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Plan

1. Mathematics uptake in adolescence
2. How many teenage girls want to be mathematicians?
3. Do numbers of students taking mathematics in Year 12 decline?
4. Does advanced mathematics help girls in securing higher ATARs?
5. What happens to young women in transition to university?
6. Women in mathematics -- careers in academia
7. Why so slow?
8. What hard evidence is there of structural disadvantage?
9. How to go beyond scissor graphs to better support diversity in 

mathematics?
10. Collaboration networks within Australian mathematics as food for 

thought
11. Want to take action now? Actionable templates for making gender 

equity happen “by design”
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Inter-cohort stability 
in occupational 
expectations of 
teenagers
(science)

Joanna Sikora (2019) Is it all about 
early occupational expectations? 
How the gender gap in two science 
domains reproduces itself at 
subsequent stages of education: 
evidence from longitudinal PISA in 
Australia, International Journal of 
Science Education, 41:16, 2347-
2368, DOI: 10.1080/09500693.2019.
1676933



Mathematics courses in Years 11 and 12  in NSW

Maths 
Extension 2

Maths
Extension 1

Mathematics 

General Mathematics
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Mathematics Extension 2

• This course is designed for students with a special 
interest in mathematics who have shown that they 
possess special aptitude for the subject. The course 
offers a suitable preparation for study of mathematics 
at tertiary level, as well as a deeper and more extensive 
treatment of certain topics than is offered in other 
mathematics courses. It represents a distinctly high level 
in school mathematics involving the development of 
considerable manipulative skill and a high degree of 
understanding of the fundamental ideas of algebra and 
calculus. These topics are treated in some depth.
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Calendar year 
(%)

Mathematics 
life skills (%)

General 
mathematics 

(%)
Mathematics 

(%)

Mathematics 
Extension 1 

(%)

Mathematic
s extension 

2 (%)

Any 
mathematics

(%)
2001 1.3 50.4 25 10.7 4.4 91.8
2002 1.5 51.7 23.1 10.3 4.9 91.5
2003 1.6 49.2 22.7 10 5.3 88.8
2004 1.6 47.7 21.6 10.5 5.7 87
2005 1.7 46.9 21.1 10 5.3 85.1
2006 1.6 47.6 19.9 9.6 5.1 83.8
2007 1.8 47.3 19.5 9 4.8 82.4
2008 1.7 47.3 18.7 8.6 4.9 81.4
2009 1.7 47.1 18.5 8.6 5 80.8
2011 49.1 15.6 7.2 4.2 76.1
2017 46.5 13.04 8.16 3.02 70.7

Uptake of mathematics in Years 11 and 12 declines
(NSW data)

50

60

70

80

90

100

2001 2002 2003 2004 2005 2006 2007 2008 2009 2011 2017

% Any mathematics

Hodgen, J., Pepper, D., Sturman, 
L., & Ruddock, G. (2010). An 
international comparison of upper 
secondary mathematics education
24 country profiles. In T. N. 
Foundation (Ed.). London: The 
Nuffield Foundation.



HSC maths uptake in NSW in 2011
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Proportions of NSW students who studied and did not study Mathematics as part of their Higher 
School Certificate in 2011 by gender

Sikora, J., & Pitt, D. G. W. (2019). Does advanced mathematics help students enter university more than basic mathematics? 
Gender and returns to year 12 mathematics in Australia. Mathematics Education Research Journal, 31(2), 197‐218. 
https://doi.org/10.1007/s13394‐018‐0249‐3
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Expected HSC Mathematics Scaled Scores for boys and girls who received 85 points on their Year 10 
SC test with school sector, type and other control variables (see paper) kept at mean values. 

