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We investigate female participation in PhD education in mathematics. Nine of eleven 
subject areas for PhD studies in Sweden had reached a 60/40 gender balance in 2010, 
the exceptions being mathematics and engineering and technology. Using linear 
regression, we fit a growth model to the increase in the proportion of female PhD 
students. We show that mathematics has a slower growth rate in female participation 
than other subjects, and present differences can’t be attributed simply to a lower initial 
female participation. If current trends continue, it will take approximately another 15 
years for mathematics to reach a 60/40 gender balance.  
INTRODUCTION 
In Sweden, at undergraduate level in most subjects, women are in majority. This is true 
for many other countries as well (OECD, 2015). During the last decades, female 
participation including advanced higher education has not only increased but also in 
many areas reached a balance within the 40-60 % span (Lindberg, Riis & Silander, 
2011). This balance of 60/40 is the Swedish government’s criteria for equality. The 
increase in female participation is a global trend: for 2012, the OECD average was 47 
% female doctoral (or equivalent graduates) and the EU21 average was 48 % (OECD, 
2015). The situation for mathematics is different. In Sweden, there are 50 % girls in 
the most mathematical intense upper secondary school programme, the Natural Science 
programme, but only one third of the students at undergraduate level in mathematics 
or other mathematics intensive courses including engineering and teacher education 
are women (Brandell, 2008). This pattern has been observed in many other western 
countries as well e.g. in USA (Herzig, 2004; Piatek-Jimenez, 2015) and the UK 
(Burton, 2004). Moreover, there are less women doing doctoral studies. In 2007, 23% 
of the doctoral degrees in mathematics in Sweden were completed by females 
(Lindberg, Riis & Silander, 2011). Mathematics here includes areas such as 
mathematics statistics, applied mathematics, mathematics history, and mathematics 
education. Hence, women disappear in mathematics, where the first filter is from upper 
secondary school to university and the second filter from undergraduate level to PhD. 
How it this ‘disappearance’ compared to other subjects? In this paper, we focus on the 
second filter and pose two research questions: (1) Has the proportion female PhD 
students in mathematics followed a different growth rate compared to other subjects?; 
and, (2) If current trend continues, how long will it take to reach a 40-60 balance?  
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BACKGROUND 
We see gender as a social construction, meaning that gender is something more than 
just a consequence of a biological sex (West & Zimmerman, 1987). Connell (2006) 
explained gender as: 

“a pattern of social relations in which the positions of women and men are defined, the 
cultural meanings of being a man and a woman are negotiated, and their trajectories 
through life are mapped out.” (Connell, 2006, p. 839). 

The characteristics and culture dependent traits are attributed by the society to men and 
women. In the long term, these traits create norms and gender could therefor be thought 
of “as socially constructed differences between men and women and the beliefs and 
identities that support difference and inequality” (Acker, 2006, p. 444). This is a 
dynamic process meaning that the attributions, beliefs, identities etc. are not static 
(Damarin & Erchick, 2010). The concept gender can be divided into different aspects 
or dimensions. Here, we want to understand structural aspects of gender balance and 
we use the four different aspects of gender described by Bjerrum Nielsen (2003): 
structural, symbolic, personal, and interactional gender. Structural gender refers to 
gender as part of a social structure alongside with other factors e.g. ethnicity and class. 
An example of structural gender is the percentage that gets an academic profession. In 
organisations, gender together with class and race create the base for inequality (Acker, 
2006). Gender is still a main factor for women participation at work and we find old 
patterns of gender segregation (Bergström, 2007). The focus in this paper is the number 
of female PhD students in mathematics compared to other subjects in Sweden, which 
falls into this aspect of gender.  
The second aspect is symbolic gender which appears in the shape of symbols and 
discourses (Bjerrum Nielsen, 2003).  It tells us what is normal and what is deviant such 
as the idea of mathematics as a male domain (Brandell, Leder & Nyström, 2007). These 
symbols can have very strong impact. The explanation model for success using the two 
symbols ‘the hard working female’ (e.g. Hermione Granger) and ‘the male genius’ (e.g. 
Sherlock Holmes) is considered one of the main reason for gender imbalance at 
university level (Leslie, Cimpian, Meyer & Freeland, 2015). The third aspect, personal 
gender, focuses on on how the individual perceive the structure with its symbols 
(Bjerrum Nielsen, 2003). As stated earlier, this is a dynamic process and the structure 
and its symbols can influence and change in a constant on-going process which affects 
personal gender. In her study of female undergraduate students in mathematics, 
Solomon (2012) concluded that the students were forced to work with their identity, 
their self-concept as ‘a woman in mathematics’, and this work included how they 
talked about themselves and their situation. The last aspect described by Bjerrum 
Nielsen (2003) is interactional gender. These four aspects are inter-related creating 
gender regimes. An example of this is the case of homosociality (Lipman-Blumen, 
1976). This is a pattern where primarily men construct and choose situations dominated 
by men such as male professors deciding to employ male PhD students similar to 
themselves, or male students choosing mathematics since it is a ‘good’ environment. 



