1
IB 15 5

Scottish Highers 7 1
Pre-U 3 0
Other 21 10

Table 2: Number of volunteer students as a function of their previous school examination systems.

A2-level mark distribution as representative of the cohort as a whole. Of the 251 students who sat
A2-levels, all had taken physics and mathematics, and 70.9% (73.0%) of the women (men) had also
taken further mathematics. Figure 1 and Table 3 illustrate the high average A2-level marks (from
a total of 600), and relatively small standard deviations, in the classes starting knowledge. They
also indicate that A2-level further maths has a greater dispersion than single maths and physics and
therefore discriminates more between students of high ability. Figure 1 and Table 3 also show that the
female students have performed equally well (if not better) at A2-level than the male students in their
year group. It is apparent from this table that the pre-entry characteristics of our cohort are therefore
quite di↵erent from the results of students featured in previous larger and more general studies (Rudd,
1984; McNabb et al., 2002; Richardson & Woodley, 2003; Barrow et al., 2009).

Physics Maths Further Maths
Mean � N Mean � N Mean � N

Female 570.2 20.9 56 574.2 22.0 55 554.0 52.2 39
Male 566.3 22.0 159 573.7 18.4 159 555.9 30.5 116

Table 3: Arithmetic mean and standard deviation (�) of the A2-level scores (out of 600) for first year
undergraduates taking the mock exam, where N is the sample size. The values shows that the marks
achieved by female students at A2-level in physics, mathematics and further mathematics is equal to,
or better than, that of their male counterparts.

Results

Our primary objective is to establish whether or not sca↵olding in examination questions preferentially
assists female students compared with their male counterparts for a cohort whom had experienced the
same physics course. We also investigate the e↵ect of sca↵olded questions according to previous
examination performance and school background.

Analysis by gender

The mock exam mark distribution for the cohort by gender is shown in Figure 2a. The overall mean
is (55 ± 14)%, which is comparable to, but slightly lower than, previous end of first year exam mark
distributions. For example, the corresponding mean and standard deviations in 2010 and 2013 were
(58±15)% and (59±14)%, respectively. We therefore conclude that the paper was set at an appropriate
level and marked accordingly. In the subsequent analysis we consider the distributions of first, second
and third class degree marks. Since we do not apply scaling of marks, as for the end of year exams,
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(a) A2-level physics, maths and further maths. (b) University and sca↵olded questions for cohort with
A2-level physics and maths.
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A2-level physics, maths and further maths.

Figure 4: Distributions of the average mock mark versus the A2-level performance in (a) physics,
mathematics and further mathematics, (b) university and sca↵olded style questions for students who
took A2-level physics and mathematics, and (c) university and sca↵olded style questions for students
who took A2-level physics, mathematics and further mathematics. Students were sorted into bins of
size 20 according to their A2-level mean mark across subjects and the mean mock mark for each bin
was then calculated to produce the distributions shown here.
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(a) A2-level physics, maths and further maths. (b) University and sca↵olded questions for cohort with
A2-level physics and maths.
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(c) University and sca↵olded questions for cohort with
A2-level physics, maths and further maths.

Figure 4: Distributions of the average mock mark versus the A2-level performance in (a) physics,
mathematics and further mathematics, (b) university and sca↵olded style questions for students who
took A2-level physics and mathematics, and (c) university and sca↵olded style questions for students
who took A2-level physics, mathematics and further mathematics. Students were sorted into bins of
size 20 according to their A2-level mean mark across subjects and the mean mock mark for each bin
was then calculated to produce the distributions shown here.
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