ATAR returns to study of mathematics by gender

Sikora, J., & Pitt, D. G. W. (2019). Does advanced mathematics help students enter university more than basic mathematics? Gender and returns to year 
12 mathematics in Australia. Mathematics Education Research Journal, 31(2), 197‐218. https://doi.org/10.1007/s13394‐018‐0249‐3
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Joanna 
Sikora (2019) DOI: 10.1080/0
9500693.2019.1676933

Data Longitudinal Survey of 
Australian Youth

Occupational expectation pathways between ages 16 and 26 
BAH= biology and health            CEM= computing, engineering and mathematics
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https://www.austms.org.au/Publ/Gazette/2017/Nov17/Honours.pdf

Higher Degrees and Honours Bachelor Degrees in Mathematics 
and Statistics Completed in Australia in 2016 Peter Johnston* 

In 2016

“increasing trend over the past 20 
years in the number of PhDs 

In 2016, there were 107 PhD 
completions of which 72 were by 
male students and 35 by female 
students. 

a drop in the number of 
completions by female students 
(down from 43 in 2015).”



Women in mathematics - academia
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https://www.sciencegenderequity.org.au/gender-equity-in-stem/
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“On a wide range of psychological measures, it’s clear that the two sexes are 
actually more similar than different, despite oft-repeated stereotypes or anecdotal 
assertions. In parallel with the findings that brains are a mosaic of features, repeat 
analyses of more than 100 different behavioural and personality traits believed to be 
characteristic of one sex or the other have demonstrated that they don’t fall into two 
distinct groups, but are best allocated to a single group. The researcher’s conclusion, 
delivered with a wry smile, can only be that men are not from Mars nor are women 
from Venus: we are all from Earth.”

Gina  Rippon, Prof of Cognitive Neuro Imaging The Conversation Feb 9, 2016



Brilliance and mathematics
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Fields which are seen as 
requiring “raw talent” i.e. gift 
that cannot be taught or 
achieved through hard work 
have low proportions  of 
female PhDs

This powerful stereotype 
affects the beliefs of men 
and women alike, leading 
men to “over-persistence” in 
mathematics and women to 
“downward biased self-
assessment”

Leslie, S.‐J., Cimpian, A., Meyer, M., & Freeland, E. 
(2015). Expectations of brilliance underlie 
gender distributions across academic 
disciplines. Science, 347(6219), 262‐265. 



What hard evidence is there of social
structural disadvantage?
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Get a job
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Experimental research
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Fake CV applications, 
identical save for gender, 
both male and female 
professors less likely to hire 
female applicants

Many faculty members want studies to prove 
that there is gender bias. It fits their own 
political and ideological beliefs. They are happy 
when they see studies prove this.

Viktor Blåsjö

they had no incentive to be truthful, but some 
incentive to ensure the study produced the 
results they favoured.

http://intellectualmathematics.com/

Moss‐Racusin, C. A., Dovidio, J. F., Brescoll, V. L., Graham, M. J., & Handelsman, J. 
(2012). Science faculty’s subtle gender biases favor male students. 
Proceedings of the National Academy of Sciences, 109(41), 16474‐16479. 



Teach
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Teaching evaluations experiments

• Online teaching, no audio, no video (University North Carolina USA)
• Two teachers, a male and a female teach from identical course materials
• To capture bias effects each presents themselves as a male to some students and a 

female to other students

20

MacNell, L., Driscoll, A., & Hunt, A. N. (2015). What’s in a name: Exposing gender bias in 
student ratings of teaching. Innovative Higher Education, 40(4), 291‐303



Teaching evaluation bias in large scale admin data
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UNSW  523,703 evaluations
Native female 
teacher

Non English 
female teacher

Non English male 
teacher

No bias

Dotted lines are male students
Solid lines ae female students
95% confidence intervals

students

Science 
courses

Fan, Y., Shepherd, L., Slavich, E., Waters, D., Stone, M., Abel, R., & Johnston, E. (2019). Gender and cultural bias in student evaluations: 
Why representation matters. PloS one, 14(2), e0209749. 



Publish
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Women tend to publish less than men



Do women publish less than men?

• zbMath (Zentralblatt MATH) - 3 million publications 1970-2013
• Women particularly underrepresented in top journals
• Over time the presence of women (tripled) and the share of their 

publications is increasing
• But women tend to abandon their careers in mathematics at a higher 

rate than men
• Why few women in top journals? Don’t try? Bias in editorial boards? 