Sumpter, Sumpter 

PME40 – 2016 4–253 

Such patterns, or gender regimes, “provides the context for particular events, 
relationships, and individual practices.” (Connell, 2006, p. 839). Gender division of 
labour is then not just a question of glass ceilings but more a question about gendered 
institutions including relations of power and symbolism (Connell, 2006). One result of 
gendered institutions could be women leaving mathematics. In previous papers, the 
reasons why female mathematicians decide to leave academia after their PhD have 
been investigated (Sumpter, 2014a; 2014b). The main reason was the difficulty getting 
a job without support which has been reported in previous research (Husu, 2005). 
Therefore, the number of women is an important factor when wanting to understand 
why some subjects have more women participants than others. This is particularly 
central since women in male-dominated professions don’t seem to benefit of the ‘glass 
escalator’ as men do in female-dominated professions but instead they hit the glass 
ceiling (Budig, 2002; Hultin, 2003). Another reason why female Swedish 
mathematicians left the subject was the hostility of the environment (Sumpter, 2014b). 
In a summary of the theory of gendered organisations developed by Acker/ Williams, 
we read that “woman does not fit the disembodied category of the ideal worker (Budig, 
2002, p. 261)”. If we apply the theory of gendered organisations to female in 
mathematics with mathematics as a male domain, by default women are not 
mathematicians. 
METHOD 
In order to answer the research questions, we downloaded open access data from SCB 
(Statistics Sweden) that has been provided by UKÄ (Swedish Higher Education 
Authority). The data had the number of recorded PhD students ordered in research 
subject (according to national division of subjects), sex (female/male), and percentages 
of activity (full-time/part-time/ null activity). The data set comprised figures from the 
second half of the calendar year from 1973 to 2010. Here, we are interested in active 
students and therefore students recorded with null activity were removed from the data 
set. Given that we use data over almost four decades allows us to give a historical 
perspective of the growth rate. Since the data are presented according to the national 
division of subjects, mathematics at this level of division means mathematical sciences 
and it is not just restricted to pure mathematics. The other subjects are: veterinary 
medicine, law, dentistry, medicine, humanities, social sciences, agricultural sciences, 
engineering and technology, and natural sciences.  
For each time series of proportion of female students, we fitted a logistic growth 
equation, commonly used for describing the spread of ‘innovations’ (Rossman, Chiu 
& Mol, 2008). We set 

	 /
	     (1) 

where t is number of years since 1973,  is the proportion of women in each subject, 
a=	ln	 1/ 2 0 1  sets the initial proportion in 1973 (t=0), and r determines the 
rate of increase of female PhD students.  
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To fit equation (1) and estimate parameters a and r we first transformed the data so we 
could perform linear regression, i.e. 

ln 	   (2) 

Equation (1) implies that the maximum proportion of females is 50%. Some subject 
areas, in particular veterinary medicine, have a greater than 50% female gender 
balance. In fitting the curves, however, we assume that all data values where  

are set equal to . This is consistent with our research question concerning the 
time until parity is reached. We estimated the parameters a and r along with standard 
error for each value using the linear regression equation. The range for p(0) is then 
determined by /

	  where sa is the estimated standard error of a. The range of r 
is the estimated value plus/minus its estimated standard error. 

RESULTS 
Figure 1 shows the change in female participation in the eleven distinct subjects. Nine 
of these subjects had, by 2010, reached at least a 40% female PhD students. The two 
exceptions are mathematics and engineering and technology. 
 

 
Figure 1: Change in the proportion of female PhD students between 1973-2010 grouped by 

subject area. From the top: Veterinary medicine, Law, Dentistry, Medicine, humanities, 
Social science, Agricultural studies, Natural sciences, Engineering and technology, and 

Mathematics. 
 
Figure 2 shows the fit of the logistic growth equation to the increase in the proportion 
of women in four different subject areas.  
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Figure 2: Change of proportion of PhD students between 1973-2010 for four subjects: 

mathematics (top left), natural sciences (top right), forest and agricultural sciences (bottom 
left) and engineering and technology (bottom right). Thicker line is data from Figure 1. For 

parameter estimates see table 1. Dotted line is threshold of 40% women. 
 