Bias in reviews? This is independent of  specialisation 
• Men might receive greater patronage and support to foster their 

research productivity
• Data on rejection rates would be useful but are not available

24

Mihaljević‐Brandt, H., Santamaría, L., & Tullney, M. (2016). The effect of gender in the 
publication patterns in mathematics. PloS one, 11(10), e0165367. 
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Women underrepresented in top mathematics journals



In which subfields are women most underrepresented?
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1. Take the average 
proportion of women 
per field; expected 
value= 15.5%

2. Compute confidence 
intervals using 
bootstrapping 

3. Find fields with 
significantly fewer 
women than 
expected

4. And significantly 
more  than expected

938,301 papers posted to the arXiv between its creation and July 2014

Brisbin, A., & Whitcher, U. (2015). Women's Representation in Mathematics Subfields: Evidence from the arXiv. arXiv preprint arXiv:1509.07824. 



Networks
27



Scissor graph of female underrepresentation
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https://www.sciencegenderequity.org.au/gender-equity-in-stem/
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Scissor graph Go8 Mathematics Departments
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Data source: Own calculations based on departmental website information for Go8 universities
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Data source: Own calculations based on departmental website information for Go8 universities



Collaboration networks in Go8 Mathematics Departments

• What insights can we get from studying within- and 

between-department collaboration networks by gender?

• Here: data from departmental websites of Go8 

universities  (Mathematics only) and citations from 

Scopus (some checks against MathScinet for accuracy)

• Work in progress -- myself and Prof. Robert Ackland, 

ANU 

• -- colour coding 
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male female
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Women make up 14% of staff 
in this department but account 
for 43% of isolates in the 
within-departmental 
collaboration network

Women make up 18% of staff 
in this department but account 
for 22% of isolates in the 
within-departmental 
collaboration network

Only Go8 Australian academics. Ties/edges indicate co-authoring a paper together.  Size of node is 
proportional to total number of co-authors a person has, The more collaborations the thicker the line.
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Women make up 14% of staff in this 
department but account for 50% of isolates 
in the within-departmental network even 
with colleagues’ outside collaborations 
included

Women make up 18% of staff in this 
department but account for 33% of isolates 
in the within-departmental network, even 
with colleagues’ outside collaborations 
included

Collaboration networks including “important others” i.e. authors 
outside of department with at least 2 co-authored papers
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Across all Go8 universities, 
women make up 21% of 
staff but account for only 
16% of isolates in the 
network that includes non-
Go8 collaborators

degree
centrality is 20% for 
women

weighted
degree centrality is 18% for 
women



To sum up
• The proportion of women in Australian mathematics is not likely to reach 

50% any time soon
• In the meantime the ARC is considering imposing gender quota on grant 

applications. Can some of these measures be actually detrimental to 
mathematics?

• Pay attention to patterns of mathematics engagement in primary and 
secondary education

• Foster the image of mathematics as a field in which diversity (gender, 
religion, ethnicity, sexual orientation, fluid gender presentation, being 
intersex, living with chronic conditions, being differently able etc) is 
welcome and celebrated

• Gender stereotypes do not harm only women, they harm men who are 
less likely to be rewarded with promotion for excellence in teaching, who 
find it harder to take time off to care for children and not be penalised, 
whose mental health may suffer as a result of strict expectations of what 
performance of “masculinity” within academia entails

• How to take action now?
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MENTORING AND GUIDANCE IN CAREERS 
(MAGIC) WORKSHOP
EARLY CAREER FEMALE OR GENDER DIVERSE 
RESEARCHERS IN MATHEMATICS, PHYSICS 
AND CHEMISTRY
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Should all heads of department read this book?

Organisational change starts with leaders

If leaders are not committed, nothing changes

1. Continuously collect and analyse data at unit level

2. Ensure transparency

3. Create the conditions for collective intelligence

4. Create role models: Seeing is believing

5. Level the playing field: give feedback to help people 

correct their biases, compensate for differential impact 

due to gender bias

6. Reduce bias in risky environments

7. Attract the right people (language of job 

advertisements)

8. Create smarter evaluation processes

Don’t have time to read? Watch Iris Bohnet on Youtube summarise her book

2016