Forest and agricultural studies saw a rapid increase in female participation, from 
initially low levels. Natural sciences also saw relatively rapid increases, but from 
higher initial levels. Both of these subjects passed the 40% level before 2010. The 
growth rates of mathematics and engineering and technology are smaller, with 
mathematics projected to pass the 40% level in 2031 and engineering and technology 
projected to pass 40% in 2022. Table 1 gives the parameter estimates for growth rate r 
and initial levels p(0) for all eleven subjects: 

  Subject area 
 

Initial proportion 
female (range): p(0) 

Growth rate: 
r±(std. error 

Pharmacology [0.2071, 0.3522] 0.229±0.022 
Humanities [0.1992, 0.2734] 0.186±0.015 
Mathematics [0.0653, 0.0662] 0.054±0.002 
Medicine [0.0371, 0.0395] 0.266±0.018 
Natural Sciences [0.1234,0.1274] 0.094±0.003 
Dentistry [0.0779, 0.0850] 0.253±0.012 
Law [0.0445, 0.0481] 0.219±0.019 
Social sciences [0.0763, 0.0857] 0.217±0.016 
Forest and Agricultural Studies [0.0365, 0.0386] 0.206±0.016 
Engineering and Technology [0.0626, 0.0633] 0.067±0.002 
Veterinary Medicine [0.0755, 0.0869] 0.276±0.019 
Table 1: Parameter estimates from fitting logistic growth (equation 1) to data.  
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A useful interpretation of the logistic growth equation can be made in terms of how the 
rate of increase of female PhD students depends upon the current proportion of female 
PhD students, i.e. in terms of feedbacks between current levels and further increases. 
Equation (1) is the solution to the differential equation dp/dt = rp(1-2p). This equation 
implies that the rate at which females are recruited in an area increases with the number 
of women already in the subject area, but decreases as equality is reached. The 
parameter r thus determines the strength of positive feedback between the current 
proportion of women and the growth rate. As p approaches ½ then this positive 
feedback is reduced and when p=1/2 the proportion of females reaches equilibrium. 
This interpretation allows us to evaluate the strength of the positive feedback in 
recruitment of PhD students in the various subject areas.  
For mathematics r=0.054 and for engineering and technology r=0.068, giving a slightly 
stronger feedback for the latter subject area. In contrast, the positive feedback has been 
almost four times as strong in agricultural sciences r=0.206 and almost twice as strong 
in the natural sciences r=0.094 than in mathematics. The strength of these positive 
feedbacks are important, because they show that Swedish mathematics departments’ 
failure to increase the proportion of female participation is not simply due to the low 
initial levels. Natural sciences had a greater female participation in 1973 than 
mathematics, but participation also grew more rapidly over the next 40 years. 
Agricultural studies had a similar level of female participation as mathematics and 
grew much more rapidly. The rapid feedback experienced in agricultural studies is by 
no means an exception. The growth rates r are between 0.186 and 0.276 for other 
subjects (Table 1). Independent of the initial level of participation, most subject areas 
have seen a similar growth curve for female participation. The clear exceptions are 
mathematics and engineering and technology. 
DISCUSSION 
The aim of this paper was to investigate whether mathematics as a subject has followed 
the same trend as other subjects regarding women participation in PhD education, and 
if not, (1) in what way the growth rate differed, and (2) given the 60/40 gender policy 
in Sweden, how long it would take to reach this bench mark. Mathematics, together 
with engineering and technology stood out, showing old patterns of gender segregation 
(Bergström, 2007). As gender structures (Bjerrum Nielsen, 2003), they show, 
compared to the other subjects, slow dynamics and appears to be strong male gendered 
organisations (Acker, 2006; Budig, 2002; Connell, 2006). If mathematics departments 
are left to continue in the same way, it will take another 15 years before they pass the 
40% level. This is nine years slower than engineering and technology. Just as Connell 
(2006) concluded, a result like this indicates that this is more than a question about 
glass ceilings, even though the glass ceiling seems to be exceptionally low in 
mathematics. Both Connell (2006) and Husu (2005) talk about power relations, 
including implicit and explicit power, and symbolism. Compared for instance to natural 
sciences, mathematics departments have not been as successful attracting and keeping 
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women despite decades with laws and decree of equity and equal opportunity 
promotions.  
The logistic growth model we have fitted here assumes that female participation 
increases due to positive feedback. The model fits the overall pattern in the data, 
suggesting that the main difference between maths and other subjects is that the 
feedback between current participation and future growth is much weaker in maths. If 
current PhD students in mathematics in Sweden follow the conceptions indicated by 
female mathematicians that decided to leave partly because of hostility (Sumpter, 
2014b), these conclusions gain further support. Considering the data presented here, at 
the aggregate level, along with survey results at the micro-level, the clear implication 
is that if mathematics departments want to create strong feedback between female 
participation and further recruitment then they need to improve their working 
environments. 
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